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1.2 Notation
ZDX=aTITIE, WS OPDFEEDEELRHD L. TN 612 DWTEHHT 5.
o BT, 214 TTF714 RXKTREINS.

gcd ), gr()
B DFHIIZ BT 2B D5 8L, Rk TRINS.
int, poly

Ty ANEZIE, VTN T A= DEDRA TS5 XIKTEREINS.
‘dbxinit’, ‘asir_plot’
BlEFRITFEIN, X1 T 74 XK TRI NS,

(0] 1;

1

[1] quit;
XHERDZIE, [1 2EDXA TIT1 X TREINS.
[Boehm,Weiser]
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o HEDFIENT, BMATRER S DL, [1 THloTREINS. 72, 0 AL EDE DR U X,
[1* TRIN5S.
setprec([n]), diff (rat[, varn] *)
e shell (csh) D 7BV T MIY TRINDS. 72720, 1 VA M=)V Y root & UTHE
ELTWBIGAEDO 7Oy 7 Mt TRIND.
% cat afo
afo
bfo
% su
Password: XXXX
# cp asir /usr/local/bin
# exit
pA
o AHIFIERIIZ, AHEUKIXQ, EHUKIIR, HELUKIXC ARIKIZGEF(q) (q XFEEHE)
T&RY.

1.3 AFJ5K
Risa/Asir I&EA 55 http TAFTE 5.
http://www.math.kobe-u.ac. jp/Asir

1.4 Asir-contrib /Xy 7 —

Asir-contrib 2 =Y I3 I 2a=F 1 KLy T —VETH S, http://www.math.
kobe-u.ac.jp/0OpenXM/Current/doc/index-doc-ja.html IZXENE L HOTHBH. TDXR
—VITIXFEBRIFEREDO v = 2 7 )b, WEEEIZDOWTOXEANDY 27 £ 5H 5. Asir-contrib
DNTIZDOWTIIRAFRE ICEEEKEZ L > TIELV, BAREPLHTH SV BIEA VT
F—=ARIED XY T — JIZ DWW T asir2005@math.kobe-u.ac.jp ~NE#AE L TIE L.


http://www.math.kobe-u.ac.jp/Asir
http://www.math.kobe-u.ac.jp/OpenXM/Current/doc/index-doc-ja.html
http://www.math.kobe-u.ac.jp/OpenXM/Current/doc/index-doc-ja.html

2 Risa/Asir

2.1 Risa B XU Asir
Risa (&, & L@ CHFEH ORI AT L/ T4 75 ) O TH 5. Risa DIHEEITIK
DB TH 5.

o Ezk;ﬁ%uﬁ
ik, Risa DNEBE NI I N ATV =7 N, 2THARE) OMOHEE % 5E17
T%jﬁﬁj\fﬁ)@ UNIX Dlibc.a’ BRELFBED, 7477V LTHEETS. VY
Vi, C BYOTEYTS TRk X, kT B 531 VR 7 = — A Asiv DEEARFHEI
ELUTHWwWSNTWS

o XTI EHEE
Risa Tl&, A £V EH I & U T, [Boehm,Weiser] I X2 7Y —Y 7 M7 x
7 (gc-6.1alphat) Z HHWNT W3, ZTHE A —RYab 7Y a3 Y(EAF GC &I
) ZHEIZAT O ATV ED M THEHEZ RS, Risa DEHDIETITRTINIZE D BE
BAEY ZHFTNDS.

e Asir
Asir 1%, Risa DEIHEI VY VDEFHE SN VR 72— ATH 5. Risa T, HEEMESIZ
A-VFHDOSFEAS /ﬂ71 AufEB T EMTES. Asir ZFD—DDHE L THE-
72H5DT,C SRBITEWSEEE D, £/, COT Ny HE UTIAL HWSNT WV Sdbx
DTNy HEMATNS.

2.2 Asir ORI

Asir |&, FIRDEY , SR L VY VDFEA VAT 2 —ATH 5. BH Asir £\ D HZ{ETDE
ITARE7 7 AV LTREI NS, BIEY R— b IN TV A IIMARRO@D TH 5.

o C EFERADL—YEFE

o B, ZIHA, HH XD R)

o XZJ NV 175 DHE

o BUNRDYU A ML

o FHAAABEL(NEIHiR, GCD, 7'V 7 EJE7R L)

o I—WEHRKEIZEL DY — IV (REUR EDORE D RR L)

o dbx JADT /Ny

o [EEEN D HiHE

e PARI (see Section 6.1.14 [pari], p. 39) (T & % #)55 B % & © X D FEAfh
e UNIX LTO7#GEIHEEE(Open XM)

2.3 Installation
PR DTt & TR, AERED D > GEa DM WEbE I
noro@math.kobe-u.ac. jp

SE1Z e-mail THEEWL 9.
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2.3.1 UNIX binary version
X —’ry b CPU/OS IZX)6T % asir.tgz’ WMBETHD. TN oIEE2Tgzip TEMUL T
HBDT, ATthgzip TEMTS. £, 1 VA=V TE5F14 L7 M) 2IRDE. TT7 4
U kTl /usr/local/1ib’ IZtasir’ EWI T4 L7 M) ULTA VA R=LINBE L%
RELTWS. LFZDT 4 L2 M) %2I4TI5VT 0L T M) LR,

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

fE ANFNZ A S 2354121, ‘SHOME 72 K2 B W T H K\,

% gzip -dc asir.tgz | ( cd $HOME; tar xf - )
GG, 7477V T4 L7 N O & BRIEZRASIR_LIBDIR IR ET 2B ENDH 5.

% setenv ASIR_LIBDIR $HOME/asir
Asir XKL, 9477V F 0L 2 b)) Dlasir’ THA. ‘/usr/local/bin’ H 3 WE1—
DEFTT7TANT—FNRNADEI Y Y R) w2 ) v o %E5 L H R THS.

# 1n -s /usr/local/lib/asir/asir /usr/local/bin/asir
N Tlasir’ DEBFTES.

% /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
FT, A VAN NEDT A LI N RRDZBEDHL. 2212, LFOY 754 L2
NUDEPNS.
e bin
PARI X O Asir OEFTA[REY 7 1 )V
e lib
PARI 8LV Asir DT 1 77V
e include
PARI D~y X7 74 )b

INS6DOYTT 4L MY IFEITNITHBINIZES NS, root R H 5541
1%, Yusr/local’ 124 VA= T 52 28HHTE UFN, ZOF4L 27 ) %
TARGETDIR & #<.

FTPARI 914 77V &2A VA N—LVTEHENDHS. ‘pari.tgz & AFE, YR T
1 V27 MY TREREM, A VA M—VT 5.

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

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

% su

# make install

# make install-lib-sta
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make HIZT T —TilEE o756, M FNZ2HEITT 5.

% cd Oxxx

% make lib-sta

% su

# make install-lib-sta
# make install-include
# exit

b

EOFIT, xxx I3BEX =7y 2> TW5 0S DX4RTZRT. GP IZ1 VA M= &
RN, asir2000 DIERUZ BEIR T 7 A WiEA Y A b= E b

‘asir2000.tgz’ & AFf%, #4727+ L 27 MY TCTREMAL, MFOFIEHTT Y A h—)b
35,

% 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

2.3.3 Windows version

‘asirwin32.msi’ (32bit ik YA b —F —) 7zlF‘asirwin64.msi’ (64bit i1 A b —F
—VEHWTA Y AR—VT 5B, ZOA VA =T —IFBRELHASIR_ROOTDIR’ |21 A b
=NV T ANEEHET S, (zip HRIZ‘ASIR_ROOTDIR’ % FE) CRET 2 HEVRH D, £7-
X2 T4 70y 7 ERRUTHRSEMLUBLWE WITARW. zip lRIZBHIFEH.) 77X 2 b
Y T D asirgui XTIV Vv TR asit AR — T L. TFANIT 1 X & DOHEHEER
BEZ{# 5 121X, “4ASIR_ROOTDIRY\share\editor’ DIFRIZMHWVEREZITD. BBA VA F—
VT ANVE =R —F—DHR— LT A IV ZHPINDD B XA T % GO E TIER ICHE
URWHERED D 5. (| RAXFF v 1—| THRLUTHS DO —F =050 2 HER)

Changel.og

e Windows fiklZ signal % thread T emulate 3 % 728 ctrl-C X OpenXM @5 CHI#E %
BZT Doz, IROEFIZ LD H 7 b RENUEE X 172 (2017-08-30).

e 1.13 gc-7.0-risa.diff, 1.37 parif.c, 1.101 ca.h, 1.40 ox.c, 1.79 ox_asir.c, 1.17 gc_risa.c,
1.97 glob.c, 1.30 ox_plot.c, 1.9 io.c, 1.12 plot.c

e Windows hii I bigfloat @ bsave, bload (Z bug 23 - 7z 13, IR D& IE T bugfix X 1
7 (2017-08-31).

e 1.18 bload.c, 1.19 bsave.c, 1.22 io.c
24 ARVINIAVF TV a v
ARV RIAVZ TV a VITIRD@ED .
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—heap number
Risa/Asir T, 4KB D70y 7% AEVE D Y TOHA L LTHOTWS.
T 74 T, W heap £ LT, 16 70w 7 (64KB) #| 04 THH, ThEE
B9 5554, -heap 2D, BALIE 7Oy 7 ThHb. heap DKE XL, heap()
BETHANRD Z &N TE D (HBALIZANT M),

-adj number
ZOMENRKENVIZFE, HFHRXEY BIIKE < ABED, GC FKENRDmL 5.
number & UT 1 A EDOEBBMNIGETES. T 74V NTIX3 THS. ZOMEN
1A FIZ58 GC 2 ULBRWEREIZRDLDTEFRETHS. heap %725 N il
IFE T, GC 2 FEMRIZLUTAEYVEH L ZWEA I, 2oz kE L WX
IX8) MET 5.

-norc HA{L 7 7 1 JV*$HOME/ . asirrc’ ZFtF 7R\,

-quiet ALF I DEVEMERIR 2T D0,

-f file KHEATIDORDLYIZ, file DO AN ZFHAAATEITT S, L7 —OFRITIE7Z
HIZHKRTT 5.

-paristack number

PARI (see Section 6.1.14 [pari], p. 39) SHDHMD K E T 2FHET 5. BALIX
NA M. T 77XV T 1 MB.

-maxheap number
heap fHIKD ERZIHET 5. BALE NS M. 77 40 b TIEMEHIPR. UNIX O
B, FEERIZIX1init 3~ Y R TRRSI N Sdatasize DIEICHIRI N T WS /-
&, -maxheap DIFENL L TH —EEM EIZ heap ZEBETERVWEEND S
DTHEE.)

2.5 BREIZH

Asir DEITIZHET 2 WL O DERBABAFAETS 5. UNIX L TIREREZEIL shell D~
YRIAUDSHEERET S0, shell D e 77 AIVTHET 5. Windows T, [BRIEEHK
D] THRET 5.
e ASIR_LIBDIR
Z DERBEZAIIFE LT 7E.
e ASTIR_CONTRIB_DIR
Z DERBIZBUIFE LT 5E.
e ASTRLOADPATH
O—RINBEZT7 714V H5TFT 4L 2 b1 % UNIX DAY, Windows D
BEy TRY->THERSE, T4V NV REELPSHEHIZY—-—FINE Z
DIERZWIEGE, P OEEI NG T 7 1 )L AASIRLOADPATH 1272 7 5 7=
BE, 79477V 74V 27 M)EY—FINDE wmix [KOFTA T 7V T
4 L 2 b VU (X‘$0penXM_HOME/lib/asir-contrib’, ‘$0penXM_HOME/lib/asir’,
/usr /local/lib/asir-contrib, /usr/local/lib/asir. Windows fKDZ 1 7Z V57«4 L7 KV
I, ‘OpenXM_HOME’ 2% E X N T WAV E 11X, %ASIR_.ROOTDIR%\lib\asir-contrib,
%ASIR_ROOTDIR%\lib\asir. ‘OpenXM_HOME’ #% & X 11T W 3 IE, unix K & [A f%.
¥ 72 Windows i @ % &, {E A #H 55 %APPDATA%\OpenXM\1lib\asir-contrib’ 7
A7)V F 4L )b, B unix IKTIX LD X D 2l ANGES 2 BRI
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B A1 AL 72 <, OpenXM kX @ asir T I&‘OpenXM/rc/’ (2 3 \» TASIRLOADPATH’
T‘$0penXM_tmp/OpenXM/1lib/asir-contrib’ % ¥ — F /N 2 T il & T W 5.
asir_contrib_update % 2. which, ctrl("loadpath"), asir2000/parse/load.c ® ZJ#.
e HOME

-norc A7 a v D ETERE L RWEE, ‘$HOME/ . asirrc Db, FHIDT 71 )L
ZHAT9 5. HOME D E S NTWARWEE, UNIX MU TIERIZE 5 E 20D, Windows
FRTIX Asir X1 274 L2 Y (get_rootdir() TIRINDT 1+ L7 V) D asirrc’
ZERLU, phiEENEETT 5.

2.6 HEN»SKTET
Asir 2 EEH 95 &,

(o]
570y T NBIERRIN, By Y3 VOGRS, ‘$HOME/ . asirrc’ (Windows D5,
HOME B E I N TWRWEEIZIEget_rootdir() TIRINET 1+ L2 bV IZH 5 . asirrc)
PEELTWAEE, 2D 7 714 )V EAsir =P SFETHIPNZT 7 AV e B L, fRE
79%.
TRy T MIANDOESERT. Ly a Vi end; Fzldquit; ZANTHI LITLD
T35, AL, 5 £33 T2 KUY L ULTFHlicNng. ;0 DL SHERIIERE
N, '§ DL ERRINA,

% 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+5%y "4*x+y~5

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

evalpv : invalid assignment

return to toplevel

(3] a;

a

[4] fctr(A);

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

[5] quit;

h
ZOHITIE A a, x,y REXEVEHINT VDS, A XTET I LIIBITELHT, a, %,y
IR ERTORETLTH D, — T 07T DEBIIARLFETHE D, RETTIZIN
FTCIHES. ZOFITOND ED1T, 700 T LA, B, K82 ML THE7=dDd
DTHY,C FFEBREITBTLEBUITHIET 5. —, AETRBEZNHI THEZRSZ L1
TEY, o T, AETITT BMRARFTF I NV, BRITRTH, RETITNT HMRA, #
AIAAE B subst O 12 & W HARKIZITbNS.

2.7 E|DIAH

TR ZFATHIZEI D AAZ DT WG, B0 AAF ¥ T 7 X (Gl H 1L C-c, Windows, DOS
RCTldCc-x Z AT 5.
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@ (x+y)~1000;
C-cinterrupt ?(q/t/c/d/u/w/?)

EIEINEOERIZIRDED .

q Asir 2873 5. ( b D)

t Ny TURIVIZRS. (HERH D)

c %ﬁ’&%ﬁm’é‘é.

d TNy TE—NIZAD. T8y FIZBIU TldSee Chapter 5 [7 73 4], p. 29

u register_handler() (see Section 7.5.6 [ox_ reset ox intr register_handler|,
p. 104) TEESI N EETR LY TUVNVITRES. (ERDH D)

w FIlT R X TCORBDIFOH LI &2 KRS 5.

? FOBRIRIL O RIRZ SIS 5.

2.8 =7 L

A ArIA B i&k?fb& ”®§|§ﬁ%fﬁb7"i§7 IRENIIFETAHW I NS A, 2 — P EBOH

TLI—WREGEITIE by TR SENZHBIZT Ny ZE— FIZAS. 201K

%f:i—@%%Jﬁ%@ﬂﬁ@@txéﬁxé EMTEDL. RRINDTT—Avt—

VIIXFEIETHY, NEEOEBLIZH EHMNT Ay —=IUNRKRINS. T, IFOH

INTHAARAATBE BT LEXIHIEL 20,

ZOfl, X FIFRFRNTE D AEHEHERBIZBWTZ I —20ET B Z 2% 5. UNIX ik
DEE, THIFIRDWT N Dinternal error & U THE I N, @HEDT T — & FERRIZHK

ST, TNy 7E—FRIZAD

SEGV
BUS ERROR
FLAAAEKEBIZ X > T, IO ZBBEIZF o v 7 TIZEEIL—F i25]
%bebi?%@%ﬁfbfb .bwioaﬁﬁkbmf RIEZARA v
R HBWENULL A Y RIZEDBT 7R RAERD D> T-56, TNH5DT T
— 5.

BROKEN PIPE

7u%z%@%ﬂ£mf;m$%®fnﬁza®%®xbU~Aﬁ%mﬁ&b
TWRWEE (B A EBEIC *H%%@j’w@zi)i‘%ﬁT LTWBEGARKRE)IZ, TD

ARV —=LIZAHAOLES E LY ZDITT—L5.
IS IFFEBRIZIX, fHARAAEKED ALIZ %hf mﬁ%mﬁ WZF v I35 Ik
HDIBET 20, FEINZELS bk, IEoTIIRRZET I LIZE2 25720, H

ATHEF = v 2o —FEEIC bf%é

2.9 FHEFER, Rk

QT AT —7 X7 UTHHING. BIERD LS BRHEND 5.
en n & H DR R,

e ERTDFHERGR.
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Qi
Opi
Qe
¢

JE R

A 2.

H AR D K.

2 7k GF(2) LD —ZHZHADZEH (A E ).

©>, @<, @>=, @<=, 0==, Q&&, Q| |

quantifier elimination (23 1F %, — b GEim s & 1

[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+x"2-x+1

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

(-4-4%@i)

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

-1.0000000000000000000000000000

[7] (@+1)"9;

(@~9+@"8+0+1)

My TV THEINAEZZOLSIZE A M) E LTI HHUARETH 55, 2D Z &
W, AR—=VaV I RIZE->TTAEZE -5 THRENED D 5. ﬁﬁgﬁ%&ﬁ%F/iV
LT FHRELU 56, T0HBO GC REAEHIZ KT 27N H 5. 2D k5354,
delete_history() (see Section 6.14.15 [delete_history], p. 94) WA TH 5.
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3 M

3.1 Asir T RELREY
Asir 1IZBWTI, AIGERBERTANI NS T X503, N—PFIck v hl S I L
XN, A VA TYRIZE DRisa DFHET VY VR FCH LRSS WHERICE s ng. &
B NEHRIE, MOWTNAOHE D, £FSIZ, MARAEHtype O 2L VRIS
EIZHIE LT WA, Bk, Asir D 71> 7 MIXT 2 AW HRERIEAD WL D9 % R_T.
00
FEERZIZ 0 2B FICE DORNERIIFEL RN, 01X, CIZHBITB 0 K1 U &RIZ
FORBFINTWS. UL, HEH EAsir Dtype(0) 13fH 0 ZiKT .
13
1 2/3 14.5 3+2x%@i
BlE, 512V ODRIZA T 5NE. ZHIZDWTIE R TR,
2 ZIHNX (HTHW)
x afo (2.3*x+y)"10
ZIEAL, 2 TEIN, TORSIZE T 2 28ER 24> T, HIRIIZ 1 25
ZIHA L UCHERDIAIZEM IS, (See Section 8.1 [ HIERELIHA], p. 114.)
ZDRK, ZOLZIHNITEHNSHT R DL % EEH L IER.
3 BERN (FIEATALY
(x+1)/(y~2-y-x) x/x
BEA, 2RSSR TD, PRIIZred) BRI VIR D #531317
bz, 2k, ZIHAD GCD HESO CTEWHE TH 5720 T, FHR
DEBIIERLDLETH 5.

4 )X+
0 [1,2,03,4]1,[x,y]]
VDANMIFEAHBLUEHATHA. [ 13V A N2EKT S, VA MIXT 58E
& LTI, car(), cdr(), cons() 7 &I & B EAMEDAMIZ, A U S H DR
E AR UT, [index] ZERZIFDITAEI LTIV EZEOMOHLZITS Z
EWTEDL. HIZIE
(o] L = [[1,2,3],[4,[5,61]1,7]1%
(1] L[11[1];
[5,6]
FEETAREZ 2, YA N, BAATH, X7 ML) 2, 1Ty 7 RE0 925
BELHZZLE, VAMODEZOWOHLEA VT v 7 AT Z &%, fRILk
FHMNORA VR EZEDZ YT 5720, BAINIRT 2 BIEICHEEL T K
RV A NTIREHP D222 5E6G08H2L VW52 THS.
5 XY ML

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

N7 MUK, newvect () CTHH/RIIZAERT 2 BEAH 5. FiEOHITIX 2 KD
0 RXZ MVOBER I N, BETIE, 550 oD%, 51 oA 1 DR MLHER
INb. FED 7DD 2 515U, H 1 5IBUAFOEI DY A N EZIHF1T 5.
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6 1751

7 XF7FY

8 MGk

VDAMDERZRIIENPSHOON, R RWHIT0 Bfibis. 845 1d [index]
IZEDED 5. ERRIZIE, BT, )T ML, 55, VA N2 EDEROR
DNRENRATELDT, ZIXICES 2 N7 MVTRETH I LNTE 5.

[0] A3 = newvect(3);

[000O0]

[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;
[[[o00O0]J[O0OO0OO0O]TL[OO0OO0OT]]
[[o00]J[000][O00O01]1]
[[Lo0O0]J[O000O]J[O00O0O0O1T1]1
[4] A3[0];
[[Loo0]J[000][0O00O0T1]]]
[5] A3[0][0];

[L0O0O]

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

THIDE R newmat O 12K 0 HRIIZITONS. HILE, 51DV A DY
ANERBZEEROVTIERY MIVEFEBRT, YV A MDOEER(ZNITERLY A
FTHB) IF, HATOHMLIZHb R, & D 22WERSITIE 0 2D 5N b, 175
b, BERIZIIEEONHEEZNRATE S, THOEFTIX, X7 MLE LTI H
TIENTES.

[0] M=newmat(2,3);

[L0O0O0]

L0O0O0]

(11 M[1];

[00O0]

[2] type(@Q);

5

nn IIafoll
XFEHNE, FNZT 7 ANELREIZHWSNS . TFFNR U T INED AN EH
INTVWT, FERIZ2 DOXFFH DL TH 5.

[O] Ilafoll+lltakell;

afotake

newstruct (afo)

Asir IZB 1T BHEERIE, C I2B I 2EREZESIL L2 DTH 5. [FEEERS]
DEBDEZETT 7 ATELA TV 27 T, B RERT T2 DT 5.

RN ESTE LN

2%<<0,1,2,3>>-3%<<1,2,3,4>>
N FE ATV T FHEEEHORT, ME DA TIORPBRE L5 Z
LIRETRVD, U TFEEGE Ay - YRR -V FETEITY
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57280, A—YPRIETE L LML LB E UTAsir THATESL512L
TH5. THIZDWTIESee Chapter 8 [7' L T FHEKDEH], p. 114.

10 BS54 LV Y 32bit BE
11MIZ—FT7VV N

M EZ2IX, Open XM IZBEWTHWO NI R A 7V 27 b THB.
12 GF(2) LD1T75

BE, B 2 OFRIKIZB I 2 REZBDO-oDA TV 7 e LTHWLNS.
13 MATHCAP # 7>z b

Open XM IZBWT, EEINTVWIHEEZ EZIETE-0ODLF TV M TH

5.

14 first order formula

quantifier elimination THHW &35 — Pk GEamEE .

15 matrix over GF(p)

INEEAT BRAR B D1751).
16 byte array

FF572 U byte OFcH]

26 DRRBINEFZIAN
2%<<0,1,2,3:1>>-3%<<1,2,3,4:2>>

I, ZHEAR LOABIEO G E, IIFFREAOM E U THEERE L5 D
Thd. 2T, IFFREAZ FREACIMFEOFEREOMTH 5. T1nIiZD
WTlESee Chapter 8 [7'L 7 FEIEDFHE], p. 114.

-1 VOID #7vx ¥ b

RERAN7-1 26 DA 7Y 27 MIBIBOR D HR EDWNTH B Z L 2RT.

3.2 HOH

0 BEH
AR, (LRSS EEE (bignum) 12 X D EHINTWD. AHEUIHE IZBER
DECTRILEIND.

1 ERREIZ BN

RV VDR HAEEFH/NITH S, Asir DEEIRFIZIE, BEDOEXTA
HEINTFE/NEITZ DRI E BRI NS, 72720, ctrl() 12 & D bigfloat 7%
RENTWBEEIZITbiglloat (ZEHINS.

[0] 1.2;

1.2

[1] 1.2e-1000;
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0

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

1

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

ARG L7 E) /NG & AP DTS, AR B/ NMIUC B X 0T, RE/MI

LTHAEINS.
2 RERYEL

See Chapter 9 [{REFEUZBI T 2 ], p. 153.
3 bigfloat

bigfloat |%, Asir TIZMPFR 71 77 VIZX W EHINTWS. MPFR 25\
T3, bigfloat 13, IREFRD AMEEZATR T, BRI 64bit BETH 5. ctrlO
Thigfloat % #EIRT 5 Z L IZ K 0, IBEOFEI/NED A J7idbiglloat & L T
N5 KEEET 74V N T 10 &9 HIFRE TH 2D, setprec(), setbprec()
WX DIREWRETH 5.

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

1

[1] eval(2°(1/2));

1.4142135623731

[2] setprec(100);

15

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

1.41421356237309504880168872420969807856967187537694 . . .764157

[4] setbprec(100);

332

[6] 1.41421356237309504880168872421

eval() &, SIBICE TN D HEBMEZ WTRE72 IR 0 HEL T2 KB TH 5.
setbprec() THE I N7z 2 EHBUL, HDE— NIZIL U 7245 R DIEE % (REE
5. setprec() THREI NS 10 EMEUL 2 EHBIZEHBMINTREINDS.
(See Section 6.1.13 [eval deval], p. 38.)

4 BRI
BRBUE, BHEEL SR EIFEI/INY, bigloat % 3256, Bk & U Ta+b*ei (Qi &
JEEHAL) L L THEZAONDHMTH L. Ei, BIHIZEFNTNreal ), imag()
THLY e 5.

5 INEBDERREDIT
ZIZTEDI/IMER L X, A 2727 RKEDE DD L THD. ZD XS LA
WL, BIED & 2 A7V T FRIEHBEIZB W TR AW S, A RIRRED
DRHAZERDFRHZIN O HT Z e THoNS. TNEHEITET 2 GRIKIZ
B9 5 1EMIEF 727, setmod) THREINTWDHEHp #H\WT GF(p) LT
DEENHEHAINS.

6 KIZHDERFREDTT
Y UTREBOERR NG, ZOMOBIL, BEUZH Usinp_ff % #/H T
HZEiZEEons.
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10

11

2 OBRAEDT

B 2 DIERDOABADIZRELT 5. 54 2 OERMKF &, IERIKEF:GF(2)]
Zn &INIE, GF(2) EBERZR n IREIHA f(t) 12X D F=GF(2)[t]/(f(t)) & &
5bIND. X512, GRQ)[t] DT g 1, f(t) bEDTHRARLATY Y Ml
ARINDET-O, EALIEX, FDitgmodf i, g, fZ2HoHT 22Dy M
TRETAIENVTES.

F Otz ANT 20 OO HENRHEINTWS.

e Q@
Q IZZTDHAIET, XFEME>T, e AN DR EZ D S5 HTH, B
MTENS AL, F=GF2)[t]/(Et) B35 tmod f 2H5DT. X
5T, @ DHIHAXL LTF Otd ANTES. (@ 10+a+1 % Y)

e ptogf2n
ERERD 1 BEEZIHA %, ptogfon IZX D IIET D F DILIZLMY 5.

e ntogf2n
& (D ERB % Eé’ﬁaﬁﬁf F Ot Asd. HRKE LTI, 10 i#, 16
H#(0x Trx ), 2 #(Ob THE2) TAHIDHEETDH 5.

o FTDh
ZIHADREEINT L F OFCIZEMT 2 & 5256, simp_ff (2 X D A #

¥ p n OHERED T

NE D p n (p IMMEEDZR, n IXIEEL) I, B8p 8L GF(p) BB Zn
RZIHA m(x) Zsetmod_ff ICXDIBETDHILITIVRET D, TDHEDIT
m(x) 2k 95 GF(p) EOZHA L LTRHINS.

M#p~n DEREDIT(/MIER)

N#A p " n DAEMRKR(p~n 732729 AR, p H2°14 ubg Sn 1) X, Ep &
K OHERIREn % setmod_£f IZLKDIEET DI LIZLIDERET 5. ~_0)1'$0) 0
T7RWIGlE, p 232714 KD %E, GF(p~n) @%&Ei@éizﬁjan%lia“é bt
W2k, ZODORE L L’C%éﬂé ZHIZED, Z2ORD 0 THRWITIX, Z
@«%?aéfca LTREBIENB. p H2-14 LALO)%@&&@%“@%H% L BRI
BN HEDOT O T LATHNIDGEZRADLDIZZD LD ikt o
TW5.

¥ p n OMIBAEREDREBILADIT

HIIED, M B D p~n D/IMIBAERAEDOm IIERKDITETH 5. E8p B L OHEK
REn, m Zsetmod_ff IZX DIEET A LIZXIORET S, AR LEOm X
B Z HAPHE AR T N, £ ORBILKRDOEFRTOEHRLHAE LTHWS
N5, Lliotides TH5.

DEFRIE DR EAIEL
See Chapter 9 [fREBUZBE S % HF], p. 153.

/J\F?ﬁ(ﬁﬁﬁ%%%%@ﬁﬁﬁ% I¥setmod_ff THET 5. ARAKDILE S LDEHETIZ,

—ADEEBOLEITIE, TOEHEBIZHBINICBERE TN TN S HRIED T A
1, iﬁ'ﬁ%ﬁbi‘ﬁbma
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3.3 AETDHRY

ZIHADEHE LV REINRERETTE L&, Asir T, SN FETHE D, EREDO 7 )V
TRy b BT POIRBEXTIEAETRE LTI D, TOMIZHE AT LIZE DA
e ULTHRONDE LD D0H 5. Asit DRNFHERE LTIE, TS5 3 TLHAL
UCTOMEROH, e Rk, AETDORIZE D KAlENS.

0

— &R ETT

TN F T E 2 X7 ZHAOEH L L TibF@EicHvwons.
[0] [vtype(a),vtype(aA_12)];
[0,0]

REREL
uc() X, 0 THFEBL XTI R THILAELEERT S, Zholk, 22—
MAHNTERVWE WS ZTT, BAETCEEDL SRV, =R AH LA
ETLEEHEL W EWIEEZFH L CREBRBOHE LK EITHNSZ &
MTED.

[1] U=ucQ;

_0

[2] vtype(U);

1

HEH R
FHAGA AR, 1 — VB OO UL, 55l & 3T S 9D Asir DAERE R
WA NS D, sin(x), cos(x+1) R EIX, FHMiiEEH T DX DL TIFIET 5.
INEFEHBIEAREIEIEN, THhEHED 1 DOARELE LTHbONS. F/-0%
FeikZsafil & UC, MERepi AN DKee BB AL LTHbNS.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

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

[sin(x)]

R F
BRELE Y HY U 1, fname(args) &\ D BTN B DY, fname DEBS % BREL T
EIEE. BRE I, BBORREIC K O MlAJA AT, 2 — P EREKBT, ¥
FHETREDD DD, W IEHEMTAE L UTHRET 5.

[6] vtype(sin);

3
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4 1 —Y = Asir

Asir DFLAAAEENT, RO ME, GCD R EDHEZITIED, 774 VA IZEITS
D, HBHN i%ﬁW)#*B%HS(V)ﬁ?%@&téiéi&%@#ﬁﬁ (XNTWVWBEN, 2—¥N
%[ﬁ?”_b\f'b\ CERETIRLZD — Iz — Y SEEI ;67°D7°§A%%<%\
ERHDH. 2—YSFEL Asir LT st?hé. U\T’C X, A=Y EEOUEHAE L OFEBD
—YEE TS LEZHELETO ST LDEZ HIZOWTIERRS,

4.1 j((ﬁ(c Sak OD@L\)

Asir DIEIZ C SEEIWCHERL TVWE. BERMHEMIIROEY THS. IFT, B
IXAsir 1281357077 LHOER, $HhbbRNFTHELILFINE2ERTSHZ LT 5.
o ZHDRIRIZ.
BECHEAL 72 B0, Asir THRONSNEHFEEETH SO EZRF>TWS. UL,
IO T LAEBEARE, EOXIBRHNRTERATESL LWV ERTHERLZVWDTHS.
[0] A = 1;
1
[1] type(d);
1
[2] A = [1,2,3];

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

o HEBNDEHIL, T 7 40V N TIHMERIEZEZ bf?mfﬁ% 58
##bemwnaméﬂt B, by TURVIZEBIT B REBERE 5. Thbb,
IO A T — T KL E RO 2 FI WHHi LI T V5. b/7v«w'¢
Khb7a Yy T M U TANINZERITETRIBEHE U TERIND. /-5
WTIEIRDWT N5,

1. BN E §ﬂ577’f}bkzbb\f Z DEHEEFR AN, D DL E Hlextern H
SINTVWBGA, HBENDOZEDE ﬁ%ﬁﬂz/ﬁéﬁtc‘:bf?&bhé
Zemmnaméﬂfbﬁb UL DB R & 72 5.
% cat afo
def afo() { return A;}
extern A$
def bfo() { return A;}
end$
% asir
[0] 1load("afo")$
(5] A = 1;
1
[6] afo();
0
[7] bfo();
1

o TUT T AEBIIKIFTIHED, RE, MEUF/NCFETIHE .
Z DR, E}E??O)%Iﬁmfi/l-r!/\@éit/u& CHRRDETHD. Asicr T DLk %E £
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AU, 2=V AREILDODE D THALUZEBIZRA S POEIRAI N TV
BEITRELEZEL, WO, BFED VAT A DR RIZ RS 5720 TH 5.

e switch 3, goto 7R\,
goto MIRW28, LHEI— T % —EIZIRIT 2O EMIC R 25605 5.

o IR, for (4;B;C) F721%, while(A) DA, B, CIZDAFS Z 2N TE 3.
T, VAMZERRA TV b LTMAZZIZLS.

PAEIEHIBRTH 555, LR E U TIXIRD EAZE T o5 5.

o AHIITNT 2RI A Z, BHED CIZBITFIHELFAKICTEZ 3.

o VAMINPKZS.
MEEREZHAWS ETHRVWEROEAKE, VA NTRST I LN TE, C TEHEEL,
AL T s I LWL, FiAX T <EIT 5.

o I—HYERKBIZEIFTS 1T~ Emacs-Lisp IZHLLU7-8BETH 5. #EL < I,
See Section 4.2.1 [ —HE K], p. 17, Z R K.

o I—WERKBIZBIIEA T a3 VIEE.
ZHUZBI LTI, See Section 4.2.12 [4 7' a VRE], p. 24.

Asir TIRIRDFEH PR F—T - R LTEDSNTWVS.

o C FiBlTrHIk:
break, continue, do, else, extern, for, if, return, static, struct, while

o C Silin o DHLIE:
def, endmodule, function, global, local, localf, module

o KL

car, cdr, getopt, newstruct, map, pari, quote, recmap, timer
4.2 2 —YERHBOESS

4.2.1 2 —YEFZHEE

A—PIZLDEHBDER L def” L TITD. XHELT T —IEFHAAARIIHEBEF v 7 X
N, BBLTOHMBRRREINS. B (BIEOMEBIZEEFZR R ) AADHBAEZRI N T
H5EIZIE, TOERBIIFHEREINS. ctr1 ) BEUZ & Dverbose 7T 7 M on 12785 TV
558,

afo() redefined.

EWVWI AV —UDNTIRINDG. HEIHBDERIZBWT, FEREBZOHRBZIFOHL T
WTH, EERFICITZ I -2 6BV, BEITRICREEOHBZILTHZES L LZGEIZT
T—rib.

/x X */

def £(X) {
if (!X )
return 1;
else
return X * £(X-1);
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/% C; (0 < i < N, 0 < j < i)

def c()
{
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]1, J =1; J < K; J++ )
B[J] = P[J-1]1+P[J];

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

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

{

return A+B;

}
2 DHOHITIE, BEIN+1 ORI PIL(ALT D) BRI NS, A[I] FESII+1 OEHITH D,
FDOENTNDEREDN,C;, 2 BHEZLTHITHS.
3 DHODHITIE, 5BV DH L IZXFHREPNT WS D, 21 Emacs-Lisp D BE#E
TIZHLLOBBE T, ~NVTHOXFHITH D, ZDOHIDEE. help(add) ICL>TIDX
FHINHE I N D,

SR Section 6.14.4 [help], p. 89.

URTI, Cit&kd 707 I v ZOREBRMPILNADZOIZ, Asir EFEICE S 707 T LD
HE ST 5.

4.2.2 BB LORET
BRITER AR 72 D | Asic IZBWTIX T 12T LA E Aotz R KL TWb.
8 KXFTHED, TIVT 7Ry N BFE, D575 30FH
BRBDDHDNNEITOT T LA, Asir DX T RBMONTHERZ2KENT 5
ODHETH O, BININNEIEAD, ZOEBDMETH 5. BEPRDEHE
ELUTEHMIIENARE, ZZIZNDSN-EIZESHZONE. T0bb, NE
ERoFIZIZ T 77 AR BITENZ W, 2L T o THkEhTwW 5.
[0] X~2+X+1;
1
[1] X=2;
2
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[2] X"2+X+1;
7

RETT INCFTIRE D, TV T 7Ry b BEF, O P OIRBXTFH), £y 7Ny
F— M THENZXFS], H U IFEHBIEAR. Aeneid, ZEHAREMEET 5
BUZIRINZE B EB A WD . Asir I2BWTIE, RETCIIEZ B 72 728 Wk 722
JLTH Y, RETLANDEDORAIEFF ST NN,

[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

4.2.3 518

def sum(N) {
for (I =1, S=0; I<=N; I++)
S += I;
return S;

}
ZHiE, 1 256N FTOHARBDOMZ KD 2 Esum() DEETHD. ZOHNZH T % sum(N)
DN WE|ETH 5. ZOHIE, 1 5IEBEHEBOHITH 20, —fRIZEBMOEBUIIEETH D, &
BRZTOMEB %, CTRU>TIRET A I LNTES. 5[ BUMEDEINS. T4b5, 5]
BaEZTL >[I, ZDFMOMEEEELTE, ELZMAOEBITIZ/L LW, 72720, H#i
B 5. UL, X7 MV, 755 BIZIEL-BETHS. Z0HED, I -2
DHEDEHEEEZL I L, TORBICRNRBIECH 50, BRE2EZESWMA 754G, Th
i, O LMIORY bV, 1750 BZEE2ESHMZ B LI 5B.
def clear_vector (M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I < L; I++)
M[I] = 0O;
}
ZOERBUE, BIBDRZ b)LE 0 X7 MVICHILT 2720 DK TH 5. £7-, X7 hL
ZRHIBUCIET Z 212X D, HEORRZ 5O MVIZIGAIL TR Z A TE 5. EE
W2, 2O XS BRGEICE, ERE2VANMIUVUTERTZEETE S, RWIZR U THWD I
THIENEE L.

4.2.4 I AV b

C kR /* Lx/ THENZHDIEaAA Y P LULTHRDNS.
/*

* This is a comment.

*/
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def afo(X) {
TRAY MIEBITIZE > THEHDRVD, ANTIZT BRI LIETERY. /% DN DdHo
TERHDEDDANEN LR, BANIENTz*/ TIAA Y NIRRT LRI Nn5.
TR I LRET, AV NEEUAHEELEH I D2 I A NT U N UEGEEITIE, #if
0, #endif Z 2 IX K\ . (See Section 4.2.11 [7'V) Fu+ v H¥| p. 23.)

#if O

def bfo(X) {

/* empty */

}

#endif

4.2.5 X
Asir D1 —HEEIL,
def ZBEI(BIEN,BI%,...,B180 {

X
X

X

}
VWO TEHRIND. ZD XD, IHBDOEANLERETHY, 7077 LE2EL
=OIZIE, XRED LI RBEDTHB0HoRITNIER SV, b Bz e LT, i
NhHb. i,

S = sum(N);
D& D1z, ML B (5 £721E) 22078 DTHB. DR KCHL Dreturn
X, break X 7R EMN X DE/IMERRHENAL L 725, if X XPfor X DE K (Section A.1 [XIEDFH
M), p. 177) 2 RNEHO2 28D, ZNS5DOREKIE, Beb —DDOXE LTEHRINT NS,
WL, AMKIZIZEBO XD E T LR EL L. 20X RGE, { &Y TXOI
VzffioT, —2DOXE ULTHED ZLATES. TNE2EL LS.

if (I ==0) A

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

}
Y DEA TR FIEBERN, 28RS, L PRI E > TWT, if XD
PEERMEZLTWVWENRSTHS.
4.2.6 return X
return XIZ,

return Eﬁ;

return;
D2 ODERDRHSL. WITNEEHBPSKITEZODOXTH 5. BiFIFEHOMEE LTRE
WY, BETIE, WEOME U TEARZINEDEDH 5 78\,
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4.2.7 if X
if Xzl
if (X)) if (X))
X kU X
else
X

D2EENHD. ZNSDOEEIZHS N TH DD, XDNEIZIE XDBKEGEITTER 2 E
T5. ROHEFZATAHALD.
if ()
if () X
else
X
ZDGE, F RIS, else AN, P Dif IZRIGT B X DIZRZAZH, =ik H
Iz 2 ZHDLf IS T 2 L HWT 5. T7hbb, 2 BEOIf XEF LD, LI
BERMED BN, TN Z2MRIET 572012, else AN, mBIEWVif (20T 5 & W5 HHIAYHE
AXNnNs0THB. [ftoT, ZDOHIIL,
if () {
if (X ) X else X

}
EWHERE L. FRITICRIE S S0,
if (X)) {
if (X ) X
} else
X

U 520,
B OH T2 < top level Tif X2 MWD & EE$ £/218; TRTITIBERDD. 2o
DRV EIRDX NI AL ITEIND.

4.2.8 )— 7, break, return, continue
V— T 2T 531X, while 3¢, for X, do XD 3 FHN S 5.
e while X
BT,
while ( X ) X
T, 2, RZFHH LT, ZOMEN 0 THRWIR D XE2FETT 5L VI EKE LS. 72L&
ZAFAN 1 %o 1F, BRIV —-T 05,

e for X
BRI,
for ( RMU-1; X; XWV-2 ) X
T, 2k

RIFC-1 (ZFBEXEFICLEZHD)
while ( & ) {

X

R P-2 (FBEXHNIZLEEHED)
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}
CEMTH B,
e do X

do {
X
} while ( & )

F, BITXEEGTU T o RMRIT X2 HEZIT D Fihivhile XERL>TWNDS.

N—T%2FITHT TR E UT, break X N Ureturn X23H 5. £/, V— T OHilH % H %L
B2 T FBE LU Tcontinue XD3H 5.

e break

break XL, TNZ2FLIN— T2 D ITHKIT 5.
e return
return XI¥, —RIZHED KT B72DDXTH O, V—TDHNPSTHEEMTHS.
e continue
continue I, W — 7 DARAKRD X DK HIH 2T . Hl X X for X TIE, mED AN
U DFETZIT\, while X TIXFMARDOHEIZES.

4.2.9 FEEREE

MER L L, B D OEENKFTT 72 ATEAEEERI L E o> TLW». HiEER
WEHFT TR NS, FERIE, struct XICEX DV ESINS. MEKRPESING & X,
asir [ CTHEEARDENZTNORIZEGOFHMNESZ D5, TOHFFIE, flAAAH
struct_type IZK VEUETE 5. » 5 HOMEKIL, HlAAABEnewstruct (2 & D E
REND. HEERDZA VNI, HET-> IZED T 72 AT 5. A UNDBEEEROGE, ->
WZEXBHEIFIANTIZTE S,

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

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

[3] A->num
1

[4] A->den
2

[5] A;
{1,2}

[6] struct_type(A);
1

1;

2;

SR Section 6.7.1 [newstruct], p. 67, Section 6.7.3 [struct_type], p. 70

4.2.10 T FXFA
EARAOHEEZL LTI, RO LS BL00H 5.

o JMIEIERR,
X, R 0ERT. BREY I AR LTOEBEICHWS. HlxIE, 2/3 I3EHED2/3
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ZRT. BERE, ZHAREEIRZ EOEHE) ([3NEHARAARBDPHEI AT
5.
x+1 A~2xBxafo X/3
o TVUTVIADETDE
RZ MV ATH, VA NDERIZA VT 7 AZHAWEZEIZEIVEOEES. 1 VT
VI AZ0ODOHBESZLITERT S WO HUZEERRT ML, (75, VA NS,
XHIAVTYIAEDIFRILLEENTHS.
v[ol M[1][2]
o LLERTHRA
HELW(==), FEL LRV, RIND, <, =" «=") O 2 THEANH D, B2 o IEH
HED 1, 75120 ZMEICRED.
o P
A PRRR (&), EERFI(L 1) D 2 HER & BE(Y) BHEI N TV, HIFRIED 1,0
THhb.

o KA
BHONAESS TIT 5. Z0ED, BMiEE 7 L MAGDE TRFRAAZITIZ S
VC‘\% 5 (c_'_=77 L_=7’ 4*=77 L/=77 ca=7)

A=2 Ax=3 (ZNlT A=2a+3 EEAL; ZOMDEETERERK
o HBUITLUHIL
HBECH LU XD —FTHS.
o ‘47 ==t
INo X, BEOFIRIZOWT, ZNEIRD K S HREEE, 1z RT.
A++ {EIXTTD A DfE, A = A+1
A—- fEIXTTD A DIE, A = A-1

++A A = A+1, {EIXELEDIE
--A A = A-1, EIEIEEDE

4.2.11 7)) Fovv ¥
Asir DA —VSFEIXC SFEEZEELZHDOTHS. C ORHE LT, 7Y 7ut v Hcpp I
KB IUER, 77 ANDA VIV —=RBH BN, Asir ILBWTEI—YZFET 71
Dt AAAADBEcpp 23U THSHAALZ e Uz, 2L A—HZFET 7 1Lk
T#include, #define, #if R EDMHZ 5.
e #include
UNIX TlEA Y7 —=RIT7 740V Asit DF 4T 7VF 1L 27 M)EREE
#ASIR_LIBDIR THREIN/ZT 1+ L2 V) L#include BELNTWVWDE T 7 1)L
CEUTa4 VI MY EY—FF 5. UNIX PAATldcpp IZFRHIZHIEZE I W72,
#include DENPNTWVWE T 7 ANV ERUTALZ M) DAEY—FT 5.
o #define
X, CIzBlI2D 2 FABKIZHNWS Z LN TE 5.
o #if
/x, %/ WIZEBTAAY MIANFIZTERNDT, 7O T LDKEEDEZIAVNT
7 NS ABRZ, #if 0, #endif &S LfHFTH 5.
OB, ‘defs. W’ IHDEYTHEHRTHS.
#define ZERO 0
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#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_C

#define V_IN

#define V_UC 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))
COZY)7utyH iRl Tna7d, 7)) 7uky Hidg 2IEL KRBTSR, 72k
ZIXLIST AMEHR SN TV THLISTHIEBR I N\, $ DFTIZZEH%Z B\WTLIST $ L E»
RN E WD,

4.2.12 F 7 a VIRE
2A—PEZRBBDN ZHCEHS I NG5G, TORBUL, N ZHTOIFOHLOARTHFI N
5.

[0] def factor(A) { return fctr(dA); }

[1] factor(x~5-1,3);

evalf : argument mismatch in factor()

return to toplevel

REMBIBOBEEZ 21—V EFETHR L2 WEE, VAN, Bl5lE2HAWS Z L THREE 7

LR, IRDESIRED PO TVWHELHRETDH 5.
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% cat factor
def factor(F)

{
Mod = getopt(mod);
ModType = type(Mod);
if ( ModType == 1 ) /* ’mod’ is not specified. */
return fctr(F);
else if ( ModType == 0 ) /* ’mod’ is a number */
return modfctr(F,Mod);
}

[0] load("factor")$

[1] factor(x~5-1);

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

[2] factor(x~5-1|mod=11);

[[1,1], [x+6,1], [x+2,1], [x+10,1], [x+7,1], [x+8,1]]

2 HHDfactor() OFETHLIZEWT, BBEBRDOBRIZES I N/5 Hx"5-10% 5
IZ lmod=11 AYEPNT WS, T, BT, mod & WD keyword (Zxf L T11 &\
IMEEEDYTEHILEZEELTWS. Zhi A7y a VIBELIERIZ LIZT 5. ZODfA
lZgetopt (mod) THIV HITZ N TES. 1 FHOMTH LD & 5 1Zmod IZXT 24T 3
VIREN R WA ITIE, getopt (mod) FELERAIT-1 DA TV 27 bEIRT. ZHITL D, $E
ENZWVIGEOENER if XIZEXVERTES. ) OB, EEEOA T a vk,
TRYI>THRETLHILNTES,

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

X 5 T, & 7 ¥ a v %keyl=valuel,key2=value2,... O & 5 ;) T K
HoTEITMNbDOIZ, KHlZF—"7 — Noption_list & A4 7 ¥ a3 v VU A
N [["keyl",valuell, ["key2",value2],...] ZHWTET I LEHLARETH 5.

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

Rz, BIER L Dgetopt O 1FA TV a Y VA NERTDT, A7V aviz e 58805,
AT ave @B EFCHTEEICITAEHATSH 5.

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

4.2.13 YV a—)L

TAT T TERINT WAL, 28 % 71 7T 2{EMAHE Y 2 —)b(module) T
H5. ZUDIZEYa—NVEAWEZTB I L0062H T LS.

module stack;

static Sp $
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Sp = 0%
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"); popO;}i
Stack[Sp]l = A;
Spt++;
}
def pop() {
local A;
if (Sp <= 0) {print("Stack underflow"); return 0;}
Sp——;
A = Stack[Sp];
return A;
}
endmodule;

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

TV a—)litmodule €Y 2 — )% ~endmodule CTH . EY a2 — LT ANFIZIETE R
W, BV a—)VOHEIF TS KA EIstatic TEET H. ZOEKITEY 2 )L DA
D5IFBBHLTERVWLEES TER\. static BRI TR TOBBERDRIZES Lk
WEWIFRW, N=Y =BT VU RZAD7=H, BE DR WEAILHBENIZRATEE L AT
EMOTHD. BV a—IVDONDKIFEEH Lextern TEET 5.

EVa—- VAN TERT 2B Ilocalf ZHWVWTES LRWVWEWIFARW., EOf|T
ldpush pop ZHELTWVWE. ZOHESIIBHHTH 5.

£ Y 2 —)bmoduleName THiEF X N7z functionName % €Y 2 — )L DD 5 IEIRIT
|¥moduleName.functionName (513K 1, BIEK 2, ... ) BAFEANTLR. TV a— L DHH
S5, BBEZDATEI V. IROBITIE, EY 2a—LVDOHNDS5EY a—)bstack TEHEI NI
B #push, pop ZIFA TV 5.

stack.push(2);
print( stack.pop() );
2

EVa— )LTHWAEELIZREFRNTHS. DEDEY 2 —ILOARRDEY 2—)LT
EBINTVWBEBL ERIUALRIDFHTE 3.
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EVa— VBB KB S 1 725V OB EZBELTWD. 71477 ) ZRBEIZHU T
#ElE— N4 5121%, B#module_definedp Z W2 DAMER|THS. T~ Fu— Nik7z
EZIXIRD &SI R ZIER .

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

asir TIXEAEBDES IZIAETH o7z, UL UEY 2—)b stack DHlZ RNiEn 0%
X917, local A; WA ATHMEHZESTEZS. ¥—7—KRlocal ZHWA &, HE
RVER LS. BEREZAMNICTS L, HESNTHRVWERIID - FOEBETZI —%
T, BRELEDRATIAZIEZTFH LRV T 7TV, BEEHEZAEZLT
THT T LT BEDHRL.

EVaA- VAR EZDEY 2 - VPERINLANIIFOHT LS wBEHEE L &
WX, TOBEBOFTEY 2a—ILZ RO L7 24 TESLTELLEDNDH 5.

/* 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;
EVa—IVOHFNS by T U RVTERSIN TV EEZIEIZIE, FTOHIOLSIT::
ZHW5.
def afo() {
S = "afo, afo";
return S;
}
module abc;
localf foo,afo $

def foo() {
G = ::afoQ);
return G;
}
def afo() {
return "afo, afo in abc";
}
endmodule;
end$
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[1200] abc.foo();
afo, afo
[1201] abc.afo();
afo, afo in abc
Section 6.12.1 [module_list|, p. 82, Section 6.12.2 [module_definedp], p. 82,

Section 6.12.3 [remove_module]|, p. 82.

o
-0d
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5 TNv A

5.1 Tv LI
SHTHEMNZTO T T LDZDDT Ny Hdbx Ik, V—AL XLV TOTL—27HRA VK
DEE, AT v THET, ZEOSIL EDVRERIRII2T /Ny AT TH 5. Asir T3, dbx JAD
TNYHERABLUTWS. TNV ZE—=RIZASIZIE, by P N)VTdebug; & AT 5.
[10] debug;
(debug)
Z OAfth, IRDFHE, 5 WVIFRIMTT Ny T E—FIZAS.
o EfFH TV —I RV NMTELEGA
o HIDAATA ZERL GG
o EfihTI—%EI LA
DG, FEITOMGIERARETH 208, BEHD LTI — DN & 72 5 7z 2 — P E FHEX
DXERRUTCTNY TE—RNIIADSD, TIT—KHIB T 2EHDEEZSRTE, T
Ny TN T B I ENTES.
o error() NIPEUVHINHE

5.2 <Y ROf#H

a< Y RNiddbx DAY Y FONBER/NEDEDEFRMA L. HIZ, gdb DAYV N6 H
WL OWEFIZR S DEFEAL 72, EBROBEE Zdox & IZIXFBETH 503, step, next 1%, IX
DITTIIBRLIRD X% FATT B, fE> T, LIFITEBDO XD H 285518, TDXDE/Z T next
ZETLURITIEROITICHED 2\, 77, dbx L [ARk. dbxinit ZFHMAAL DT, dbx & [A
U alias 25 Z &N TE 5.

step RDXEEITTD. IRDXHPEHBEEL L E, ZTOEBUZAS.
next RDOX % FEITT 5.

finish BAEETHORBOETVR T LZRRTHOT Ny JE—FIZAS. #o
Tstep 2 FETLIZLAIZENTH 5.

cont

quit TNy TE— NS IRI, EfT ks 5.

up [n] ARy 7TV —L% 1 BB 8 2db5REn B) L2335, ZHitkb, FDOA
Ry 7 V—LIETHDEBDMEDSI, EENPTE 5.

down [n] AZXvZT7VL—L%1E0EIEn ¥ 560 B) T1H5.

frame [n] FIED LWV E & BHEFETHORBEZRRTS. 5l 8RHELE, AXY I T
— LB En DEDIZEHETSD. ZITARXY 7 7L —LDES & iXvhere IZ
FORRINBPECHLINZBEWT, LIHHIZRRINEBZSDI L TH 5.

list [startline]

list function
BUFEAT, £ 7=1dstartline, ¥ 7z 1d functionDGCEED S 10 17V — AT 7 1 )% KR
T 5.
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print expr

expr XK /RT 5.

func function

SR % function IZEET 5.

stop at sourceline [if cond]

stop in function
sourcelinefT H, ¥ 7z X function DEFEIZ T L — 2 KAV b 2R ETS. T —
JRA Y ME, WEPHEREINZGEEEBNICIOHEI NS, if P GE,
cond DYFHMI X v, ZNA 0 TRWEGEIZETHFWL, TNy JE—RNIZAS.

trace expr at sourceline [if cond]

trace expr in function
stop LA TH 5 75%, trace TlEHillexpr ZEKRTBDAT, TNy JE—R
I =YNCYAINE

deleten 7L —27HRA>bnZHE0DIHET.
status TV—O KAV D—E2ERT 5.
where BHAEDEILEETCONROCH LY 2R KT 5.

alias alias command

command (Zalias D% % 52 5.
print DF[FE LT, by TV RNVIIBITBIFLAETRTOAN NS, MWE I, Z2HO
NEDRKRDPETH DD, BEIZIGU TIRD KD BHENANTE 5.
o THOEEHZ
FATHFDT V=T FRA Y MZBEWT, ZHOMEEEHEL TEITZ M S B2 0WEE, IR
D &S BB IT AT L.
(debug) print A
A=2
(debug) print A=1
A=1 =1
(debug) print A
A=1
o EHHODFUHL
RBIFOH LSRN TH S5 5, print DF[ L LTENS.
(debug) print length(List)
length(List) = 14
ZOFITIE, Z2HList IZHAINTWVWAE Y A PDEIX %length) IZXDFFARTNS.
(debug) print ctrl("cputime",1)
ctrl("cputime",1) = 1
Z OB, FHERGRIC CPU RO X ROEEZ LishGak &I, GHRRPTT
Ny TE—RFPOEERTASILEZRLTWVS.
F7z, LG EETHEZGRR LR TNIER S RWES, T3y 7 E— N Sbsave() 72
QAR RIZLDRPREREZ T 7 AVITRETHI L HTED.
(debug) print bsave(A,"savefile")
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bsave(A,"savefile") = 1

TNy TE— RS DEPEIFOH U THERTANE Z &13, print D52 — YL HK
BOFUH L2 ELHE, ZORBITOH LTI I =0 Z - 5812t DB O FEST
MDA AREIZ R DG BNV HE LN L TH 5.

5.3 TN O

ZITIE, BEREBRMICGGREI 22— PERKBEH L LT, TNy TOEEOHEHE
ZRY.

% asir

[0] load("fac")$

[3] debug$

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

2 if ( 1X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6

7  end$

(debug) stop at 5 <—— TL—URA Y NDEE
(0) stop at "./fac":5

(debug) quit <—- TNV TE—RN%EKRITS
[4] factorial(6); <-- factorial(6) DMEUH L
stopped in factorial at line 5 in file "./fac"

5 return X * factorial(X - 1);

(debug) where <-—- TL—29RAYV NETORUHEL
DR

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

(debug) print X <-- X DEDKRT

X=6

(debug) step <—— AT v TEIT (HEIIAD)
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 <-—- TL—ORA4AV K 0 DBEE
(debug) cont <—- RITHkHT

720 <-- #ER = 6!

[5] quit;
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5.4 TN DO T 7 A )LD

BIZIBARTZE Y | Asir (&, FERFIZSHOME/ . dbxinit’ ZFiAAL. 2D 7 7 1 )ViX, dbx D
FEIFHYHPHREHDAT Y RETLBRLTBEL 77 ANV THBH, Asir 1E, alias F7DHA
ZiRild 5. R,

% 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

RBHEIWCED, print, cont R E, TNV TE—RIZBWTHEIZHWS NS 2~ Y KD,
ZNThp, c Y, HOXFIITRATES. £/2, TNV 7 E—NIZBWVWT, alias IY YV
NiZ & D alias DEIWTE 5.

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) c
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6.1 DA
6.1.1 idiv, irem

idiv(i1,1i2)

 BHREIZ L 5.
irem(i1,i2)

o BEREIC X A FIR.
return B
il i2 Eic3

o il Di2 IZXBEHBRFEIZL L0, FR%ZKRDS.

o 2130 TH-oTIERSAR.

o WIRBMEDGEG, M EIZN T 2MHIZY A FAZ DI -l % KT,

o il % i2 X, FERMPEIZERIEI NS Z L 2R ITIXiremn) ODRODIZHWD Z N TE
5.

o ZIHADEEILsdiv, stem 2 AW 5.

[0] idiv(100,7);
14

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

[1] irem(100,7);
2

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

SR Section 6.3.8 [sdiv sdivm srem sremm sqr sqrm|, p. 46, Section 6.3.10 [%], p. 48.

6.1.2 fac
fac(i) i DT,
return Lo
i T
o i DHETEEFHHET S.
o i MEDLHIZ0 ZKRT.
[0] fac(50);
30414093201713378043612608166064768844377641568960512000000000000

6.1.3 igcd,igcdentl

iged(i1,i2)
i D GOD (A AKIE)
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igcdentl([i])
2 BB GCD O 7L T X LGER
return B
ili2 i B
e iged i%il £i2 @ GCD %KD 5.

o HIBMEHTHRWGAIE, T7—F 723 MERAFRZIRT.

o ZIHADGGIX, ged, gecdz ZHWS.

o B GCD IZIFIFIELSGENDH D, igedentl T

0 Euclid AFRVE(default)

1 binary GCD

2 bmod GCD

3 accelerated integer GCD

2, 3 |& [Weber] 12X 5.
BBLRI VREHEEZDN, HINEDH 5.
[0] A=lrandom(10°4)$
[1] B=lrandom(10°4)$
[2] C=lrandom(1074)$
[3] D=AxC$
[4] E=AxB$
[5] cputime(1)$
(6] igcd(D,E)$
0.6sec + gc : 1.93sec(2.531sec)
[7] igcdentl(1)$
[8] igcd(D,E)$
0.27sec(0.2635sec)
[9] igcdentl(2)$
[10] igcd(D,E)$
0.19sec(0.1928sec)
[11] igcdentl(3)$
[12] igcd(D,E)$
0.08sec(0.08023sec)

SR Section 6.3.20 [gcd gedz], p. 54.
6.1.4 ilcm
ilem(i1,i2)
n BRANAERERD S
return B
il i2 i35

o i1, i2 DER/INAEEE KD B.
— D0 DEGE 0 ZRT.

34

[ ]
iR Section 6.1.3 [igcd igedentl], p. 34, Section 6.1.10 [mt_save mt_load], p. 36.
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6.1.5 isqrt
isqrt(n) = EAMEZBZ LVERKOEHZ KD L.

return JEE TN

n JEE B

6.1.6 inv

inv(i,m)  m Z2EETBEi DFH
return B

im I

e ia = 1 mod (m) 72 5%Ha 2RKD 5B,
o i EmIFAEWIIRTARTNIERSRNVD, inv() EZDF = v 73 ThR.
[71] igcd(1234,4321);

1
[72] inv(1234,4321);
3239
[73] irem(3239%1234,4321);
1
SR Section 6.1.3 [igcd igedentl], p. 34.

6.1.7 prime, lprime

prime (index)
lprime(index)

w BREIRT
return B
index B

e prime(), lprime() WINH VAT ADNIPITFHDOREMERDEFE %KY, index 1L 0
M EDEERT, BHEDOA VT v 7 AZHWSHNS. prime() 13 16381 £ TOEREE /N
T WIIEIZ 1900 f, 1prime ) &, 10 # 8 Hi TER KD ZREE A & K Z WIIEIZ 999 ik 7.
TNHNDA Ty 7 AT UTIE0 KT,

o LD R FEEKEKEL L UTIX, pari(nextprime,number) 7% 5.

[95] prime(0);

2

[96] prime(1228);
9973

[97] lprime(0);
99999989

[98] lprime(999);

SR Section 6.1.14 [pari], p. 39.
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6.1.8 random

random( [seed])
BB R KT B.
seed
return HARE
o XK 2°32-1 DIFEAEBOIELZ LT .
o 0 THRWBIEND D LI, TDfEE seed & UTHRELTH S, iLEEERT 5.
o default @ seed [XEED 72, FiZFHE LT L, £ S N B ELEORIIEE) 12
—ETH 5.
o MARE-PEN4H1:1Z & 5 Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)]
TNT)ALD, HOHBIZLEEEEZHA VTNV,
o JAMIE 2719937-1 LIEH IZE L.
e mt_save IZ K D state 7 71 il save TE 5. TN %mt_load TatARAL T &IT &
D, 825 Asir vy v a VT —DODEEDORINZWB Z N TES.

SR Section 6.1.9 [1random|, p. 36, Section 6.1.10 [mt_save mt_load], p. 36.

6.1.9 lrandom

lrandom(bit)

c BERELE R LR T B.
bit
return F AR

o [Ei%bit DIFEBIDEL % ERKT 5.
e random ZEHEIFOH L THAL, HHED bit RIZTXAZ L TWVW5.

IR Section 6.1.8 [random], p. 36, Section 6.1.10 [mt_save mt_load], p. 36.

o

6.1.10 mt_save, mt_load

mt_save (fname)

p BB SR DO BAEDREE 7 7 A VI —T T 5.

mt_load (fname)
D 7T A= T INEEBERBEDOREE D - RT 5.

return 0F7-131

fname el
o HLREEL—TL, TDOREAZT—RTEILT, ~DOELELERYZ, HiHD Asir
Ly arvTHITTRESZZENTES.

[340] random();
3510405877
[341] mt_save("/tmp/mt_state");
1
[342] random();
4290933890
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[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
SR Section 6.1.8 [random], p. 36, Section 6.1.9 [lrandom]|, p. 36.

6.1.11 nm, dn

nm(rat) : rat D731
dn(rat) : rat DRk
return TR F 72132 HA
rat BB E - IIEHA

o G5ZoN-AHEE-EHADHSTFRONREEZIKRT.
o BEHEDILGE, NEHIFEIZIET, X0 FH1FD.
o HHADLGE, BIZHR, NFE2WYOHTZIITHE. FHAITH LT, NoIEEIN
I ThbNR V. red) ZHRINIZFECHTHBERD 5.
[2] [nm(-43/8),dn(-43/8)1;

[-43,8]
[3] dn((x*xz)/(x*xy));
y*X
[3] dn(red((x*z)/(x*y)));
y
SR Section 6.3.21 [red], p. 54.

6.1.12 conj, real, imag

real (comp)
:: comp DEEE Y.

imag(comp)
:: comp DR

conj (comp)
it comp DIALE R
return comp
BRI
o HRBUTH U, FEIB, B, %z ko 5.
o INHIE, ZHAIZHLTHML.
[111] A=(2+@i)"3;
(2+11*@1)
[112] [real(A),imag(A),conj(A)];
(2,11, (2-11%@i)]
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6.1.13 eval, deval

eval(obj[,prec])
deval(obj)
:: obj DAEDFHAM.
return BH 5N IEA
obj — DR
prec B
o obj IZEENLHBDMEZ AIEEZRIR D FEAlid 5.
o deval [IMEMEIFH/NUEFER L U Teval OGS, HHBIIZOE 5K 5.
o eval IZBWTIX, FEIIMPFR 71 7 7 VDTS . deval (ZBWTIX, §H8I% C ¥
7475 OEEEHRNTITS.
o deval IFEFEBUIK AR\,

o eval IZEWTIE, prec ZF7E L7256, GHEIZ, 10 Eprec MifEE TITHN 5. prec D
BEDLWGG, BIERE I N TWERETITHN 5. (See Section 6.1.15 [setbprec
setprec], p. 40.)

WA DEBUL, ROBEY .

sin, cos, tan,
asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a"b)
o UTDEFEZHME LUTIMITES. 7272001 KA 5 Dieval, deval DATH 5.

Qi R BT

epi EIFES
Qe H AR B D K

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

1/2

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

SR Section 6.14.1 [ctrl], p. 84, Section 6.1.15 [setbprec setprec], p. 40.
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6.1.14 pari

pari(func,arg, prec)

: PARI O func ZEOHT.

return func HRIZHER 5.
func PARI D%
arg func D5
prec B

e PARI OEE %O T
e PARI [Batut et al.] I& Bordeaux KRETHBEINZI V-V 7 b7 LTAME

NTWVW5. PARI BB B HE2 A L TIXWA DS, £ X —7 v MIEBEBGIZH
L 7228 (bignum, bigfloat) D T, WHAIERIZ R & 9 bigfloat 12K 2 X F & F 22K
EDFHI % F#IZiT 5 22BN TE S, PARL IZMUDO T 07 I oY TN—F 547
FVELTHWAIZENTE, £72, ‘gp’ ELVWIPARIZT A TV DAV RT = —A|Z
IO UNIX D7 TV r—vave UTHHTAZLETES,

REDF | B prec TEIHENEEZIBETE 5. prec ZEM L 72 Hsetprec() THEL -
WELL5.

B CEITTE BPARI O ELEBIIRDEY THS. WINE 1 8518 TAsir 2306
TEHHDE % L 2 THD. FITTEHHBDE Y A BT asir-contrib @ ox_pari
RS- a7V EBRE RBELZDOBEEEICDOWTIZPARI DX = a7 L2 & BO 2 &.

abs, adj, arg, bigomega, binary, ceil, centerlift, cf, classno, classnoZ2,
conj, content, denom, det, det2, detr, dilog, disc, discf, divisors,
eigen, eintgl, erfc, eta, floor, frac, galois, galoisconj, gamh, gamma,
hclassno, hermite, hess, imag, image, image2, indexrank, indsort, initalg,
isfund, isprime, ispsp, isqrt, issqfree, issquare, jacobi, jell, ker,
keri, kerint, kerintgl, kerint2, kerr, length, lexsort, lift, lindep, 111,
111gl1, 11llgen, 1lllgram, lllgramgl, lllgramgen, lllgramint, lllgramkerim,
1lllgramkerimgen, 111int, 111kerim, 111kerimgen, 111lrat, lngamma, logagm, mat,
matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2, numdiv,
numer, omega, order, ordred, phi, pnqgn, polred, polred2, primroot, psi, quadgen,
quadpoly, real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal,
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

o Asir THWTWADIZPARI DIFAD—ERDOEFETH 5.

/*x THDOEBERY MLEKRDHB. */

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

[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]

/*x 1 ERZAADRERD D . +/

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

[ -1.41421356237309504876 1.41421356237309504876 ]

Section 6.1.15 [setbprec setprec]|, p. 40.
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6.1.15 setbprec, setprec

setbprec([n])

setprec([n])
:: setbprec, setprec (bigfloat DFFEZ TN E 4 2 #E, 10 n HiIZRET 5.

return B
n I
o SIBN D 554, biglloat DHiUEn HiHZHRET 5. 5IBOH 572 LIZHhHb 5T, AR
IZEREINTWIZMEZIKRT.
e bigfloat DFEIIMPFR 71 77 VIZ k> Tiibiv .
e bigfloat TOEIREIZN LA TH 5. bigloat D flag % on 123 5 SikilL, ctrl 2S5,
o FXETEBHIEUT ERRIFZR WA, FEE L7 E I N5 L IXR S W, KEHDME
ERETDHLDONLETHD.
[1] setprec();

15
[2] setprec(100);
15
[3] setprec(100);
99
[4] setbprec();
332
SR Section 6.14.1 [ctrl], p. 84, Section 6.1.13 [eval deval], p. 38.

6.1.16 setround

setround([mode])
:: bigfloat DD E— N Zmode IZHET 5.

return B

mode B
o SIED D 554, bigfloat DI D E— R Zmode IZHET 5. 5IEDH 57 LIZH DD
59, IANIZEREINTW/ZEZIET. ADE— FOEKRIFIXD L ED.

0 Round to nearest

1 Round toward 0

2 Round toward +infinity
3 Round toward -infinity

e bigfloat TOEIEIZX UERITH 5. bigloat D flag % on 123 5 fHikiL, ctrl 224,

[1] setprec();

15

[2] setprec(100);
15

[3] setprec(100);
99
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[4] setbprec();
332

IR Section 6.14.1 [ctrl], p. 84, Section 6.1.13 [eval deval], p. 38.

N

6.1.17 setmod

setmod ([p])

: ABRA%E GF(p) IZERET 5.
return B
n 2727 K D FEL

o HIRK%Z GF(p) ITERETSH. HEMZRT.
o HRARDTOMEZREOBIL, TNHHBIXEDARKIZET 200EMER7-7, BifEH
EINTWSEBp 12X D GF(p) ETOEBE M EAINS.
o [IEDKEZRARMKRIZEI U Tldsee Chapter 10 [ FRAKIZE S 2 E], p. 165.
[0] A=dp_mod(dp_ptod(2*x,[x]),3,[1);
(2) x<<1>>
[1] A+A;
addmi : invalid modulus

return to toplevel
[1] setmod(3);

3
[2] A+A;
(1) *<<1>>
SR Section 8.10.18 [dp_mod dp_rat], p. 135, Section 3.2 [ DE] p. 12.

6.1.18 ntoint32, int32ton

ntoint32(n)
int32ton(int32)
o IEEEEE L FT S0 U 32bit BB DR o R A M,

return 575 U 32bit B F 7= 1FFEE B

n 2°32 Al DI R
int32 FF572 L 32bit FEEX
o JEEEMGHRAIT 1) OFFF 72 L 32bit B GERA T 10) ~DEMH, /-3 DY LM%
115.

o 32bit B IXOpenXM DEEAREKEEZETH D, B ZEZ T DI TRET HRHEND 556
IZHWS.

SR Chapter 7 [D8XET&], p. 96, Section 3.2 [BDB] p. 12.
6.1.19 inttorat

inttorat(a,m,b)

o B MBERELTS.
return DANEIZO



Chapter 6: Hl A AEGEL 42

a
m
b B
o BE¥a IZX U, xa=y mod m % i 7= T IEFBEx, By (x, |yl < b, GCD(x,y)=1) &K

D5,
o ZDXIx, y WFET B 6 [yx] ZIBU, FAELBRWEAIZIZ 0 Z21KT.
e b %floor(sqrt(m/2)) L WMNIX, x, y EFETHIE—ETH 5. foor(sqrt(m/2))
ldisqrt(floor(m/2)) TEHATE 5.
[2121] M=1lprime(0)*lprime(1);
9996359931312779
[2122] B=isqrt(floor(M/2));
70697807
[2123] A=234234829304;
234234829304
[2124] inttorat(A,M,B);
[-20335178,86975031]

R Section 6.13.3 [ceil floor rint dceil dfloor drint]|, p. 84, Section 6.1.5
[isqrt], p. 35.

6.2 bit &

6.2.1 iand, ior, ixor

iand(i1,i2)

o bit Z& D and
ior(i1,i2)

= bit T2 D or

ixor(i1,i2)
: bit Z& D xor
return B
il i2 B
o BHil, i2 OMIKE%Z bit & ATHET 5.
o FIHORFFIXEHL, EADHEZ KT,
[0] ctrl("hex",1);
0x1
[1] iand(Oxeeeceececececececececee,0x2984723234812312312);
0x4622224802202202
[2] ior(0Oxa0ala0alalalalal,0xb0cObObObObOLOD) ;
Oxabacabababababab

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

i Section 6.2.2 [ishift], p. 43.
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6.2.2 ishift

ishift (i, count)

:: bit shift
return B
1 count B

o B DMiIEZ bit 51 & AT shift 5.
o i DY FIXEML, FEADMEZIKRT.
e count MIE7 & (X4 shift, B2 5I1X/E shift 2475 .
[0] ctrl("hex",1);
Ox1
[1] ishift(0x1000000,12);
0x1000
[2] ishift(0x1000,-12);
0x1000000
[3] ixor(0x1248,ishift(1,-16)-1);

o

7

& Section 6.2.1 [iand ior ixor]|, p. 42.

Ny

6.3 ZIHA, AEADHEHE

6.3.1 var
var(rat) :: rat D EEH.

return ARETT
rat HHL
o EZABUTEHL TIX, See Section 3.1 [Asir THAHFIHEZE], p. 10.
o 774N MDEKIETIFIRD LS IZHRoT WS,
X,y,2,4,V,W,p,q, T,S,t,a b, c,d e f gh i j,k 1,mn, o MRIFEHDE N

JIEL.

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

X

[1] var(axbxckxdx*e) ;

a

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

abc
SR Section 6.3.7 [ord], p. 46, Section 6.3.2 [vars], p. 44.
6.3.2 vars
vars(obj)

2 obj ILEENBEZEHDY A .
return )2k
obj IE=\
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o GZOoNRITEETNEIELD) AN %EIKRT.
o ZHIEFDENDH DD SIEIZAANRDS.

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

[x,y,al

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

[abc,xy,efg]

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

[x,y,z]

IR Section 6.3.1 [var], p. 43, Section 6.3.3 [uc], p. 44, Section 6.3.7 [ord], p. 46.

n

&%

6.3.3 uc
uc() v ORERBIEDT-ODRETLELEKT 5.

return vtype 7 1 OARETT

o uc() ZFEIFTTH-NT, 0, _1, _2,... WO RETEERTS.

o uc() THMINZAETLI, EEF—FKR—-F2SANTEIENTERWV. ik, 7
0275 AR CTREREE BEERT 256, ANNREIZEENEIARETLLR—DEDN
EHREINDZ e x2i<7zdTH5.

o JHE DAEIC(veype D 0) DHBJERKIZ Zrtostr (), strtov() ZHW5.

o uc() THEMRINEZAETLDOAEITLE UL TOR (veype) X1 THS. (See Section 3.3 [
EILDR] p. 15.)

[0] A=ucQ);

_0

[1] B=uc(Q);

1

[2] (ucO+uc()"2;
_272+2%_3%_2+_372
[3] (A+B)"2;
_072+42%_1*x_0+_172

SR Section 6.8.3 [vtype|, p. 72, Section 6.10.1 [rtostr|, p. 74, Section 6.10.2
[strtov], p. 74.

6.3.4 coef

coef (poly,degl,var])
:: poly Dvar (BIERHEZFEZE) 2B 5 deg IRDLRE.

return ZIHA

poly E2E

var RRE TG

deg HREL

e poly Dvar \ZBT Bdeg IRDREZEHIJ1T 5.
o var |, AT % & EZEMvar(poly) 7Z&ARINS.
o var MWEL TRV, var BNELBOHEITHIL THEVES 5.
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[0] A = (x+y+z)~3;

X7 3+ (3*y+3%z) *x "2+ (3%y " 2+6%z*ky+3%2"2) *x+y " 3+3*z*y " 2+3%z" 2%y+z" 3
[1] coef(A,1,y);

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

[2] coef(A,0);

YT 3+3*kzky " 2+3%z" 2%y+z" 3

SR Section 6.3.1 [var]|, p. 43, Section 6.3.5 [deg mindeg], p. 45.

6.3.5 deg, mindeg

deg(poly,var)
it poly D, Z¥var (ZBH9 2 Bk,

mindeg(poly, var)
it poly @, Zfvar \ZBT % H/KIRE.

return H REL
poly ZIHA
var NRETC

o GAONLIHADE K var 12T 2 mikE, BRI 2z 14 5.
o Zfflvar #EMT 5T LTk,
[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)

= rat OBIERNDOIE.
return H 3R %
rat A

o ZIHAZEMUIRETD 0 TRWRBZFOHRIHADOHKZ KD 5.
o AHAXDGE X, BT L ARHOEBOHIEINS.
o KUY A (Section 3.3 [NEITLDHEL], p. 15) I&, I MM TH > TELHIHLE ARIND.
(1 fEDOAETLLFL. )
[0] nmono((x+y)~10);
11
[1] nmono ((x+y)~10/(x+z)~10);
22
[2] nmono(sin((x+y)~10));

i Section 6.8.3 [vtype], p. 72.
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6.3.7 ord

ord([varlist])

 BRNET DFRE
return BEDY A b
varlist ZHRDY A b

o SIBNHBLE, BIBMOEHY A MELIHITHU, RO OEBNZDOHITH S LD ITE
BE 2% ET 3. 5IBOH B UIZED ST, ord) O THRHZ BT 22 8EF ) A
b %K.

o ZONKIZLBEHEFDEEZITH>TH, BEIZ 70T I LB EIZRAINT WS
KON RNLH U WIERIZHE > TIEEHE I DRV, [>T, ZOKRBUZ X BEHFDE
HIX, Asir DEBNERE, D2 W0VIE, iR B BPENZRRIZITONERETHD. £
MBERIERDE & TERINZANE S LOEENTbN-5GE, THEOERNET
52HH01ES.

[0] ord();
x,y,z,u,v,w,p,q,r,s,t,a,b,c,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,_z,_u,_v,
_w,_p,_9q,.r,_s,_t,_a,_b,_c, d,_e,_f, g, h,_1i,_j,_k,_1,_m,_n,_o,
exp(_x), (Lx)~(_y),log(_x), (_x)~(_y-1),cos(_x),sin(_x) ,tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x) ,sinh(_x) ,tanh(_x),

(Lx"2+1)7°(-1/2) ,(_x"2-1)"(-1/2)]

[1] ord([dx,dy,dz,a,b,c]);
[dx,dy,dz,a,b,c,x,y,2,u,v,w,p,q,r,s,t,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,
_Z,_u,_v,_w,_p,_.q,.r,_s,_t,_a,_b,_c,.d,_e,_f,_ g, h, i,_j,_k,_1,_m,_n,
_o0,exp(_x),(_Lx)"(_y),log(_x),(_x)"(_y-1),cos(_x),sin(_x) ,tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x),sinh(_x) ,tanh(_x),
(Lx"2+1)7°(-1/2),(_x"2-1)"(-1/2)]

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

sdiv(polyl,poly2[,v])
sdivm(polyl,poly2,mod[,v])
:: polyl Zpoly2 TEIZRANRBEE CEITTEILHITHERDS.

srem(polyl,poly2[,v])
sremm(polyl,poly2,mod[,v])
:: polyl Zpoly2 TEIZRENRBEE CRITTE LA ICHEHAREZ KD 5.

sqr (polyl,poly2[,v])
sqrm(polyl,poly2,mod[,v])
i polyl % poly2 TH|BDMRENEEZE CTHEITTEHHEI2H, Rz kD 5.

return sdiv(), sdivm(), srem(), stremm() : ZIHX, sqr(), sqrm() : [FE,ER] 45

JESY

polyl poly2
E2LE

v ARETT

mod 8
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polyl % poly2 O FZHvar(poly2) ( 5I1Ev BH 25GEITEv) ICBET2LHA L AT,
poly2 T, BIDE %2475
sdivm(), sremm(), sqrm() 1% GF(mod) L CFHET 5.
ZIHADORER, FRBES LoFRIZLVBONLEE, FEBOE YL 2 FEOM
% poly2 \ZHMT T, polyl 255 < &\ #fE% polyl DIRE D poly2 DIRELE /NS
7B ETHVIBRLTITS. ZO#HED, ZHADOHFANTITLONS DI, EAT
Y FIZBWTERBME S LORED, ZIHANE UTORRTHLIMBENDHD. ZHD,

PRADVREETERITTES] ZLDOREKRTHS.
BRI 728556 & U T, poly2 D FBREN, BEETH 556, 5\, poly2 Hipolyl
DHRFTHZZDVDRoTWIHERENDHS.
sqr () (&7 & FIRZ FIRHZ KO T2 WIRFHIZHWS.
BEHERBE O, FlRILidiv, irem Z W 5.
FREUTN S B RIREFILY, 2 WS,

[0] sdiv((x+y+z)~3,x"2+y+a);

X+3*y+3*z

[1] srem((x+y+z)~2,x"2+y+a);

(2%y+2%z) *x+y~2+(2xz-1) *y+z"2-a

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

X3+ (-y-2) *x" 2+ (~y " 2-2%z*y-z"2) xx+y " 3+3%z*y " 2+3%2"2%y+2"3

[3] Y=(x+y+z) 2% (x-y-2);

X734+ (y+2) *x "2+ (-y " 2-2%z*y-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

SR Section 6.1.1 [idiv irem], p. 33, Section 6.3.10 [%], p. 48.
6.3.9 tdiv

tdiv(polyl,poly2)

:: polyl Mpoly2 TEIDYINBENE D RS,

return H I B2 5 X, Bl o vz hiXo
polyl poly2

ZIHA

e poly2 Wpolyl 2ZHAL UTHEHIDEIE0nE S NHARS.
o HEHELZHANHMNKNTFTHBZ LIXDONRo>TWVWED, TOHEHEEN DN SRWIGEIZ,

tdiv() ZAEORUIERZ LIZ K D EHEENDOPS.
[11] Y=(x+y+z) "5x(x-y-2z)~3;
KT8+ (2%y+2%2) *x " T+(—2%y " 2-4xz*y-2%z"2) *x "6
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+(=6%y~3-18%z*y 2-18xz"2*y—-6%z"3) *x"5
+(6*y~5+30%zxy~4+60%2" 2%y~ 3+60*2" 3xy " 2+30*z " 4*y+6%z"5) *x "3

+(2%y " 6+12%z*y " 5+30%2" 2%y 4+40%z " 3%y " 3+30%Z"4xy " 2+12%2 " B5ky+2%2"6) *x"2
+(=2%y " T-14%z*y~6-42%z" 2%y " 5-T0%z" 3%y~ 4-T0%z"4*y~3-42*z"5*xy~2
—14%z~6%y—2%2z"7) *x—y " 8-8%zxy " 7-28%z" 2%y~ 6-56%2" 3%y " 5-70%z"4*xy~4
—56*z"bxy~3-28%z" 6%y 2-8*z " 7*xy-z"8

[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);

[13] I;

5

o
-od

Section 6.3.8 [sdiv sdivm srem sremm sqr sqrm|, p. 46.

Ny

6.3.10 Y%
poly % m = EEIZXSEIR
return M F 72132 HN
poly TR F 72 1B UR L T
m L
poly DEFREZm TEI > 7ZRIRCESMAZZIHAZIRT.
FEROBBUIIETIEOBERE 2 5.
poly IZEEHTH L\, ZDHGE, MRV EIZEFILINDG Z L 2T IEiren() & [HER
WZHWB Z N TE 5.
poly DFREL, m L HEHTHHMENH BN, F v 73 T7Hhbhiaw.
[0] (x+2)°5 % 3;
XT5+XT4+x T 3+2%xx T 2+2%x+2
[1] (x-2)°5 % 3;
X"B+2*x74+x " 3+x 7 2+2*%x+1
[21 (-5) % 4;
3

[3] irem(-5,4);
-1

o

iR Section 6.1.1 [idiv irem]|, p. 33.

v

6.3.11 subst, psubst

subst (rat[, varn,ratn]*)
psubst(ratl[,var,rat] )

i rat Dvarn (Zratn ZfAA(n=1,2,... TEP SHIZIEIRIRAT B).
return AHA
rat ratn A

varn ARETT
o AHXDREDAEIIZ, E-H D WIFLHNA, FHALREZRATIDIZHNWS.
e subst(rat,varl,ratl,var2rat2,...) &, subst(subst(rat,varl,ratl),var2;rat2,...) &[FU
HETH 5.



Chapter 6: Hl A AEGEL 49

6.3.

AT DL SMEIZARAZ IRV IR T 7201, ATDIEIZ & > TRERDVED S Z WD 5.

subst() &, sin() 72 & DR D 518U hjd’b'C%ﬁ)\%ﬁ5 psubst() &, 2D LD
W —DDOMI U AETLE R U T, ZDFHUTIFARA iﬁbﬁb\ (partial
substitution D2 % D)

Asir TiE, HHADKMEHEBIZIZTO R W20, BEROMR AL, B Lt FEREH
O)iﬁﬁj(%m%i_ THERH L. FHAZNRAT 5612, FEIZIE U7 E OB
EENT, AR DEE, B TPRELKBOBRVEIICHET I B UIXLIENBELE
5.

N ENRAT 2L EEFAKTDH 5.

substD 5[ &ratH3V A b EF] 175,52 WD ERHRLTERTH > 255121, ThE
BEF /IR ﬂbfﬁ'}ﬂ?ﬂﬁ IZsubstZ217D.

[0] subst(x"3-3*y*x~2+3*xy~2*x-y~3,y,2);
X"3-6%x"2+12xx-8

[1] subst(e@,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,7,%);

x"4

[4] subst(x*y~3,y,X,X,y);

y 4

[5] subst(x*y~3,x,t,y,%,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

12 diff

diff (rat[,varn]*)
diff(rat,varlist)

o rat Zvarn & 5 \MEvarlist D DB TIEIREND T 5.

return =

rat

varn

AHAREFHREZEATS LWV)
ANETT

varlist RELDY A b
o S5 ONT-WEHE%E varn B B\ Lvarlist D OZEETIERIND T 5.
o EMOARELEY, EIZWMA LTV, DFE D, diff(ratx,y) I, diff(diff(rat,x),y)

EHUTHB.

[0] diff((x+2*y)~2,x);
2%x+4*y

[1] diff ((x+2*y)"2,x,y);
4
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[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 (polyl, varn]*)
ediff (poly,varlist)
i poly % varn & % \MEvarlist DD TIEIRA A 7 —A T 5.

return % IH 2

poly E25E
varn RETT
varlist REITLD Y A b

o KMOARETEY, IHIZAA T =ML TWL. DF D, ediff(poly,x,y) &,
ediff(ediff(poly,x),y) E[EAIUTH 5.
[0] ediff ((x+2xy)~2,x);
2%x72+4%y*x
[1] ediff ((x+2*y)~2,x%,y);
dxy*xx

6.3.14 res

res(var,polyl,poly2[,mod])
:: var \ZBH9 B polyl & poly2 D#&4E.

return EZ5E
var ARETC
polyl poly?2
EZ5E
mod ES4

o “DODZHApolyl &poly2 O, ZBvar ILHIT B E KD 2.
o WHBRERT VTV XAICLB,
o 51Bunod %1% 5, GF(mod) ETOFFELTS.
[0] res(t,(t"3+1)*x+1, (£°3+1)*y+t);
-x"3-x"2-y"3
6.3.15 fctr, sqfr

fctr(poly)
i poly ZBERIIK-FIZ0 9 5.

sqfr(poly)
:: poly IR fRT 5.

return ) A b
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poly AHBREDZIHA
o HMBURBDLZIHApoly # N DT 5. fctrO IXBMIAN TR, sqfr O XS
[R5 43 it

o FERIX[[BFRE ] [RF ELRE]...] RDY A,

o HRH L2 TORF EERE OB A poly &FEL .

o BUREIZ, (poly /BURE) 75, BEURECT, IRED GCD 251 L5 5 & 5 BSHRIA

% LD ITEIENTVS. (ptozp() BIR)

[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%z) xx+9xy " 2-3xzxy+z"2,1] , [3*xx+3*y+z,1]]
[2] A=(at+b+c+d)"2;
a” 2+ (2xb+2*c+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 " 2xx " 2+y " 4d*xx+y 4
[5] sqfr(A);
[[1,1], [x+1,1]1, [-x"2+y~2,2]]
[6] fctr(A);
[[1, 1] ) [X+1, 1] ) I:_X_Y32:| ) [X_y’z]]

iy Section 6.3.16 [ufctrhint], p. 51.

o

6.3.16 ufctrhint

ufctrhint (poly,hint)
n IRBUE IR E W2 1 282 I 0 R il
return J A b
poly EHBGRERD 1 BHEIEA
hint H SR EL

o HZWLHIN T DIRE D hint DIEETH 5 Z L B> TWBEE IZpoly DEERIH T4
fRzEfctr() K ORIEE LTS, poly 2%, d IRDIERK LB 2 HE5LHAD /)L
2\ (Chapter 9 [REFUBUZEET 2], p. 153) THEE S TH 256, SR T OIREL
ld OB L5, 20X RGAEICHVLNS.

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

t°9-15%t"6-87+t"3-125

Omsec

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

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

980msec + gc : 250msec

[12] sqfr(W);

[[-1,1], [x"81-1215*x"78+567405%x~75-139519665*x~72+19360343142*x"69
-1720634125410*x"66+88249977024390*x~63+4856095669551930*x~60
-1999385245240571421*x"~57+15579689952590251515%x 754

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

20msec

[13] fctr(N);

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

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

167.050sec + gc : 1.890sec

[14] ufctrhint(N,9);

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

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

119.340sec + gc : 1.300sec

SR Section 6.3.15 [fctr sqfr], p. 51.
6.3.17 modfctr

modfctr(poly,mod)
AR BT oL IHADRNE SR

return A b
poly BERRB DL HN
mod H SR EK

o 2729 RKiii D HARMmod %I & T 2R K ETLIHApoly ZBENIRFIZHET 5.
o FEEIL[[BREL) BT ERE],..] 25U X b,
o R L2 TORF-ERE OFDpoly LEL .
o KRELNMHMER DAEMRAK LR RIZIEZEctr_£f ZH\W 5. (Chapter 10 [HRK
B9 5 #], p. 165,5ee Section 10.5.16 [fctr_ff], p. 174).
[0] modfctr(x~10+x~2+1,2147483647) ;
[[1,1],[x+1513477736,1], [x+2055628767,1] , [x+91854880,11],
[x+634005911,1], [x+1513477735,1], [x+634005912,1],
[x~4+1759639395*x~2+2045307031,1]1]

52

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

i Section 6.3.15 [fctr sqfr], p. 51.
6.3.18 ptozp
ptozp(poly)
i poly % AHEUE U CEBBRBZHAIZT 5.
return % IH A
poly E2TE

o 5A6N7=ZIHApoly 1Zi# Y B HEBUZHNT T, BELED DHEED GCD 11127
5&51295%.

o EDOMAIHE L, B OFEFEIZIR U TEBWZO, fx DL IHAFHBEOFIC, ZHA
ERBLBBIZUTBES ZEREE L.

o HHMAZMDT dred) THEMMBAEHNZHT L TH, 2 FLHADBRBUIAHBD
FETHY, FHADS T2KDZum() T, 2EHREZEHNL, 2 E8RED LD
THAOIND 720, ELIZEBREZIHA 252 HiF kL.

o A7 a Y factor WRESINLGEDRDMEIXY A Mg THD. ZITc lFHHE
THY, g A T arvDRWVIGEDRERVETH D, poly = ctg 72 5.

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

6*x+5
[1] nm(2*x+5/3);
2*x+5/3
SR Section 6.1.11 [nm dn], p. 37.

6.3.19 prim, cont

prim(poly[,v])
;1 poly DJFIEHIER S (primitive part).

cont (poly[ v])

:: poly D% (content).
return poly
A ERGRENZ THA
v RRETT
e poly DELK (518 BdH 5 Iv) IZBY B IR D, AR ZKRD S,

[0] E=(y- z)*(x+y)*(x-z)*(2*x y),
(2%y-2%2) *x" 3+ (y"2-3*%z*y+2+272) *x "2+ (-y " 3+27 2%y ) xx+2z*y " 3-2" 2%y 2
[1] prim(E);
2xx "3+ (y-2%2) *x" 2+ (-y " 2-z*y) *x+z*y "2
[2] cont(E);
y-z
[3] prim(E,z);
(y-2z) *x-z*y+z"2
i Section 6.3.1 [var], p. 43, Section 6.3.7 [ord], p. 46.
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6.3.20 gcd, gcdz

gcd(polyl,poly2[,mod])
gcdz (polyl,poly2)
o polyl & poly2 @ ged.

return E2 =V

polyl poly?2
ZIHA

mod 8

o “DODLIHADIRARAMN(GCD) ZKD 5.
o gcd) IFAHBUK EDZIHAEL LTD GCD 2K . 34bb, RIFBELKKT, »
DHRED GCD 11275 X5 BLZHA, £7213, EWIZRDOGEIX 1 2KT.
e gcdz() &polyl, poly2 & HIZEBRBDLGEIT, BHBER EOZIHA L LTD GCD %
RS, TROE, gcd) DIEIZ, FREEIKRDEI GCD DEZ#HIF 72 D 2IKT.
o 5[#mod 7¥dH 5, gcd() 1% GF(mod) ETD GCD %#iKT.
e gcd(), gcdz() Extended Zassenhaus 7V 3V A ALIZ & 5. ARIEK ED GCD 1% PRS
TITYZXLIZE2TWBZD, KERME, GCD 28 1 OEAREITBE W TRIERIE .
[0] gcd (12*(x"2+2*x+1) "2,18* (x"2+(y+1) *x+y) "3) ;
X" 3+3%x72+3*%x+1
[1] gcdz(12%(x"2+2%x+1) "2,18% (x"2+(y+1) *x+y) "3) ;
6*x”"3+18*x"2+18%x+6
[2] ged((x+y)*(x-y) "2, (x+y) "2x(x-y));
x"2-y~2
[3] gcd((x+y)*(x-y) "2, (x+y) "2x(x-y),2);
X" 3+y*x"2+y " 2xx+y "3

i Section 6.1.3 [igcd igedentl], p. 34.
6.3.21 red

red(rat) :: rat 20 L7=HD.
return VEREIEY

rat BHA

o Asir IZFHEHBOMD ZFHIZHBMIZITS. UL, HEAUTOWVWTIZEDIXIT O D, #
DFI—F—BHEELEWVWEIITHLEREW. 20N %E2175 37 Kddred TH 5.

e EZGCD (2 &k Drat D1, nE%EHN2T 5.

o HHINBZEHRNDSRDOLIHNIL, £45RED GCD ¥ 1 OBBUREZIHATHS. 2
FATDWTITBBSR L THA L 725 L IXRE S 2.

o GCD IFREHEWHALD T, D HIETHRIT 2 ILENRFITARELRROBR DBLEE L
W F O A TAKREL RS THSDZ DEBMOIEOH UL, JE5 I B AH 2
BEML W, FHAEEZTOLAE, HOEEHBIZ, WD E2ITOMBERD 5.

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

x"2+x+1

[2] red((x"3+y~3+z"3-3*x*xy*z)/(x+y+z)) ;
X2+ (~y-2) *x+y " 2-z*y+z"2

[3] red((3*xxy)/(12%x"2+21%y"~3%*x)) ;
(y)/ (4*x+T*xy~3)

[4] red((3/4xx72+5/6%x)/(2*y*x+4/3%x)) ;

(9/8*x+5/4) / (3xy+2)
i) Section 6.1.11 [nm dn], p. 37, Section 6.3.20 [gcd gedz|, p. 54, Section 6.3.18
[ptozp], p. 53.

6.4 —ZEHLHEADHEA

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

umul (p1,p2)

umul_£f(p1,p2)

2R % TR D i il e B

usquare (p1)
usquare_ff (p1)

n —RBBIHAD R 2 R

utmul (p1,p2,d)
utmul_ff(p1,p2,d)

n RS HAD @R R (15 Y h RBERE)

return — 2B IHN
pl p2 —ZREIHA
d FEEBIK

—EHLTHADOFERZ B U THREZTILIT) AL ZHWTHEEIZITS.

umul (), usquare (), utmul ) 13FRELE BE L R LT, BEURBDOLIHA L U THEZ K
D 5. REDERA GF(p) DItDHE T, REIL 0 ML Ep KiFOBE L A3 hsd.,
umul_££ (), usquare_ff (), utmul_£f () &, REZAGRIEDTLE RARL T, ARIEK ED
ZHANE U THZERD S, 272U, 51D ER DL G, BEBREDOLIHAZIKRT
BELHHDT, TNSZEOH U ZERIERIKMBRETH S Z & 2 HGET 5720121
HON U Hsimp_££() THREAZARADIGIZEBRL TELS & L.

umul_f£f (), usquare_f£f (), utmul_££f() &, GF(2°n) RBDOLIHKX Z 5[ BUZH RN,

umul (), umul_££f () DAEHRIEpl, p2 OFE, usquare ), usquare_ff () DFEHRIIpl D 2
3, utmul ), utmul_££() DFERIIpI, p2 DFED, d IREAFDE D L 74 5.

WIN D, set_upkara() (utmul, utmul_ff (2D Tldset_uptkara()) TR I N5l
AR OREUZHR U TRl OEFILAD L, set_upfft() TRINBHEEL N DIREL
2% U T lid Karatsuba %, 1A ETIX FFT 8 K OHEEREHEPH VWSO NS, 74
HH, BEIZHT S FFT Tldal, +492 <D 1 7— NBNOEMI 2 HEL, pl, p2
DR %EmMI TH-7-ROL LSOO %, FFT TetA L, HBICHEREREH TS
S5, DR, AR OBEEBIC B \WTIE, SBICEEAEZ RTIETKBEOREIR %
FHET 5H, 2 Z Tl Shoup I2& 5 bV v 7 [Shoup] ZHWTHEHHILL TH 3.
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[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)$
Osec(0.001422sec)

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

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

7.77sec + gc : 8.38sec(16.15sec)

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

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

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

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

[186] deg(utmul_£ff(A,B,100),x);

100

SR Section 6.4.3 [set_upkara set_uptkara set_upfft]|, p. 57, Section 6.4.2 [kmul
ksquare ktmul], p. 56.

6.4.2 kmul, ksquare, ktmul

kmul (p1,p2)
n —EBEIHAOE#EREA

ksquare(p1)
n —ARSHAO R 2 T

ktmul(p1,p2,d)

22 A D SRR (5T b Y] 0 IRBUERE)
return — 2L IHA
pl p2 — 2L A
d FEEER

o —ZERHZIHADRER % Karatsuba {ETI79.
o FARMIZ I Fumul & FRR7ZHD, IREIDIKE L Lo TH FFT 2 Wz mdbidfrb .
o GF(2™n) REDLIHAIZEH WS I LN TES.

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

1

[34] setmod_ff(defpoly_mod2(160));

x7160+x"5+x"3+x72+1

[35] A=randpoly_ff(100,x)$
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[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])
o 1 BREEROMEFZIZE TS N2 |, Karatsuba, FFT 7L 3 ) XL DY)E
A DRERfE

return BEINTWSIE

threshold FEEEEE
o VING, EHSHAOMOHFIBY 5, 71T ) XLYBAOMIEERET 5.

o ﬁ%ﬁﬁ@ﬁizﬁ&NﬁmémﬁlfiL%®N27ijXﬁ R D
fﬁ@mmma7w:UzA;k%m @FWFT»:UZAT#ﬁéM% Z D]
BZDIEREST SH.

o FHEMIE, TNTNORBEBDIHZ SO Z &.

Z R Section 6.4.2 [kmul ksquare ktmul], p. 56, Section 6.4.1 [umul umul_ff
usquare usquare_ff utmul utmul_ff|, p. 55.

6.4.4 utrunc, udecomp, ureverse

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

LIRS % B fF
return —ZBEIHAD 5N E—LBHEZHADY A b
p — R EIHA
d TR

o p DEHE x &T5. 2D Ep=pl+x~(d+1)p2 (pl DIREIZd PAR) &R TE 5.
utrunc() l&pl ZK U, udecomp() 1&[pl,p2] %K.

o p DR ze U, i RO % pli] & T1IE, ureverse() (Eple]+ple-1]x+... iR,
[132] utrunc((x+1)°10,5);
252*%x"5+210*%x"4+120%x " 3+45%x"2+10*x+1
[133] udecomp((x+1)~10,5);
[252*x"5+210*x"4+120%x " 3+45%x " 2+10*x+1 ,x"4+10*%x"3+45%x"2+120%x+210]
[134] ureverse(3*x~3+x"2+2%*x) ;
2%x"2+x+3

SR Section 6.4.6 [udiv urem urembymul urembymul_precomp ugcd|, p. 58.
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6.4.5 uinv_as_power_series, ureverse_inv_as_power_series

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

o BN W L AT, WionEtRE

return —BR%IHN
p — LA
d FEFRIY

e uinv_as_power_ serles(p,d) &, EBUEN 0 THRWEIHAp (T8 U, pr-1 OmAKIREL
Md+1 L EIZ2 5 k5 eE~ad (k@%lﬁ_ﬁr ZRDD.

e ureverse_inv_as_power_series(p,d) &p D% e &9 5L &, pl=ureverse(p,e)
2%} U Cuinv_as_power_series(pl,d) ZalH T 5.

e rembymul_precomp() DF[E & UL THWBH5E, ureverse_inv_as_power_series()
DIERELTDEEMND I LNTED.

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

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

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

x710+x79

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

[129] ureverse(A)*R;

-x"6+1

=} Section 6.4.4 [utrunc udecomp ureverse|, p. 57, Section 6.4.6 [udiv urem
urembymul urembymul_precomp ugcd|, p. 58.

6.4.6 udiv, urem, urembymul, urembymul_precomp, ugcd

udiv(pl,p2)
urem(pl,p2)
urembymul (p1,p2)
urembymul_precomp (p1,p2, inv)
ugcd(p1,p2)
—ZBLZIHADRE, GCD

return — L IH N

pl p2 inv —ZEHLIHEA
o —ZEHZIHADPIL, p2 12X L, udiv (XP4, urem, urembymul IEFEIR, uged 1 GCD %K
T. TJI’LVB &, B —ZREHAIIN T 2 Ed b 2X>72bDTH 5. urembymul I3,
JZE)%J?]%JF%%: p2 DEAEE UTOW AL LU, BE 2 AIZESHZ -
0)1, REDIKEVGEIZAERITH 5.
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e urembymul_precomp &, EE I NZLHAIZ KD FIRFHBEZLHITO LA E IR
ZRAET S, 53 518K, B S5 DU Dureverse_inv_as_power_series() (2 & D EME
LTHL.

[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)$

0.11lsec + 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)

z B Section 6.4.5 [uinv_as_power_series ureverse_inv_as_power_series|,
p- 58.

6.5 ) A NDHE

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

car(list)
i 22T\ ist DSEIHEEEE,
cdr(list)
i BT\ st DO BHHERZ RO FRWZY A b,

cons(obj,list)
2 list DYEHHIZobj Z AT IMA7ZY A b,

append(listl,list2)
o list]l Zlist2 % ZONAIC 1T DT U7z A b,

reverse(list)

o list ZWNEIZ U2 A B,

length(list|vect)
o list DR, £7zdvect DR .

return car) : fE&, cdr(), cons(), append (), reverse() : Y A b, length() : AR
44

list list1 list2
DRV

obj IE=\
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o U X M&lobjlobj2,..] LRI N5B. objl WEHEEFETH 5.

o car() &, TR WIist DEIHERZZ LT 5. 22V A MNP ADINZLER, 228 A B
NI hs.

o cdr() I&, ZE TR\ Iist PO EIHERZMORWZY A M2 T 5. 22U A SR AT
INHEE, B A MNPHIEINS.

e cons() &, list DYEEHIZobj ZFIFMAZY A N2 1T 5.

e append() I, list] DEFE L list2 DTN TOELEEFELS I/ Y A Mlist] DELEOD:
W list2 DEFZOWL] 2 H11T 5.

o reverse() &, list ZHEHIZU7ZV AN Z2HJ1T 5.

e length() I, list £7zldvect DRI {13 5. [THOERDMEEBUZL, size() ZHW
5.

o VANMNIHAHLERT, EEZDOANEZIXTE .

o VAMDn HHDEROHRY HUIE, cdr(O Zn FEA L 7zfécar() Z2EHAT S I &I
K OARETH B 0%, (HikE LT, X2 MV, 1757 EDEFI L [Fkk, 4 > FT v 7 Aln] %
BAIMTBEZEIZE DO T I ENTES. 72720, VAT LHNETIX, EBIZR
AV R%EnE7ZEBLDT, HADERZIFEID B UKD 0D 5.

o cdrO) IFH L WEILZAERKL WA, append ) &, EEEIZIZE 1 51DV A MNDEX
7217 Dcons() DIEVIKL 705720, 5 1 518DV A MDEVWEEIZIZEZDAEY
BHETHZ LI 5. reverse() WU THEFEMKTH 5.

(o] L = [[1,2,3]1,4,[5,61]1;
([1,2,31,4,[5,6]]

[1] car(L);

[1,2,3]

[2] cdr(L);

[4,[5,6]]

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

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

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

[6] length(L);

3

[7] length(ltov(L));

3

(8] L[2][0];

5

6.6 K4

6.6.1 newvect, vector, vect

newvect (len[,list])
vector(lenl[,list])
v EBlen DR MVEAERKT 5.
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vect([elements])

i elements #HFE LT HRT MVEERT 5.

return N7 MV
len EPAY0
list AR

elements HERZODIU K
o vect IFEZDWUONOERT MLEEKT 5.
e vector |Inewvect DH|ZTH 5.

o newvect [EEIlen DRT MVEAERKT 5. 25 2 51D WIS, &2 1% 0 IZ9)HH/E
NG, FB2BIBDHIGE, A VT I ADINSWESRS, VA NDREERIZLD
I N 5. EERIZ, LHEISIEIZHEDN, K AR0nWaido b oshs.

o NI MVDGTE, B0 D oHlen-1 i3 L7025, (BB 1 A5 TR WHITHER.
)

o VANIEWAON, KA VREBMBEFIZE>TY =T vy ¥ )VIZEOH I NS DIZH
U, XZ MVIEE A DE 3D 6D AE Y LD displacement (ZA)IZ &k >TT v
BLT 72 ATIHECHI N, TOMRE, o007 72 ARMIC K ERZNHTL 5. K
BT 7R, VANTIE, ROOENEZ D2/ TR D5 K 5128500, R
7 MVTI, RS DRIKGFETIZIE—ETH 5.

o Asir T, Mt ML, #ER T FVOXHNEZR . 1750 % ZEd S ENFNIXHER 7 v &
ARIND L, AP SEITNIEHER S ML AanInb.

o NI MIVDEIEsize() 12> THELGNS.

o HEDFIEE L TR MLEEL LS, BINZEHBUEX, TOXT MVOKD 2EHE
2B EeNRTES.

[0] A=newvect(5);
[00O0O0O0]

[1] A=newvect(5,[1,2,3,4,[5,611);
1234 [5,6]]

[2] A[0];

1

[3] A[4];

[5,6]

[4] size(A);

[5]

[5] length(A);

5

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

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

[9] A;

[ x 234 [5,6] ]

Section 6.6.5 [newmat matrix|, p. 63, Section 6.6.7 [size], p. 64, Section 6.6.2
[Ltov], p. 62, Section 6.6.3 [vtol], p. 62.

N
B
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6.6.2 ltov
ltov(list)
VAR ERY MVIZEBRT 5.
return N7 ML
list J AR
o UAMist ZA URTDNRY MUZEHT S,
o Z DOR#Znewvect (length(list), list) IZZF L.

[3] A=[1,2,3];
[4] ltov(A);
[1 23]

i Section 6.6.1 [newvect vector vect], p. 61, Section 6.6.3 [vtol], p. 62.

6.6.3 vtol

vtol(vect)
2 RZ MLEYANMIZEHT S,

return ) A b
vect ~RZ7 ML
o EXn dDRY NMbvect % [vect[0],...,vect[n-11] 725V X MIZEHT 5.
o VARMMNLARY MIUADZE M Tnewvect () TITD.
[3] A=newvect(3,[1,2,3]);

[123]
[4] vtol(A);
[1,2,3]
SR Section 6.6.1 [newvect vector vect], p. 61, Section 6.6.2 [1tov], p. 62.

6.6.4 newbytearray

newbytearray(len, [1istorstring])

:: & len D byte array % EKT 5.

return byte array
len H SRE
listorstring

) AN EZIEFF
e newvect &[ABKIZ U T byte array % 429 5. similar to that of newvect.
o XFHITHIIMEZIGET DI LEHAETDHS.
e byte array DEFED T 7 & AIIHLF| L [FABRTH 5.

[182] A=newbytearray(3);

[00 00 00|

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

[184] A=newbytearray(3,"abc");

|61 62 63]
[185] A[0];

97

[186] A[1]=123;
123

[187] A;

|61 7b 63|

Section 6.6.1 [newvect vector vect], p. 61.

6.6.5 newmat, matrix

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

o row fTcol HIDTH| 2 /%3 5.

return 1741
row col H A

abcd IE=3

matrix |Inewmat D H|HTH 5.

row 1Tcol BIDFFH| & LT 5. 2 3 BB WIGE, £ 0 2 b ns. 83
BB D D56, A VT Y 7 ADINS VKD NS, B0, YA NDEEFZE(INIEXE
DARTHD) LIk ng. SEEZEL, LHELSIHIC{HDN, &Y W03k o
PO SNB.

75 DY 1 Xidsize() THLND.

MADYFHDE E MII]I IZEDEITERIZ MLV ELTHOHTIENTES., ZORY
FMVIE, $OFHERRZEAELTED, WTFNh DS %2 E S BN, moxfis
TEOHDEESHDLI IR 5.

BREDBIEE UTHA Z2IE L 7256, IESN-EHBUL, 20T On2ESHZ 52
EMMTES.

sm

piN|

[0] A ewmat (3,3, [[1,1,1], [x,y],[x"2]]);
1

[1] det(A);

-y*x"2

[2] size(A);

[3,3]

[3] A[1];

[xyo0]

(4] A[1]03];

getarray : Out of range
return to toplevel

Section 6.6.1 [newvect vector vect|, p. 61, Section 6.6.7 [size], p. 64,
Section 6.6.8 [det nd_det invmat], p. 65.
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6.6.6 mat, matr, matc

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

2 FFRZ MVON O S1T5 2 KT 5.

matc(vectorl[,...])

o HIRZ M VONOD 5175 %2 EKT 5.
return el

vector A F 72130 A
e mat |Imatr DAL TH 5.

o FIBDHEART MVERAUKRS 26D, FERIE, LHED SIHIZHDN, &Y BRWITIK0
D oD,

(0] matr([1,2,3],[4,5,6],[7,8]1);
[123]
56 ]
8 0 1]
matc([1,2,3],[4,5,6],[7,81);
47 1]
58]
6 0]

R
WN RN

ik Section 6.6.5 [newmat matrix|, p. 63

6.6.7 size

size(vect|mat)

= [vect DRE] F721% [mat DITE ,mat DFNE].

return ) A b
vect ~Z7 MV
mat el

o vect DEX, £7-ldmat DREXZVANTHNTS.
o vect DR X Xlength() TRDBHI L HTE 5.
o list DE I Flength() %, AHAIZHN S HIHA D Fnmono ) ZHW 5.

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

[1] size(A);

[4]

[2] length(A);

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

= R Section 6.5.1 [car cdr cons append reverse length|, p. 59, Section 6.3.6
[nmono|, p. 45.

6.6.8 det, nd_det, invmat

det (mat[,mod])
nd_det (mat[,mod])
o mat DITHIAZKRD 5.

invmat (mat)

:: mat DHFTH] % RD 5.

return det: X, invmat: Y A b
mat 1751
mod FI

e det B L Fnd_det 1174 mat DITHRZ KD 5. invmat 1Z175mat OWifT4] % KD
5. HTHNL D F, 98] O TRI N, DFH11T5], 9F/D8F Wiz s,

o Hl#mod & B, GF(mod) ETOITHINZERKD 5.

o DB LDHI ABEEIEIZL > TWED, LEBLIHAZ KD L T 5475 L Tid
IMTHIRBERIZ XD HEDIZS RN I WGELH 5.

e nd_det IXHEMEF 2 ITARK EOLZIEHATH OFHRNHAEHTHS. 70T ) XL
R0 DR LD T AEEIEEN, T2 EEBE L OCERBEOTRIZED, — &
IZdet L D EHIZFHATE 5.

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

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

[x,y,z,u,v]

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

[94] A;

[ 1 xx"2x"3x74]
[1yy2y3y4]
[1z2z"22z"32z"4]
[1uu2u3ui4d]
[1vv2v3v4]

[95] fctr(det(A));

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

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

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

[ 1 xx"2]

[1yy2]

[1=zz"2]

[99] invmat(A);

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

[ y72-272 -x"2+z"2 x"2-y"2 ]
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[ -y+z x-z —x+y ], (-y+2) *x"2+(y~2-2"2) *x-z%y " 2+2"2%*y]
[100] A*B[0];

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

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

[ 0 0 (~y+z)*x"2+(y~2-272) *x-2z*y " 2+2" 2%y ]
[101] map(red,A*B[0]/B[1]);
[10
(01
0O

= O O
—_ e

ik Section 6.6.5 [newmat matrix|, p. 63.

6.6.9 gsort
gsort(arrayl(, func])
. —ikotlidarray %Y — N9 5.
return array (AJTEFU; ERDOAANED D)
array —IRIGEL S
func Heige FHBE 2L
o —IRJtlds| % quick sort TY — 9 5.
o WIKHABIMMAEEINTVWARWEGES, A7V 27 S LOWIKKERCIHE A TDH D
MONEIC R Z 55,
o 0,1,-1 %89 2 51 A func & U TEHE R S5NZEE, func(A,B)=1 DHFEITAB &
UTC,EF R TOEDSIEICIERBZ 5 5.
o FLFNTHF7IZHER I NG, SIMOBEFOERZDAANZE D S.

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

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

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

SR Section 6.3.7 [ord], p. 46, Section 6.3.2 [vars], p. 44.

6.6.10 rowx, rowm, rowa, colx, colm, cola

rowx(matrix,i,j)

I ATE It RWT 5.
rown(matrix,i,c)

s ik 59 5.
rowa(matrix,i,c)

I ATIZEI T D SRR 5.
colx(matrix,i,j)

BT E TR RT 5.
colm(matrix,i,c)

s HifrRcfET 5.
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cola(matrix,i,c)
c BRI ATICER T De 52 MA 5.

return sl
i, j B
c I

o THIDEARAER2ITS7-ODEKTHB.
o THIDEIEI NG Z LIZIHET 5.
[0] A=newmat(3,3,[[1,2,3],[4,5,6]1,[7,8,9]11);

[123]
[456]
[ 789]
[1] rowx(A,1,2)$
[2] A;
[123]
[789]
[456]
[3] rowm(A,2,x);
[123]
[ 789]
[ 4*xx 5%x 6%x ]
[4] rowa(A,0,1,2);
[ 7#z+1 8%z+2 9%z+3 ]
[ 789]
[ 4xx 5%x 6%x ]
SR Section 6.6.5 [newmat matrix], p. 63

6.7 HHER

6.7.1 newstruct

newstruct (name)

WG AR D name DGR E RS 5.
return WEIER

name el
o X HiNname TH HI5EHEEHEKT 5.
o HONUD, name L HMEERDER I N TVRITNIER SR,

o MERDHEA VY NFHETF> IZKVHAMTT 7L AT S, A VADPERDGE,

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

0

[1] A=newstruct(list);

{0,0}

[2] A->t = newstruct(list);

67
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{0,0%}
[3] A;

{0,{0,0}}
[4] A->h = 1;

1

[5] A->t->h

2

[6] A->t->t

3
[7] A;

]
N

1]
w

{1,{2,3}}
SR Section 6.7.2 [arfreg], p. 68, Section 4.2.9 [BEXRES], p. 22

6.7.2 arfreg

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

o MEERITIR S 2 B 2 G5 3 5.

return 1

name Pl

add sub mul div pwr chsgn comp
a2 —YRE R

o name 72 3 HEERBUZ T 2 AHRE 2 &85 5.

o BRL - BMWEAREHBEIZN U TIEEIEIZ0 2525, ZHIZLk > T—E#DEE DM
ZRHTBZENTE S,

o TNTNDEBDMAERRIZIRDED THB.

add(A,B) A+B
sub(A,B) A-B
mul(A,B) A*B
div(A,B) A/B
pwr(A,B) A°B
chsgn(A) -A
comp(A,B)
1,0,-1 according to the result of a comparison between A and B.
% cat test

struct a {id,bodyl}$

def add(A,B)

{

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

¥

68
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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);
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)$

69
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end$

% asir

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

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

[11] A=newstruct(a);

{0,0}

[12] B=newstruct(a);

{0,0}

[13] A->body
3

[14] B->body
4

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

3;

4;

o

6.7.3 struct_type

struct_type (namel|object)
c FEEAR O RS 2 G 5.

return B
name XFF
object M R

i) Section 6.7.1 [newstruct], p. 67, Section 4.2.9 [HEAES], p. 22

70

o #HiiMname T BHEEIR, X 7z|3object DT HEERDFAE S ZIET H. =7 —

DEEIF-1 2KRT.

[10] struct list {h,t};

0

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

[12] struct_type(A);

3

[13] struct_type("list");
3

SR Section 6.7.1 [newstruct], p. 67, Section 4.2.9 [#EARES], p. 22

6.8 Ti%ke 5 EHE

6.8.1 type

type (obj)
it obj O (EER) %K T

return B



Chapter 6: Hl A AEGEL

obj IE=3
e obj DEIDIEITIRDED .
0 0
1 H
2 ZHA (TR
3 AHA(ZHEATZRWY)
4 DIZSE
5 N7 MV
6 Gedl
7 pEZl
8 L SEEAN
9 vani/ EcETEDTEN
10 32bit 7575 U B
11 ITI—FTVI b
12 GF(2) D175l
13 MATHCAP # 7Y =27 b
14 — PR EE AR A
-1 VOID # 7Y 2 bk
o BMDORIZKDBHIZIX, ntype ZHWNWD. AETXRDE %KD L1211, veype ZHW 5.
i Section 6.8.2 [ntype], p. 71, Section 6.8.3 [vtype], p. 72.
6.8.2 ntype
ntype (num)
:: num ($Y) ORI(EER) %R,
return H AR
obj 54
o HMOBDEITIRDED .
0 A E
1 (EREIESER VN5
2 AL
3 M 778/ (bigfloat)
4 (CES 4
5 ARRAAD TG
6 PN EIINOFTH
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7 B 2 DARIKD T

e newalg(x~2+1) THEM UL, BEHeL ¥, B2 DE LTHLNS.
o MREUPEUZBIL TlX, See Chapter 9 [fAEHIEIZBI 3 5 E], p. 153.

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

[10/37,0]

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

[0.27027,1]

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

[(#0+1),2]

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

[0.49999999999999999991, 3]

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

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

SR Section 6.8.1 [type], p. 71.

6.8.3 vtype

vtype (var)
i var (ANETL) DB(REE) ZiRT.
return B
var RRE TG
o var (AREIL) DIDMEIZIRDIED . FF#MIESee Section 3.3 [FETLDRL], p. 15.
0 — %A E It (a,b,x,afo,bfo,...,etc)
1 uc() THEMINZAEI(_0, _1, _2, ... etc)
2 BEBE A (sin(x), log(a+1), acosh(1), @pi, Qe, ... etc)
3 BT (S A A BB T, o — 5 BT, IV ST sin, log, ... etc)

e a(); BFAT(AE TIET I —)L77Z 17 THntype(a) 1F3 L7235, Thbba lFa—V
EBEKE L ABRINS.

o I—YNHBILANEEHT 57/2DI121FF —"7 — Nfunction 2V 5.

e Qpi, @e IFAEITLE UL THFEDONBE D, eval(), pari ) IZHBWTIFEE L THbNS.

SR Section 6.8.1 [type], p. 71, Section 6.8.2 [ntype], p. 71, Section 6.3.3 [uc], p. 44.
6.9 BEUTH S 2 #fE
6.9.1 call

call(name, args)

i B name Z IS
return B #name () DR Y fH.
name B % RS A RE TG (BT & I3RS 720
args 5D A b
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o HETIZEHL TIX, vtype O 2R,
o FIBMDIAKM D SN UDD > TWD & & ld(xname) ) DR, B S5RVE &
ldcall() 25 & L\,
[0] A=igcd;
iged
[1] call(A,[4,6]1);
2
[2] (*A)(4,6);
2

%

IR Section 6.8.3 [vtype], p. 72.

6.9.2 functor, args, funargs

functor (func)

i func ORI TZ2ED HT.

args (func)

o func OFIEL) A M ZELO HT.

funargs (func)
:: cons(functor (func) ,args(func)) Zik7.

return functor() : NEJT, args(), funargs() : Y A b
func BBOE X % £ A %E T

o HEILAIZEAL TIE, vtype ) &S
o HEIEL A func DEET, BIEY A ZHL Y Hi7.
o WIT, WD H L BRI F 2 ISR D 7025 LERAEF £ TNIEGEF)(x) Tx 2518
THORBIFOH U F I3 BIE DB ANTE 5.
[0] functor(sin(x));
sin
[0] args(sin(x));
[x]
[0] funargs(sin(3*cos(y)));
[sin,3*cos(y)]
[1] for (L=[sin,cos,tan];L!=[];L=cdr(L)) {A=car(L);
print (eval ((*A) (@pi/3)));}
0.86602540349122136831
0.5000000002
1.7320508058

W

iR Section 6.8.3 [vtype], p. 72.
6.10 SCFHIZRES & A

6.10.1 rtostr

rtostr(obj)
it obj & XFINEZB.
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return p&E2|
obj IE=\

o [TREDA T bobj ZXFINIERS.
o BB L% XFHINIEMLU TEBALFEETHILIZEY, RFENEOARELEERT
LHEICE L HWLONS.
o WT, XFHNE ANEITTITES T BIFIZIE, strtov ZHWS.
[0] A=afo;
afo
[1] type(A);
2
[2] B=rtostr(A);
afo
[3] type(B);
7
[4] B+"1";
afol

SR Section 6.10.2 [strtov], p. 74, Section 6.8.1 [type], p. 71.

6.10.2 strtov

strtov(str)

i ostr (XXFH) ZAEITTICEZS.
return ANFE T
str ARETL & U TEMA] R LT H)

o RETEL UTEMARELR X TFH % RETIZERS.
o RELE UTEMAREAR T H LI, TN FTHE D, 57, B L ORS_ TFES
NEXFHTH 5.

o rtostr() &HMAEET, 70 I I AR THEMNIZAECZ LKL ZWRHZHWS NS,
[0] A="afo";
afo
[1] for (I=0;I<3;I++) {B=strtov(A+rtostr(I)); print([B,type(B)]1);}
[af00,2]
[afo1,2]
[afo2,2]

SR Section 6.10.1 [rtostr], p. 74, Section 6.8.1 [type], p. 71, Section 6.3.3 [uc],
p- 44.

6.10.3 eval_str

eval_str(str)

iostr (SCFH) Z2EHiid 5.
return VAV /AN
str Asir @ parser 235 LA HE A SCF 5
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o Asir @ parser DVZHAIBEZR XX FH % FAli U T2 DFEHRZ KT .
o FHiAIBEZR X FHNK, XERTEDIZRS.
o HRAYIZ IZrtostr () DML 5.

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

3

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

i] Section 6.10.1 [rtostr|, p. 74

N

6.10.4 strtoascii, asciitostr

strtoascii(str)

v XY T AF—a—RNTHRT.

asciitostr(list)

D T AF—a— ROHEXFINEBRT B,
return strtoascii():Y A b; asciitostr(): 3 F4
str pe2dl
list 1 LA E 256 RiiDBE» 5425 A b

e strtoascii() IFHNZEHDY XA MIEMHT 5. KEBIIXFHINOT AF—a—F
ZRT.
e asciitostr() (Fasciitostr() DHEKTH 5.
[0] strtoascii("abcxyz");
[97,98,99,120,121,122]
[1] asciitostr(Q);
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 NFHORX ZIKT.

str_chr(str,start, c)

s XEDPRANCEN S ALE R KT .

sub_str(str,start, end)

i HR SR E KT
return str_len(), str_chr )% sub_str () : ¥4
str ¢ p&EZl

start end FEELFEEL
o str_len() IXFIDEXZIKT.
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e str_chr() ldstr Dstart ZHDXFED O AX ¥ U THEIIZc ODEIDOXEVHNI-AL
E2RT. CFHOLEIZ 0 FHE 5. BEINZXEVEHNBZVWEEITIZ-1 2IKT.
o sub_str() (&, str Dstart HFHD Send FH E TOED XFH| %2 ERK UK.

[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+1l," ");

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 AHH

6.11.1 end, quit

end, quit
s BEBRARATD T 7 ANV EHALUS. by TLIZBWTikEy v avE
Brsszrichks.

e end, quit & HIZMMBIBDOEKBMTHZH, ‘() MUTIFUHT Z LA TES. WIihd
BIEFAAAT DT 7 AVEAL S, Zhik, by L _LZBW0WTlikky ¥ a v a4k
TIRBI LIRS,

o 77 ANDEE, 77 ANV E T, BEIIZ 7 7 A IVIFEL 6 Nnd vy, by 7
LRVDGGETa Y 7T MRV E £, ANRBIZREDT, 7 7 1 )V O#&YIZ IXend$
EELOVPLEE L.

[6] quit;

b
SR Section 6.11.2 [1oad], p. 76.
6.11.2 load

load("filename")
. filename % Gt AIAL.

return (110)

filename 7 7 A IV (NAL)

o ERD T I LDEZFIL, see Chapter 4 [L—H 5§ Asir], p. 16. TF A -7
TANEHMADEE, cpp 23BT DT, C ® 702 F LlEFk#include, #define %
5 ZeMTES. umix [T, VAT LIZA VA=V INTWbcpp ZH AL
T\W5%. Windows fiX T ldmcpp http://mcpp.sourceforge.net Z W TW5. Z
WZIETOE S ITHIBRAYH % O TR, unix/OpenXM hit(Mac A cfep/asir % & )T
l¥0penXM/bin/ox_cpp ZHWTW5. X Portable C compiler http://pcc.ludd.
ltu.se (Z[ff B3 Hcpp TH 5.


http://mcpp.sourceforge.net
http://pcc.ludd.ltu.se
http://pcc.ludd.ltu.se
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o BELEZT 7 ANDIFAELZIIZIZ 1 2R U, FIELRh > 72X 0 2K T

o Ty ANENY) THEDGEIIMA A 0 THELZGEIIAIV Y AT LI MU
S DM NAE BRI nb. TNLUNDEGE, BREEZASIRLOADPATH |28 E I 11T W
574VIZ M) REPSIEIZY—FT5. TNOITEHEYT L7 71 UDBFELRVWE
B BT LTI TF 4 L7 MY (HDWIFBRBEASASIR_LIBDIR IR EINT WS T
4 L7 N)) Y —FF 5. Windows D% E, ASIR_LIBDIR A% E I N T WAV
BT, get_rootdir()/1ib 2 —F9 5.

o AL T 7 A INDEKIZ, end$ D72\ E1oad() M TRERIZT T Y T F PR TRVA, 5
BUIZIEA I ZZII T 5. UL, [BRELZBLSBEZNBH LD TT 7 1 VD HH%IZend$
ZHEOTHELLZENELZ L. (end; TH XA, end DR TH 0 RRRIND 7280,
end$ ZHBEDT 5. )

e Windows ik T4 L Z MU DR NNL =22 LT/ 2HNVS.

SR Section 6.11.1 [end quit], p. 76, Section 6.11.3 [which], p. 77, Section 6.14.16
[get_rootdir]|, p. 94.

6.11.3 which

which("filename")

i 5| #filename 1ZXF U, 1load () DG AIAL N AL %R T,
return INAZ

filename 7 7 A NVH(NAE) £721F0
e 1oad) W7 7 INEY—FFTEHFIH M- TYH—F L, 771 DBEFHET 25HEITIE
NAZZ LT UT, FFELRWEEIZIX 0 2R .
o H—FDFIEIZDOWTIHload() 25,
e Windows fRET 4 L2 U DAL —X2 LT ZHWS.

[0] which("gr");

./gb/gr

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

0

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

iz Section 6.11.2 [1oad], p. 76.

o

6.11.4 output

output (["filename"])
AR D 15 % filename F 72 13 EEHE R I R 5.

return 1

filename 774NV
o Asir O N ZEMEH NS, 77 A NADHINIZYRER 5. 78, 7 7 1 VH ORI,
BEHEH 21X F — R — R o D AT, Xz,
o DT 7 A INHIIZYIFEZ BH5121%, FF Foutput ("filename") 2FEIT3 5. X, 77
AW 2T U IZE D 72\ WIRHZIE, 518074 U Toutput ) 25179 5.
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N

n

R U727 7 1 )Vfilename DMFLEL 2L, TD T 7 A VDRREBIZEEE I N, FEL
Tehho 1T, Fimie 7 AV EIER L, T ICEEXAENS.

T7ANI—L%" BTN+ = R UTHEEZLEZY, -0 EZADRWVWT 7
AINEELEVTEE, T5—I12LD by TLNVIZRS.
ANITU7ZBDERDTT 7 A IMIZH I L 7ZWGEIZIE, ctrl(Mecho",1) #2547 L 724
T7 7 AIVHINZOEZNIETR .

AR Y BT S —HIZESHINE B DE 7 7 A LiciEESHI AR,
BEIE A, RERE (viype O SHR) Z2E ERVWEAD 7 7 4 VADHAEZ L, bload(),
bsave () Zffi5 DAY, K, ZEM & £ IR L.

Windows iRE T4 L7 F VDAL —XE LT/ ZHWS.

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

1

[87] quit;

% cat afo

1

[84] [[1,1], [x+y,11, [x-y,11]
[85] afo

0

[86]

208 Section 6.14.1 [ctrl], p. 84, Section 6.11.5 [bsave bload], p. 78.

6.11.5 bsave, bload

bsave(obj,"filename")

i filename (Zobj N1 F VLA TEZAD.

bload("filename")

. filename M 5N %ZNA F VI THRAIAD.

return bsave() : 1, bload() : FAIAAZE
obj BB A, KERE % & £ RWEROEA

filename 77 ANV
e bsave) IEAEERZIZIZZDEENA FIVHEATT 7 A IIZEEZIAD. bload() I,

bsave() TEZAALZBRN 2 HAIRAA THEERNIZEHRT B, BHIEDA VT ) A VT
—¥a VORIRIZ KD, B, KEMRB (vtype O 2IR) & E WY R b, Fisl72
CREUEBEOBREZ 7 7 M IVIRIET B N TE S,

output () 72 & THRIZE L 72858, SiARARHZ N —FDEE) X N5 DY, bsave() THRE
L7256 D%bload() TG H, EENIE AR TE 5728, KM, Z=HIzx)
RP LW,

ZIHNDGE, EEIAAR L FHAAARG TERIET PN R BIGED3H 50, TDHEIT
X, HEIIZBEDZERIERG 2B 1T 2 NEE R LI 5.

e Windows [IRET AL Z MV DXL —XELTY ZHNWS.
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[0] A=(x+y+z+ut+v+w) "20$
[1] bsave(A,"afo");

1

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

1

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

X" 2+2%y*kx+y~2

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

% asir

[0] ord(ly,x])$
[1] bload("afo");
YT 2+2%x*ky+x"2

o

i Section 6.11.4 [output], p. 78.

6.11.6 bload27

bload27 (" filename")
= [HEKTAE 5 3177 bsave file D FEAIA R

return FLARIA A TZE

filename T 7 AV
o [HINTIE, ZIEEEEA, 1 7 — K27 bit TREINTWAZM, HKTIE1 7— K 32
bit IZEAE XN/, TD7=8, [HiK Thsave N/ZNA F U 7 7 A IVIEZED £ £ Tldie
AIADIEN, ZDE DT 7 AN EGHHAALT2DI1Zbload27 ZHWAS.
e Windows JRET A L 2Z VDXL —XE LT ZHWS.

SR Section 6.11.5 [bsave bload], p. 78.

6.11.7 print

print(obj [,nl])
it obj ZRKRT S.

return 0
obj IE=3
nl 75 7 (115)

e obj ZFHIiL THRRT 5.

o 2 BIBN RV, 72130, 2 DA OGS, KITT 5. 52 51D 0 OGS, HITET,
HAENY 7 7ICEBEAEN, Ny 7717 Iy >adnkgn. 82 51802 04,
BAITLRWANRNYy T 71k 7 Iy vadhsd.

o ZOHHBDEVIEIX0 THEH5, print(); THRIFTT DL, HHIDRIZ 0 BRI NS.
print O$ & 9L, H&ED 0 XTSI,

o HEDobj ZFRIKHZH I U72\WKiIXobj 2 A MIZT 5 & K.

[8] def cat(L) { while (L !'= [1 ) { print(car(L),0); L = cdr(L);?}
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print(""); }
[9] cat([xyz,123,"gahaha"])$
xyz123gahaha

6.11.8 access

access(file)

 file DFHEZTANT 5.

return (110)

file

774NV

o file WHAETHNIX 1, HFAELRITNIX 0 2IKT.
6.11.9 remove_file

remove_file(file)

: file IEET 5.

return 1

file

771V

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

stdin

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

. filename # A — 729 5.

close_file(num)

A TFoum OT7 v ANE IO —XT 5.

get_line([num])

o A Fum O 7 7 A Vh S 1 ATEHRD.

get_byte (num)

s A num D7 7 A H 1 N1 MED.

put_byte (num, c)

o BRI Fnum DT 7 AIUIZ 1 N1 be BEL.

purge_stdin()

s B¥EASTTONY Ty ) T 5.

return open_file() : BEE (G T); close_file() : 1; get_line() : X 'FJI; get_

byte(), put_byte() : %K

filename 7 7 AWK (INA%)
mode X

num

AR (7 7 1 IVFRT)
open_file() &7 7 A )V & A —T 29 5. mode FEEN L WGHEFTAL UA, mode 15E
b BGEITIE, C DA B Mifopen ) 12T 2 E— NI L ART. 2L 2K
FHESIAAHOLE W, KEEBMOSG G a" 2. U 5EE, 7 71 Villsl1&
UCHERERZIRT. RRDGEL T - kb, NEIZ 5727 714 Vitclose_file()
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TZu—X%5%. }il72 7 7 1 )4 unix: / /stdin, unix://stdout, unix://stderr % 52
L TNTNAEHEAS, MR f TS - hE2A—-T V35, ZOHAEE—NE
EITHAIND.

o get_line) WHBIEA—T YL TWVWE 7 71D 56 1 {THiAk, XFFE UTRY. 514
N WGE, BH¥EAD» S 1 1750,

o get_byte) IFBEA—T UL TWVWBE T 7M1 6 1 N MEiAEEE UTKT.

e put_byte() FHEA—T YL TWBET 7 AMIZ1 N1 hEE, ZONA MEEHEL
TRY.

o 77 AIVDID FTHATZKIZget_1line ) DIEENZGE, B D 0 2T .

o AL ZXFHNE, BEDXDHNIEsub_str() 2 DX FHMEEKL T T LD
Heval_str() IZX W NEERIZEHBTE 5.

o purge_stdin() &, BHEATINY 7 7 2222 5. BN Tget_line() 1T & D EEHEA
N6 X7 22 T 56, BRIZ/NY 7 7 WITAFES 23PN K 23aEEz B < 7-
DIZH SN UHIFTHT.

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

[186] get_line(Id);

12345

[187] get_line(Id);
67890

[188] get_line(Id);

0

[189] type(@Q);

0

[190] close_file(Id);

1

[191] open_file("test");
1

[192] get_line(1);

12345

[193] get_byte(1);

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

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

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

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

[198] test1();

123; /* input from a keyboard */

123; /* returned value */
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[199]

sy Section 6.10.3 [eval_str]|, p. 75, Section 6.10.5 [str_len str_chr sub_str],
p- 75.

6.12 Y 2 — )Lz d A EE

6.12.1 module_1list

module_list ()
Gt EBFADEY a—LDY A NEES.

return EHB/FADEY 2 —)1LD Y A I,

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

SR See Section 4.2.13 [E ¥ 2 —)V], p. 25,

6.12.2 module_definedp

module_definedp(name)
: EY a—)bname DFAEEZT AT 5,

return (110)
name EVa—ILE

o EYa—)lname PFETNIEXL, FELRITNIE0 ZKT.

[100] module_definedp("gr");
1

o

it Section 6.12.1 [module_list], p. 82, See Section 4.2.13 [€ ¥ 2 —)V], p. 25.

6.12.3 remove_module

remove_module (name)
w ®Y a—)bname ZHIRT 5.

return (110)

name EVa—I)%E
o HIBRIZEZhT UL 1, LT HIX 0 2K .

[100] remove_module("gr");
1

SR See Section 4.2.13 [€Y 2 —)J1], p. 25.
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6.13 HEREREL

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

dacos (num)

i BEUE Arccos(num) %K 5.

dasin(num)

i BREUE Arcsin(num) &K 5.
datan (num)

i BEUE Arctan(num) 23K 5.
dcos (num)

i BEUE cos(num) %KD 5.
dsin(num)

 BRBUE sin(num) &K 5.
dtan (num)

i BIEUE tan(num) %KD 5.
return FERE TR BN INER
num ;&
o —ABAKL W =M R BUERIZEI R T 5.
o THSOEILC SEOMIERET AT RHNE. LkhioT, AR A XL
—T A VI VATLE AR TITKIFT B
o HHEBITHUTIHEL K BAWHRZETOTHERL RITNIER S0,
o Qpi REDY VHRNERIBIZEZASZ LIZTER.

[0] 4*datan(l);
3.14159

6.13.2 dabs, dexp, dlog, dsqrt

dabs (num)

o AERHE | num| %Kk 5.
dexp (num)

i BIEUE exp(num) %KD 5.
dlog(num)

 XNEUE log(num) 23K 5.
dsqrt (num)

s SEATHR sqrt(num) %KD 5.
return {5 W5 T N B
num b
o WIFEIEZ BUERIZEIR T 5.

o INSDEBILC SEDEMMES ATV EMAWS. Lzh> T, BRI ARDY
—F A VTV ATFAE AV TIIMAET B.
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e dabs() &dsqrt Q%R E, HREBUIIH U TIFELL RAWEERZ KT OTERELRITH

X725 7200,
o Qpi REDY VHRIERIBIZEZ DI LIFTER.

[0] dexp(1);
2.71828

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

ceil (num)
dceil (num)

wnum & D RKREWVWER/NOBEERD 5.

floor (num)
dfloor (num)

2 num & DN WERKDOBZRD 5.

rint (num)
drint (num)

num 2BBIZELD 5.
return B

num é&
dceil, dfloor, drint (Xceil, floor, rint DHIZ/TH 5.

Qpi BEDY VRN ERBIZEA S Z EIETER.
[0] dceil(1.1);
1

6.14 ZDfili

6.14.1 ctrl

Ctrl("SWitCh"[,Obj])
o BRBEERE
ctrl()  BRIEDORR

ctrl(|desc=1)
s BB X OFOR WO R R

return FEZINTWBIHE
switch ALy F44
obj INT AL

o Asir DFETEREDOBRELH, 2% 1T75.
o switch DADIGE, TDAA v FOBAIEDIRAEE KT
e 0bj MEZH6NTWAEE, TDMEERET 5.

FEH/NEEBERIZEZ 2D HEE, ARV =T 4 VIV RAT AL AV FIRIFET .
BHREBUZH U TFEULS BWRERZETOTHER L RITNIER S 20,
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o ALY FIEXTFHNEUTANTS. ThbbEXTNT 4 — THD.
o AA Y FIXIRDMY .
adj H—RyvabryavOEOEE. 1 U ELOFHENEETES. 77
AU MEZ 3. 1 IRV, H—RyYalrzyarvgdice—7%2 k&L
EAHEDITA. BEMEIZa~Y Y NI 14 THETE 5. See Section 2.4
[A~xY RIA AT av] pb.
allow_laurent
1 DK, BIHAORBICADER 2 7.
bigfloat 1 DI, AJI S N/ iFE/N T bigfloat (22 X i, JFEI/NEGHE IZPARI
(Section 6.1.14 [pari], p. 39) IZ & VTN 5. T 7 4 )V s DEMMHIEIL 9
HiTh 5. AIMEZEE® U772 WIKZ idsetprec) ZHWS. 0 DK, AJ)
I NZFEVNSUL, SRS ERE NI E I NS,

cputime 1 @K CPU time & & O GC time % /R, 0 DERFER/R LR\, cputime()
% ZM. ctrl("cputime",onoff) ldcputime(onoff) &[HUTH 5.

debug_plot
1 DIF, ox_plot B’A Y=V T4 Y RUDEITREIINS.

debug_up 1 DI, 1 ZHEHLIHABRRE N (umul O 7% &)FTRITA v -V %2 KRS
5.

debug_window
1 DI debug_window 2Ry 77 v FUTHL. (T 7 4V MAK0.)

diag_period
nd_gr(), nd_gr_trace() ZFIRA T 7 I U THEITT I, &hTHE
frE B hRZEEROM BRI OEE 215 5. H2 26, Hir L < EK
ol AR S N2 7= ITHEBR P ETEINS.

double_output
1 DR, Bk EIZE/MIUE D RIZ ddd.ddd DR TR RINS.

echo 1 DISIZIEAE A S % 603K LTHIFT L, 0 DIFIZEENE A J) %88 03B & 7800,
output ¥ R&AVABIZEN TH 5.

evalef 0 DI eval DFEAFHI S N7z & T Z N EFHMETE L Ro 7256, R
LY A MIBRKIND. 722 21K eval(sin(0.1)) £ 5479 5 & sin(0.1) A°
ZNLAEFHECERWZORE LY A MIBERI NS, 1| ORHE, Bk h
7w\, MEFEEBOBERG 2 DB UITORHIIZ DA TV a3 V2T R
ETHB. (774 ) MHIZ0.) See Section 6.3.7 [ord], p. 46,

error_in_timer

1 O, XA —HTRHITEFE DO T I —IHENFETINS.

f4_nocheck
1 OFF, nd_f4, nd_f4_trace (2B} 2175 DfE#) % CRT T O BRIZ, FER
DF v 7 &=ITHLIRN.

fake_ox_reset

no_ox_reset
1 D& Z, ox_reset #HEIEL TRV —N—121FRD Y 1T ox_shutdown %
#1535, ox_reset DFELDAHMIL mathcap D optional argument (ZEPUA]
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) 123 no_ox_reset WEEI N TWAHNE D P THIWS 5. ox_pari
EHHATRLEIZOT777%21CLTEBLLIEREFLWL. (F74L b
fEl% 0.) See Chapter 7 [ #ETH], p. 96.

fortran_output
1 O, Z2HEADE RN FORTRAN A Z A WVIZHR S, THROLEIN D
RO DI TRIND. (T 74V MEKO0.)

hex 1 O, B 0x THED 16 #HE L THRRINS. -1 DL Z, 16 HEE
&, 2D 2 TATSHIZLIZKE > TRRINS.

hideargs 1 DR, BFIFOH U E2RRT HEICHIEBRRI N,
loadpath ASIRLOADPATH %# EEHZ§ 5.
message 1 DI, ox_asir, ox_plot EITRHZFABA v 2 —V 2 RRT 5.

new_hensel
1 O, HHEEUR ED 1 ZHZHRXNDRBDRIZE T, Bthense120) »°
Huwosihs.,

nez EZGCD 7 NVITV ZALDYEX. T 74NV ET1ThHD, &IZYEX
BTN,

no_debug_on_error
1 O, =7 —FHZ TNy ZE— FIZASRW.

no_prompt
1 Ol 70y TR RERRI N,

outputstyle
1 DKE, 135, X7 MV dmat(...), vect(...) DL THRRINS.

ox_batch 1 D& E EENY T 7BV W% > 7RO ABEHEIZ flush. 0 D &
&, T—X, A%V FEEEI flush. (T 7 4V MHIX 0.) See Chapter 7
[ EGETE], p. 96.

ox_check 1 D& & EET—REZMFEITORLCARZITENENE S NF v IT 5.
0 D& ELR. (F7 4V MillZ 1) See Chapter 7 [28EFE], p. 96.

ox_exchange_mathcap
1 D& X, OX server & DEEGHIMERIZ, HEIIZ mathcap DR Z1TS.
(77 4V MiIZ 1.) See Chapter 7 [ 8KEIH], p. 96.

plot_by_bigfloat
NOLZE 10 EBTOREEE N Hi& U T, bigfloat % W T plot 217 5.
(77 # )V ks TlZ double % FH\\T plot %475.)

print_quote
quote T — X DRRFIEZBET S, 0 DR, quote 7 — X IL H
IZ<...quoted...> KxIN3. 1O, VAMEATRRINS.
2 O, BRBBRADETERRINS.

prompt 0 DX ETOVTREFRRLARN. 1 DL ESEHET OV T NEKR C AX
ANDT A3y NXFHEHBEWSL L A—PFEHRD TV 7 . fil(asirgui
TIEAA):  ctrl("prompt","\033[32m[%d] := \033[0m")
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/

quiet_mode
1 DL &, BEIRICEFERRZITDIR. See Section 2.4 (2% Y R F A
YA 7T av], p.b.
real_binary
1 DI, (SRR NI E 2 ERRT 5.
real_digit
RSB NI D TR OME 2 1HET 5.
show_crossref
1 Oy, BIBERZHAADEIZ, Z7BAY 77 LV ARKRIND.
show_orderspec
1 D, dp BRI &5 7'V 7 —BEEHRBIEIT N 3 2 A K7 HIE
DIFERHIZ T DFEM 2 KR T 5.

StrassenSize
Strassen-Winograd (2 & 275 O EHEHR TV TV XLFEITIZEIT B 87
ARXRDIEZEFZET 5.

terse 1 DK, 2 —HYEF callback EITHFIZ A v —T 2 FRR LR,

weight_check
1 OFf, nd REIZ LB 7 L 7 F—HEITBWT, HE X 117z weight %
W7z weight @D overflow v 7 %2417 5.

verbose 1 DO, BDHEBRIZA Y -V 2 RRTH.
[1917] ctrl();
[[oxpari_start,0], [oxpari_id,-1],... snip ....,[plot_by_bigfloat,0], [debug_plot,0]1]1]]
[1918] map(print,ctrl(|desc=1));
[oxpari_start,0,oxpari starting function.]
[oxpari_id,-1,Id of ox_pari.]
. snip ...
[plot_by_bigfloat,0,If set to 1, computation is done by using MPFR bigfloat functions
[debug_plot,0,If set to 1, ox_plot is executed with the message window.]

Z R Section 6.14.6 [cputime tstart tstop|, p. 90, Section 6.11.4 [output],
p. 78, Section 6.1.14 [pari], p. 39, Section 6.1.15 [setbprec setprec], p. 40,
Section 6.1.13 [eval deval], p. 38.
Changel.og
e See Section A.5.1 [ChangeLog], p. 184,
o RIFTTWIAA Y FOHHEZENML 72(2018.3.29).
e plot_by_bigfloat A v F 1% 2017.09.04 2 A SNTz. BEZEZZIF7-7 714 VX FELD
EED.
e 1.54 ctrl.c, 1.14 bf.c, 1.75 tcpf.c, 1.13 calc.c, 1.36 if.c, 1.25 ifplot.h, 1.33 plotf.c

6.14.2 debug

debug 2 TNV TE—RNIZAS.
e debug IR BMOKETH 20, ()’ 72 L THRUHE 5.
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e TNAYITE—RNIZABL U YT Mhi(debug) &7 0, A~ Y RZIFIHREL 5.
quit ZANTEET NNV ANGKITS.
o TNV TE=RIZDWVWTODFMILSee Chapter 5 [T /3w H], p. 29.
[1] debug;
(debug) quit
0
[2]

6.14.3 error

error (message)
 7u g7 ARTEHIIZTS 2R EIE 5.
message X '7H
o —fRIT, BIBDIE WA Y, FATARATRRRLT T — B HARAHBIZBE WTHEL
i, by TV VIR BHNZ, AIRER S IEZ DT T — DR TT NNy ZE—NIZAS
error() 1%, T —VEHBOWHTZ DENMEL FROEHNEZITHOEL7-DDHMTH 5.
o BIZ, error() MIFVH I NEBIIERRINBEA v =V T, XFHTH 3.
o I—YEHBIZEWT, ZEF v 27 LT, HYERWMEDEEIZerror () ZIFOH T
E2ICLTHBITIE, ZORFATHEMIZT Ny ZE— NIZANS.
% cat mod3
def mod3(A) {
if ( type(d) >= 2 )
error("invalid argument");
else
return A % 3;
}
end$
% asir
[0] load("mod3");
1
[3] mod3(5);
2
[4] mod3(x);
invalid argument
stopped in mod3 at line 3 in file "./mod3"

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

(debug) quit
return to toplevel

(4]
el Section 6.14.2 [debug], p. 88.
6.14.4 help

help(["function"])
c BB Z R 5.
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return 0

function BRI

G BDOW, B/NROFBHNPERI NG, WA G LTHEA N &, S
A 7IVT 4LV VIZHDhelp WD T LI MVIZRZDT 7 A IVhbiik, B
B FUPAGER IZEREINT VWA IT Y R, HDWk'more’ ZIFOHLTED 7 71 V%
FRd 5.

BRIRZATNLANG DEEINT WA EE, T D" japan" £7z14"ja_JP" THE 5745,
‘help’ DD D IZhelp-ja’ IZHD 7 7 1IVMFKRIND. £ 5 TRWVWEE, ‘help-en’
WZHBT7 7 AIVPERREING.

Windows FRTIE, I Y RIS DAV TIECH UIXRY R — 20, A=a—»
5 HTML XD HDAFTHLUHNWS ZENTES.

6.14.5 time
time () kv a VHEEBENSEAETTO CPU BB X GC Kl 2R RT3
return AR

=

CPU FH& L U GC HDFRRIZET a2 RN TH 5.

GC Wil & &, =~y a7 2z X DHBE I N e R I B/, CPU KEIX, 4
kD CPU K25 GC Iz 51\ ) T, BALIIMTH 5.

time ) ZBIEAR LT, v ¥ a VHB» SHAEX TO CPU Kill, GC K, Biff£ T
WCERINIZAE) ODDREE, 8L Oty ¥ a Vilhh SHE T TORBRMDRR
%95, §bb, [CPUBKFE (), GC BB ), XEVE(7—R), BRBEFEE)]
BV ANERT. 1 7—RiZ@EE4 X1 N ThHB.

FHEDEITEAAR, R TR Dtine ) 25, TOEEIZNT S CPU K, GC Kfihih
m5.
AE)BREMBERTIIRW D, HEHEBZ D L EERREER57-20HL ETH
HZE U THWARETH 5.

ctrl() Xcputime() (T & Dcputime A1 v FMon W5 TWAHEHITIE, by 7L
NVDX % —DDHALL UT, ZTOFEFREAZRRINS. UL, 70T T LONER
T, FEDRIRIZN T BRI ZH D 720K, time ) REZMH S BELDH 5.

getrusage() PMHA S UNIX LETldtime () (JMEHMED H % E % KT A%, Windows 95,
98 LTI Z AW 2 I1EN HIEDR RV OREBRRZ D DR RIND. Lo, FF
HLRRELVH B &, ThdEFfIciEI NG,

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

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

[75] ["CPU",T1[0]-TO[0],"GC",T1[1]1-TO[1]1];
[CPU,6.577163,GC,7.221549]

sy Section 6.14.6 [cputime tstart tstop|, p. 90, Section 6.14.8 [currenttime],

p- 91.
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6.14.6 cputime, tstart, tstop

cputime (onoff)
: BIED 0 Sl cputime DFRRZ LD D, TNUUNR S ITRRZITS.
tstart() :: CPU time FHllBE%A.
tstop()  :: CPU time FHIK 7B L O FEIR.
return 0
onoff 777 (ER)
o cputime() &, 51N 0 7 51X CPU time DERRZ LD D, THLMN R S IEERREITS.
o tsart 351H L, ‘() LT, CPU time Ml ZFA4HS 2.
o tstop X5 L, ‘O’ LT, CPU time st 2K T, B L UORRET 5.
e cputime(onoff) (ctrl("cputime",onoff) &R UTH 5.
e tstart, tstop I, ANTITULTHLNSE Z LIFEEL TWARWED, TD X5 Ak
MEASD B AT X, time O (2 & B EFHIE 5 BEND B
e cputime() 12X % on, off %, BIZEK/RD on, off THH, by TL )LD —DDIZKY
TLHEMIE TN TVWS. Lo T, fHREZHBOTHSTH, FHRERTHIIZT Ny A
IZ A5 Ccputime(1) % FE(TIENILFHERMIZRRINS.
[49] tstart$
[650] fctr(x~10-y~10);
[[1,1], [x+y,1], [x"4-y*x"3+y~2%x"2-y " 3*x+y~4,1], [x-y,1],
[x"4+y*x"3+y~2xx"2+y " 3*x+y~4,1]]
[61] tstop$
80msec + gc : 40msec

Section 6.14.5 [time], p. 89, Section 6.14.8 [currenttime], p. 91, Section 6.14.1
[ctrl], p. 84.

6.14.7 timer

o
sm
k]

timer(interval, expr,val)
o HIBREERE D X CEHE A EITT 5.
return R
interval — HlIBRIEE ()
expr AR 5K
val A IZLDHEIREOR Y E
o timer() &, Rl ZfBE L CEtHE 27T 5. BERMNIZHEN T T L2GEZDME
Y. RERREIPIZEAEDNZ T Ukd o 723546, 3 3 518K .
o 3 BIEDMEIL, BIHENZE T UG EDMEERITEE2HELRD .
[0] load("cyclic");
1
[10] timer(10,dp_gr_main(cyclic(7),[c0,cl,c2,c3,c4,c5,c6]1,1,1,0),0);
interval timer expired (VTALRM)

0
[11]
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6.14.8 currenttime

currenttime()

o BUEIR A % B A

return 1970 1 H 1 H 0l 043 0 B & DfGEM L.
e currenttime() FHERZI 2K T . UNIX DEH, time(3) ZIFATWASZITTH 5.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep(interval)
c T ADETEEIL

return 1

interval {ZIERRE (1 20 )

e sleep() I, 7R ADFEITEIFEIET 5. UNIX D4, usleep ZMEATWS 72T TH
5.

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

6.14.10 heap
heap () D HEDOE —TDORE I &R, (BALANA )

return H AR
o BIEOE —TDREI(HAL: N1 B) 2iBT. b —T LI, Asir DX £ I F A%,
A—YFTU T I LREPEPNE AT OFEET, F—_TAL 7 RXIZLDEHINT
W5, 7as g AOEMERIX, b =T OREIEIHEFAEBDOTHD, EAERVOEEZ Z
ATCRELBRSIIGEIZIE, OSIZEB ATy TITY TADGHAEENIZFE A DA
il %2 B Z &z 5.
o EAEVDPDLRWEGAIZI, BEIKFD-adj A 7> a itk b, GC EHRDOFHEEIT-T

BABEND 5.

% asir -adj 16

[0] load("fctrdata")$

0

[97] cputime(1)$

Omsec

[98] heap();

524288

Omsec

[99] fctr(Wangl[8]1)$

3.190sec + gc : 3.420sec

[100] heap();

1118208



Chapter 6: Hl A AEGEL 92

Omsec

[101] quit;

% asir

[0] load("fctrdata")$
0

[97] cputime(1)$
Omsec

[98] heap();

827392

Omsec

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

1626112

Omsec

[101] quit;

‘

o

i Section 2.4 [AR Y RS A4 Y+ T a V], p. 5.

6.14.11 version

version()
w Asir DN—V a v EIRT.
return H R %
o Asir DNN—V 3 VEHARBTKT.

[0] version();
991214

6.14.12 shell

shell (command)
command >z R UTHEGTTS.

return H R

command X FF|

o command % C Dsystem() I LD Pz a~v Y R UTHEITT S, Yo )VDKT
AT —RAA&ERT.

[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



Chapter 6: Hl A AEGEL 93

cyclic is r sugar
0
(1]

6.14.13 map

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

2 AN, BAORERICHBEEHT 5.
return argd) LEUHDOA 7Y =2 b
function — BE£

arg0 YA N, RZ MV, 75
argl ... EE R DEIE)

o arg) DR EREE R DFIE, argl AR DD D58 U T function % FE-OH L,
arg0 DX 2 ERZROMEIZHBIEFCH U DFERP AR UBOY 7Y 7 bEAE
B U TR
o function I&, X 7N+ — bDRWVEELEZ NS,
e function \Z 7027 T LAAEBIIMHZ 72\,
o argl) 7 A L, RZ MV AN DE G, BiZarg0, argl, ... Z51#& U T function %
MEONH U Z DR %2 KT
e map D5[#function TH Z 6N DL, WEHIZ BB L L TEEI N TWARITIE
RO, Z 5 TRIFIUL parse error (27825, fil Z 1Xmap HH X car, cdr 7 & IEAER
FNZIXBREL TR <, Asit D3FEIZBIT2F—7— R LTHEEINTWS. Lzhio
Tmap DOF|#Zmap # & 5T L IETER\.
[82] def afo(X) { return X°3; }
[83] map(afo,[1,2,3]);
[1,8,27]

6.14.14 flist
flist ([mname])
s BUEERINTWHEBA 2 XFS ) A b UTRY.
mname EVa—ILE
return XFH DY) A
o BUERHSNTOAHAARBR, 3 —P5E BRROBES & 7 ) 2 b & LTET
EVa—VAPEINLGE, TOEYVa2a— LV TEBINTWVWAEBADALZIERT.
o VAT LHBDEIZI Y ERKBIWL.
[77] £flist(Q;
[defpoly,newalg,mainalg,algtorat,rattoalg,getalg,alg,algv,...]

6.14.15 delete_history

delete_history([index])
s BARYZRHETS.

return 0
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index MELEZVWEA MY DES

o BIBNRVWEE TNETEMHELEZEAN) Z2R2THETS.

o HIENVHBLE TOHEZTOMERDOAHET 5.

o ZITRAMNIEIZ, BE2EDTa ML TOANZGGL THSNZAT,
ZORIFenumber IZEVEIDHT I ENTEE. ZDZ i, A—RyyaLryay
DEIZH ZDOANPEEFRL I L 2 EKRT 5.

o KERANLAM) UL THESEGE, UBOXE)EHIZLELZRTHAENL W
&, bsave() 7RETT7 7 A WIZE—T LT, delete_history() 2L DA MY ZiHE
LTBLDVREMTHS.

[0] (x+y+z)~100%
[1] @O0;

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

6.14.16 get_rootdir

get_rootdir()
2 Asit DV—hT 4 L7 MUK EID HT

return XFF
o UNIX RDGE, BREEZAFIASIR_LIBDIR BEXRI N T WA GHIZIEZTDHE, TN TV
W& 21X /usr/local/lib/asir’ Z K.
e Windows XD 4, ‘asirgui.exe’ DdH 2T 1 L7 bV (‘bin’ LW I HETDIXT TH
2) DT LT MUBEREIND.
o ZOBBMNKRTT AL MNIZEFRMEL UMM SALEIBET S 1I2LD, 1R
=SNG L ORWNT 7 ANGAAATO T T LE2ES LN TES.

6.14.17 getopt

getopt ([key])
s ATV a vDEERT.
return AT N

o I—WEZRBBIL FEHEEEIFHTLUNES TSRV, 2—YEHRBAKTILMHES %
FIT2HED—DL LT, A7V a Vi kBE[DIEEMN D 5 (see Section 4.2.12 [F
TV a VIRE], p. 24). fREINA TV 3 VEBRNTRZITINS 7212 Z D% E A
W5,

o WA T INZEGE, getopt O X [[keyl,valuel], [key2,value2],...] 725
YA RN%ZKT. 22T, key (ZEABIFCH URHIZIBE I N4 7Y 3 v, value 137D
BTH 5.

o HHBITOH L DB IZkey ATV a v LTHEINTWEEAIZIX, TOMEEKRT.
L UIREN WA, VOID BA 7Y = 7 b (BRI 1-1) 23R T . getopt () AR
UT-iDH % type () THNRD I LT, TDA T a UDMBEINTZNE D hifIRE Z
EINTES.
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o HBITUH LIZBITE AT Y a vofaEld, EHROBIELR S VDB AIZ,
xxx(A,B,C,D|x=X,y=Y,z=2)

S =

EWSJEIZ, 7 1ZHEL , key=value ®*,” TRYI SNV EEL Z & TS,

SR Section 4.2.12 [# 7' 3 V18], p. 24, Section 6.8.1 [type], p. 71.

W

6.14.18 getenv

getenv (name)

c BRBEAOMEERT .
return
name &2l

o RIEZ M name DIEZIKT .

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

95
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[}

1

7T DEHETAE

7.1 OpenXM

Asir 1, A BEIRICB T 58F 78 b3k LT, OpenXM (Open message eXchange
for Mathematics) 7 B2 h 2 V2 H L TW5. OpenXM 7 H Y £ 7 MZDWTIE,
http://www.math.sci.kobe-u.ac.jp/OpenXM/ ZZME L TIEL .

OpenXM 7O b I)ViE, FE LU THFEA 7Yz b2 70w ABTROE DT 572D

BRI TH 2. OpenXM IZH W\ Tk

1. client A% server 12X U CEHBEFETHERBDORA v -V %% S,
2. server DElIHEEFE(TT 5.

3. client 7" server IZAEHIEMKFD A v £ —T %% 5.

4. server |AEHRZIK U, client I$FEHR %2 ZITH S

EWSTETHOBEHEMMTHONS. server FARY IV ThHD. bbb, client 5
EONZT—RA TV 7 M, FEENRVRD server DA Ry ZIZRE N, 3~ > KAik
SN, BERZITAZR Yy I T —X 2RO HE LT, BEOHELDOFI LT 5.

OpenXM (2 E W TR Z & 13, FHERRIZHIZ server DA R v ZIZHENS 21T
T, client 7> 5 DKIAD R NIRD | JBERIZT — X IFMNBVE VWS HNTH 5.

ZahaniZiF, A7V bOREET A —< v M EBET H5CMO (Common
Mathematical ObJect format), 7' 0 & 229 % B % 5 & 9 5SM (Stack Machine
command) BEEND. INHIE, T—XERXEDIBIZ, T—XOBEEHEZEET 572HD0X
expression £ LTI v ¥V 7INb.

OpenXM (Z X B EGEHE 21T 5 HEIZIE, £77, server 2325 BT, @fE2 RIS E 5
RBERDHB. ZD7-DIZ, ox_launch(), ox_launch_nox(), ox_launch_generic() 72 & D
BB HEINT WS, X517, BEDAL U 7= server (2 UTEARD & 5 R EREDBIE
LTHEZNATWS.

ox_push_cmo ()

T — X % server D AR v ZIZFEE

ox_pop_cmo ()

T — X % server DAX Y P SHED HT.

ox_cmo_rpc()

server DA OH LU, FERE2 A X v ZIZHED.

ox_execute_string()
server [E4 D1 —Y S3E(Asir 72 5 Asir S3f) THPNTZ XTI % server D35
TU, KR E2 AR Y 712D,
ox_push_cmd ()
SM a <Y RDEfE.
ox_get ()
BEIEERIZH 2T — X DOELD H L.
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7.2 Mathcap

server, client & £1Z, OpenXM THEINTWVWAHE2THOCMO 74 —~Y N, SM I~ K
ERELUTVWSLEIEFRS 2V, HFOHSRWT—&, ax v NEko 2546, BUR TS
FEPHETE R, 20770, OpenXM T, 5% LHOHWOH H— k3 3CMO, SM O
VANEZHU S > T, HFOHSRNWT —RERXESRVE T BEHMAZIRIEL TW
5. ZD7=HDT — R Mathcap TH 5. Mathcap (FCMO £ LTIFVANTHY, TOHE
13 32 bit BEF 2 IIXXFHTH 5. BIEDHEE TIE, Mathcap IZEZA3 DY AT

[version # 5, server £],SMtaglist,[[0Xtag,CMOtaglist], [0Xtag,CMOtaglist],...]]

E\WSE%E L TWA. [0OXtag,CMOtaglist] 1%, OXtag TRINE AT TV DT — XITX
LT, YO LS57%CMO MEMATHEN»ZRTEDTHS. ZORERZEREHT 2k,
Z ¥ ox_asir’ DL S 12, CMO T — X BIAMZ, Asir HHEDTF—2EARIZE D, CMOX D %
COMBEDT —REZEFEEITAD I L ZRES.

T — ZEEDBRIZ, fHF 7 0 AD Mathcap D3RRI BRI T WD 4, Mathcap 12 &
5F v I BITIDEMNIE, ctrl I Y RD"ox_check" A1 Y FIZIDIRESL. ZDAA
v FOMAEIZ L T, Fv 2T 2 EKT S, ctrl("ox_check",0) IZXDF v
I ERITDIBRNEDIZTES.

73 ARy o<y rax i
ARy I AR Y RIE, ARy 7TV THD server (IS PDEIEZRITHOEB72DIT
HAEINTWS. W<220av Y N, K<HVWOHNBET, ioav v N, 7=kt d
12, Asir ORI AAABBIZ L D ESNE D, =PRI H 2 IV R2ELBENRL
EUIEET S, Ak v o< a<y RN 32 bit LFOEETH Y, ox_push_cmd() I ¥V
RTREETES. UFT, REMNLAZYy 72> a<y RIZOWTHHT 5. SM_xxx=yyy
T, SM_xxx %% mnemonic, yyy WMETH 5.
UFT, AZy 06T —REWMOET LI, AXvID—FENST—XEINDKRL Z
EEED.
SM _popSerializedLocalObject=258
server 2¥ox_asir’ DFEHIZ, BT LHCMO TEHRINTWVWARWAT I F b
ARy 7RO H L, @ERKICHRT.

SM_popCMO=262
CMO A7V =z h2ARY ZIPSEID L, BERIZHT.

SM _popString=263
ARy 76T — RO MU, AEHEAOXFIN AL CERGIKIZIRT.

SM_mathcap=264
server @ mathcap & A& v 7 IZFEE.

SM _pops=265
ARy IIWOMDHUZT— X2 E LT, TR ARy IhET—&
ZHLO BR<.

SM_setName=266

ARy VIO T—REERHELUTMOHL, MO LT — 2 &2 Z D%
BUZEID Y TS, ZOHID YT, server EHEDOWLELE L Tirbhb.
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SM_evalName=267
ARy IMOMOHUZT =22 B2 LT, TOEZ ARy ZI1Z8E 5.

SM _executeStringByLocalParser=268
AR IPOSEYD H UT-T — & % server [ D parser, evaluator CTHUIELL | &
ReARy 71Z#E 5.

SM_executeFunction=269
ARy G, B, SUBOMEE, s 051 820 U, B ZROHL
WRE2ZXy 7I128E5.

SM_beginBlock=270
T—R7uvIDIFLED.

SM_endBlock=271
F—R 70y 7DD

SM_shutdown=272
server & DRAZZYIWT U, server 2/ T X H 5.

SM_setMathcap=273
AR DT —R% client D mathcap & U T, server (Z&Hk% Bk 5.

SM _getsp=2T75
BHEARZR Y ZJIZEENTWET —XOEE AR Y ZIZ#HES.

SM_dupErrors=276
BHEARY ZITEENTWE ATV 27 bOWN, TT7—F 77 hDOAZEY
AMZIUT, ARy ZI1Z#HE5.

SM_nop=300
RIZH LR,

7.4 TN

SEGEHEIZBWTIE, —fRICT Ny ZBREHEL 725 . ‘ox_asir’ TBWTIE, T\ 7 D7)
DWL D OREREZ FEJEL TV 5.

741 TS5—F T b

OpenXM server BWETHIZT T =2 I L2GE, FEROPDVIZCMO T7—F 7T =
JMNEARY I, 2547V M, e 5SM I ROV Y 7IILVESE,
IT—RAYE—=UDN6RYD, ZHNIZLE-2TEDSM IX Y RREDLS T I—% LI LT
N HFEEHIHT 5.

[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 Vv k

ox_reset ) IFBFEFEITHD server ZV Yy FLUT, IV REZIFMNIFREBIZET. ZO#
B, WMHEDAsir ¥y ¥ a VIZBIFEF—FK— NE[DAALIZIZHEBEIZ, OpenXM server
VLY bTES. 72, (oD DHKT, @EHEDT — X2 > 72 £ £ DIRAETox_rpc()
mERFETTBHE, ox_pop_cmo() Y, ARV INSDORMYHL &, ERIZHEENS T —X
DHIEDRARIEIZLD. ZDOXIBRGHEIZLENTH 5.

743 TNYITHRY TT v T4 KD

server (21, client 1285 1F % F —H— NIZHE T 5 ANBERES 72\ 728, server I TEIFEL
TWBA—YEFHETRT T DTNy TIRWNEIZRS. TD7d, server fHITHO—HFFE
THT I LFEFHDOLT —B K, client 2*5 Dox_rpc(id,"debug") FEITIZ &L D, server
TN T Ay REANTBODNER T4 Y RUBKRY TTv 745 20U 1V R
T 6D AT B H I, log D xterm’ IZRRINDE. ZDV 1Y RUZEHALSIC
i, quit Z AT X &KW,

7.5 SERGEHEICBE S 5 BIEK
7.5.1 ox_launch, ox_launch_nox, ox_shutdown

ox_launch([host[,dir], command])
ox_launch_nox([host[,dir] , command])

p EME 7O AD0RH B K CEEZRT 5.

ox_shutdown (id)

D EE TR AT I, EEEKT T 5.

return B
host XFHNEZ1F0
dir command
X
id I

e ox_launch() (&, " A Mhost E T3~ Ncommand Z&ZEH L, ZD 70t A LjdfE
ZBIET 5. 518D 3 DDA, host | T, dir 28 %‘ox_launch’ &\ 5 ¥ —Njid
B0 7 L% S BT S, ‘ox_launch’ (Zcommand ##E T 5. host 5 0 DIHF,
Asir BEIELCWA Y Y Y ETa~v Yy R2REIT 5. 58D E, host 10, dir
lXget_rootdir() TRINET 1+ L2 MY, command XA UT 1 L2 bV Dox_asir’
ZEIKT 5.

e host 210, 7205 Y —/N% local IZEENT 2EEITIE, dir ZEKTES. ZOHA,
dir l¥get_rootdir() TRINDT 4 L7 MY &b,

o command 73/ T E 5 XTI DGE, M NNA LRI NS, ZTNUANDHE, dir
PO DN N L EIRE NS,

o UNIX iRIZBEWTIZ, ox_launch() &, command DFEEHEH Ty, #EHET 5 — 1)) % KR
I 572 D'xterm’ ZHENT 5. ox_launch_nox() I&, X R UDIREDGE, HDH WV
X xterm’ Z BT —NELE EIFB5EICHVWS. 2084, command OH
& /dev/null’ IZ#HEE S D, ox_launch() DA TH, BREEAIDISPLAY W E I N
TWRWEEIZIX, ox_launch_nox() & [ UEIfEZ 9 5.
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RENBEBILEED DDA T L7 5.
Asir L3BET 5 70 AEA—DO~ Y Y ETEfEL TWAREIZR\, £72, BECE
I %34 b A — X1 server, client [ TD A D negotiation TR X 5728, lFLD~
VU ENA MA—XPRL ST THEDR.
host IZ¥ ¥ V4 EIEET 250, LTOMREHILETHSH. T I T, Asir DE)WT WD
RANZA WBEHFO 7O AREHINEKRAN%B £ T 5.
1. AA BB D/ .rhosts’ IZ, "AMA DHRA N EBHT 5.
2. ‘ox_plot’ R, X & DIaIXT Y avEHWONEGE, Xserver I L, BEREB
A b % authorize 5. xhost THELRF A ML ZEBINTIIX I W,
3. command \Z Lo TI&, ARy 7% KEIZFHTE2EDEHS57-0, ‘.cshrc’ TA
Ry 7P A X% KRED(16MB BE) ITHEL TB DWW LETHD. ARy 7Y
4 Xl¥1limit stacksize 16m 7R & LIBET 5.
command 25, X 274 > R Y %2256, display B EE S WX O XX 7H %,
BRI I IS BRI A SUDISPLAY D% FW 5.
BEBEASASIR_RSH D32 v h SN TWABHE, ¥ —1"DNH EiF 7 eI L8 UTirsh’
DR DIZZDEBDEAHN NS, HlZIZE,
% setenv ASIR_RSH "ssh -f -X -A "
W&o, =D H EliFiZssh’ W S0, X11 DEED forwarding b, FL
ldssh’ DY = a7 ISR
ox_shutdown ) 1&ilAl Fid (RN T bEfE 7O A 2K T 5.
Asir DIEH U725 EIZIEE2TO AT A MY — LAIZHBEBRIZEL s, BEX TV
570 AFETHRTTH0, BEKRT UGS, BB 7 AT LangEEsd
%. Asir BEFEERT UGS, @R 7o A28 Lz y Y ETps 22 EEL T,
H UAsir PoREI L7270 A0 > TWA LA, kill T2H20ENH 5.
log &/~ ‘xterm’ (X‘-name ox_term’ A 7Y a3 VClEEI I N5, Lo T, ‘ox_term’ 74
%)Y =AU Tixterm’ DV Y —ARKE 21T AL, log H‘xterm’ DEEE D A% 2
ABIEMTES. HIZIX,
ox_xterm*iconic:on
ox_xterm*scrollBar:on
ox_xterm*saveLines:1000
12L& D, icon THEHE), scrollbar D &, scrollbar TEHIRT & 278D &K 1000 17, £\ D
RENTE 3.
[219] ox_launch();
0
[220] ox_rpc(0,"fctr",x~10-y"10);
0
[221] ox_pop_local(0);
[[1,1], [x~4+y*x"3+y~2*%x"2+y~3*x+y~4,1],
[x"4-y*x"3+y~2xx"2-y " 3*x+y~4,1], [x-y, 1], [x+y,1]]
[222] ox_shutdown(0);

Section 7.5.5 [ox_rpc ox_cmo_rpc ox_execute_string], p. 103, Section 7.5.8
[ox_pop_cmo ox_pop_local], p. 105, Section 7.5.15 [ifplot conplot plot
polarplot plotover], p. 110
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7.5.2 ox_launch_generic

ox_launch_generic(host,launch,server,use_unix,use_ssh,use_x,conn_to_serv)

c EME 7O A0EH B K CEE BT 5.

return B

host p&EIE =4

launcher server
el

use_unix use_ssh use_x conn_to_serv
B

101

e ox_launch_generic() I%, & bhost £ C, 3> bu—)L 70+ Xlaunch L OH—

NT Ut Aserver & &LH) T 5. ZDMDFIEUL, T 5 protocol DFEEH, X D
fiH, rsh/ssh 12 & & 7’0 A#LH), connect HIEDIBEREEZITI ALY FThHS.

/R

e host 7' 0 DIGE, Asir D’EIEL T\W5 ~ ¥V EIZ, launch, server 3.5 EIT5. ZD

%54, use_unix OAEIZH D34 &3, UNIX internal protocol SV S5,

o use_unix A3 1 MG E, UNIX internal protocol Z W\ 5. 0 D4, Internet protocol

ZHW5.

e use_ssh 78 1 DHf, ‘ssh’ (Secure Shell) (2L D I b —)b, H—NTOXLRA%ZNLH
EiF%. ‘ssh-agent’ B EZFHL TWRGE, RAT—-RFOANRBEL 5. HF
JeT'sshd’ DENWVTWARWES, HEIIZ rsh’ WS N B DY, SAT — RHQpngEe

BRBEGEITIX, TDH TREENICEKT 5.

o usex N1 DFE, X ETOEEERIE L, &EINTWS DISPLAY 2%\,

log /R ‘xterm’ D% & Tserver VE) I 5. DISPLAY Z# Ay b I T

N

WIGEIZIX, HEIIZ X 7L DORE L 72 5. DISPLAY 2’AEY)IZ2 Yy X TW\W5BE;

BTk, Ay ha =, Y= ANV I T EOTEEETH .

e conn_to_serv D' 1 DA, Asir (client) AR U 72K — MZXF U, client A% bind,listen
U, ZE X7z 70 AD connect 3 5. conn_to_serv 730 DIGE, EX W 7ok

A D bind, listen U, client A% connect 3 5.
[342] LIB=get_rootdir();
/export/home/noro/ca/Kobe/build/OpenXM/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
[348] ox_launch_generic(0,LIB+"/ox_launch" ,LIB+"/ox_asir",1,1,0,1);
6

SR Section 7.5.1 [ox_launch ox_launch_nox ox_shutdown|, p. 99, Section 7
[ox_launch_generic], p. 101

0.2
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7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])

:: port DR

try_bind_listen(port)
:: port [ZXF U T bind, listen

try_connect (host, port)
:: port {ZXF U T connect

try_accept (socket, port)
:: connect Z3K % accept

register_server(control_socket,control_port,server_socket,server_port)
:: connection M J¥AZ U 7= control socket, server socket O & fx

return generate_port () D AR E 7213 X FF. Z DIFFREL.
use_unix 0 £7z1F 1
host XFF

port control_port server_port
BRF 72 1330S
socket control_socket server_socket
B
o INHDEMIL, EFE T O ALBEERNLIEEZHODTYIT T TH5D.

102

e generate_port() IZEED 72O D port ZAEMT 5. EHIHDH 2 W IEEI N0 DY
%, Internet domain @ socket D728 D port F 5, TNLUNDIEEIZIE, UNIX domain
(host-internal protocol) D7z D, 7 7 1 IV# % LT 5. port &5 % random (T4

INDH, £ D port AMEHH TARWRGEIZ LW,

e try_bind_listen() X, 5 X 537z port IZX L, Z D protocol IZXhts U7z socket % 4
B% U, bind, listen 3 %. I U 72354, socket ihl %K 3. KL -5E, -1 BK 5.
e try_connect() I, 8 A Mhost @ port port {ZXf U connect ZikA 5. ML 7254,

socket i F 2 KT . KL -GE-1 RS,

o try_accept() I, socket IZX3 % connect E3K% accept U, Hi7zIZAK S 117z socket
BT, RMUZGE1 RS, WTNDEEIZH, socket 1L EHEIAIZ close 5.

5l ¥ port 1%, socket D protocol Z¥|H| T 57-DIZE5 X 5.

o register_server() I, control, server £ E N D socket & —iflIiZ L T, server list |Z

EHk L, ox_push_cmo() ¥ THWS 71t Ai#iH] 1 %iKT.

o EE T O ADILENL, shell() E/-IXFETEHS.

[340] CPort=generate_port();

39896

[341] SPort=generate_port();

37222

[342] CSocket=try_bind_listen(CPort);
3

[343] SSocket=try_bind_listen(SPort);
5
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/*
Z Z T, ox_launch %#2E :
% 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
SR Section 7.5.1 [ox_launch ox_launch_nox ox_shutdown|, p. 99, Section 7.5.2

[ox_launch_generic|, p. 101, Section 6.14.12 [shell], p. 92, Section 7.5.7 [ox_
push_cmo ox_push_local], p. 105

7.5.4 ‘ox_asir’

‘ox_asir’ &, Asir DIFIX 2 T DEAEZOpenXM H— N & U TS 5. ‘ox_asir’ I,
ox_launch ¥ 7zl3ox_launch_nox THtET 5. &I X BREZ2H WL WGEED-OIZHE
INTW5B.

[5] ox_launch();

0

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

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

[sumire,rokkaku,genkotsu,shinpuku]

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

[0,1,2,3]

SR Section 7.5.1 [ox_launch ox_launch_nox ox_shutdown]|, p. 99

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", .. .)

n O ADERBIEOH L
return 0
number  #(7'0 & ZFHIT)
func (Epie
command L4
arg0 ... fER(B1%0)
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o WA Fnumber O 70X A DA MO S
o HEDFHRT Z2F/7-3, EHBHIZ0 2T,
e ox_rpcO) &, U= \DVox_asir’ DHFEDAHNE Z N TE 5. TNUNDHEI,
ox_cmo_rpc() ZFH\W5.
o KENIK T E IZox_pop_local(), ox_pop_cmo() IZ K DHLD HT.
o Y — \DYox_asir’ D H D (HIAIX Kan ¥ — YV ox_sm1'72 &) DEFAIZIX, Open. XM
TRRAVTHR-PINTVWET —ZDAEZED ZENTED.
e ox_execute_string I%, X5 72X FFllcommand YV —N\HHLDLI—HFFHEN—Y
THERT L, S U 724531 2 —ND A Xy 7 IZEL KD IZHERT 5.
[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
i Section 7.5.8 [ox_pop_cmo ox_pop_local], p. 105

7.5.6 ox_reset,ox_intr,register_handler

ox_reset (number)

s 7R AD) 2y b
ox_intr (number)

At ADIZSIGINT A

register_handler (func)

7R ADY) Yy N7 D EBCE

return 1
number (70 & A T)
func BIE T £721%0

e ox_reset() |&, i Fnumber DAt A%V Y b, AX Y NZIFHITIREEIZT 5.

o TOTUXANIUIEZH LU, HEIVIIEHEZESH LT DT -2 555, Thz
eEEEAL U, BNy 77 2 RIZ U TR S.

o 77U ANRUN REBDHETH, HIDAAI K VEHIMIZEREZKT I E5.

o NHGEIHEZITOWBDLHET, HT L 7o AT U THEITT 5. H50IFEHEERT
TOH RN S,

e ox_intr() I, @A Fnumber @ 70X X% IZK U TSIGINT % %fF9 5. SIGINT (ZXf
TAH70 L ADOHEEIIHESINTWVARWVD, ‘ox_asir’ DFE, 7272517 debug mode
WA, X ETEMELTCWABEGE, TNV 7 aAX Y RATHAD Y 1 Y RUBRERY IT7 v
795,

e register_handler() I, C-c REIWC KB EIVAADERIZ, u ZIHET 5 Z & T, 5[5
a2 —YEZRE B func() BPIFOHEIND LD ICHRET D, ZDOBEEUIZ, ox_reset () %I
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OHEE2Z 2T, #DIAADBIZ HEIIZOpenXM server DYty h %475 Z &N
TE 5.
o func 20 ZIEETHIL T, REZMRTE 5.
[10] ox_launch();

0

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

0

[12] ox_reset(0); /* xterm DU 4~ KUICIE */
1 /* usrl : return to toplevel by SIGUSR1 MFTRIND. */
[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 7(q/t/c/d/u/w/?) u

Abort this computation? (y or n) y

Calling the registered exception handler...done.

return to toplevel

g Section 7.5.5 [ox_rpc ox_cmo_rpc ox_execute_string], p. 103

o

7.5.7 ox_push_cmo, ox_push_local

ox_push_cmo (number, obj)
ox_push_local (number, obj)
:: obj %A ¥ number @ 70 AITIE(F

return 0
number (70X AFHHIT)
obj * Tk

o #JFnumber ® 7 W& AIZobj ZEEFT B.
e ox_push_cmo &, Asir PAADOpen_ XM ¥ — NIZEEF T HERICHWS.
e ox_push_local ¥, ‘ox_asir’, ‘ox_plot’ IZT —X 2 EDGEIZANWDE I LN TE S,
o N T 7H Vo EWIZRSBRWRYD, 72261 ERT 5.
it Section 7.5.5 [ox_rpc ox_cmo_rpc ox_execute_string], p. 103, Section 7.5.8

[ox_pop_cmo ox_pop_local], p. 105

7.5.8 ox_pop_cmo, ox_pop_local

ox_pop_local (number)
e A Fnumber o T — R %59 5.

return ZIET— X

number  #(7'0 & ZFHIT)
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o 70 AW Fnumber DT UL ANS T —X%E%ET 5.
e ox_pop_cmo %, Asir ZAAADOpen XM Y — N\ 53259 5BICHNWS.
e ox_pop_local I&, ‘ox_asir’, ‘ox_plot’ 6T — X EZZITWMABLEIZHWS Z LW T
5.
o V= \WEHEFDEAET O Y 7T 5. TRk 5720121, ox_push_cmd TSM_popCMO
(262) % 7-1XSM_popSerializedLocalObject (258) Z %> TH &, ox_select T/
Y AN ready 127> TWB Z & ZMENPDTH Hox_get THUTL L.
[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);
[000]

R Section 7.5.5 [ox_rpc ox_cmo_rpc ox_execute_string], p. 103, Section 7.5.9
[ox_push_cmd ox_sync], p. 106, Section 7.5.12 [ox_select], p. 107,
Section 7.5.10 [ox_get]|, p. 107

7.5.9 ox_push_cmd, ox_sync

ox_push_cmd (number, command)
7 a R Fnumber ® 70 Y 2123 < Y Ncommand %E(ET 5.

ox_sync (number)
¢ 70 AN Fnumber ® 70+ ZAIZ0X_SYNC_BALL 227 5.
return 0
number (70 & AFHHIT)
command (3~ ¥ Rinl1)
o BAF-number ® 7t A2 K £721Z0X_SYNC_BALL #3%(53 5.
e Open XM IZBWTiEZ(ET — X I1XOX_DATA, OX_COMMAND, OX_SYNC_BALL®
JHEHEIZO»PNG. @, I~ NI o2 OBIEICMAIEL TRERD S BIZE EI NS
M, INEI—FREINED ZWEEIZHVS NS,
e OX_SYNC_BALL (Zox_reset (Z K ZEIE TN, HIROBIZEZEFEINE N, Tzl
BNZED WG EICHWS. 0, BHFEIRETIXOX_SYNC_BALL 3 I N5,
[3] ox_rpc(0,"fctr",x"100-y~100);
0
[4] ox_push_cmd(0,258);
0
[5] ox_select([0]);

(o]
[6] ox_get(0);
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[[1,1], [x"2+y~2,1], [x"4-y*x"3+y~2%x"2-y " 3*x+y~4,1],...]

SR Section 7.5.5 [ox_rpc ox_cmo_rpc ox_execute_string], p. 103, Section 7.5.6
[ox_reset ox_intr register_handler]|, p. 104

7.5.10 ox_get

ox_get (number)
2 70 R Fnumber D 7O ANS T —XEZIET S,
return ZIET — X
number (70X AFHHT)
o 7L AFHFnumber 7O AMNST =R &GS H. B A MY — A LIZT =&
NHBIELERELTNS.
e ox_push_cmd &flAGDLETHNWS.
e ox_pop_cmo, ox_pop_local ¥, ox_push_cmd &ox_get DflAFLE THEEINT W
5.
[11] ox_push_cmo(0,123);
0
[12] ox_push_cmd(0,262); /* 262=0X_popCMO */
0
[13] ox_get(0);
123

SR Section 7.5.8 [ox_pop_cmo ox_pop_local], p. 105, Section 7.5.9 [ox_push_cmd
ox_sync|, p. 106

7.5.11 ox_pops

ox_pops (number[,nitem])
o 7B ZAA T number D THEADAR Y xS T —RERD L.

return 0
number (70 & AFHHIT)
nitem HRE

o Ut AFHFnumber DAY ZADAR Y ID 5T —REID RS . nitem MEEX
NTW5E Initem ], FEE DR WG EIE 1 LD FR<.
[69] for(I=1;I<=10;I++)ox_push_cmo(0,I);
[70] ox_pops(0,4);
0
[71] ox_pop_cmo(0);
6

N

o

i

0

Section 7.5.8 [ox_pop_cmo ox_pop_local], p. 105

v

2l

7.5.12 ox_select

ox_select(nlistl[, timeout])

. Bl U TR 70 A O T 8
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return 7 QR N
nlist B(7 a2 2385 1) oV A b
timeout 4

o WF VA bulist DT OEADS BELZH A EZK L TWE Tt ADHHIF Y X~ %
B

e ETDTUEANRUN REDOL E, WTNLD T O ZADMK T %2 FD. HL, timeout
PHREINTVWBEEE, timeout F7Z1IFFD.

e ox_push_cmd() TSM_popCMO & % \\dSM_popSerializedLocalObject ZiXk> TH &,
ox_select () T ready RFED 7O XA %R Tox_get() $5Z LT, ox_pop_local(),
ox_pop_cmo () THRBIRFEBIZADDZEFS Z N TE S,

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

SR Section 7.5.8 [ox_pop_cmo ox_pop_local], p. 105, Section 7.5.9 [ox_push_cmd
ox_sync], p. 106, Section 7.5.10 [ox_get]|, p. 107

7.5.13 ox_flush

ox_flush(id)
= EENNY 7 7 OR@Eifl flush

return 1

id ERACR AN ViES

o BHEIINYFE-FEof THY, T—X, AXY REEFITLITHENY 7 713 flush
n5s.

o Ny FE—NiF"ctrl" I ¥ FD"ox_batch" A1 v F Ton/off TE5.
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o M WT—XELEEDIGEIZ, ctrl("ox_batch",1) TRNYFE—RZ on 1235 &,
N T 7PN W o G EIZ DA flush TNB 728, overhead DV/NX K B 56
WdHD. 12770 ZDGEIZIE, &tk iZox_flush(id) 2FEIT LT, /Ny 7 7 &Gz
flush T2 HBENH 5.

e ox_pop_cmo, ox_pop_local DL 2, AT Y REEH/ZEBIZT —RXFRHIZA BB
MNAYTZURWE D, 26 OBEOWNE TIdsE] flush ETINTVWS,

[340] ox_launch_nox();

0

[341] cputime(1);

0

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

1

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

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

9.6e-05sec(0.01317sec)

%

Z iR Section 7.5.8 [ox_pop_cmo ox_pop_local], p. 105, Section 6.14.1 [ctrl], p. 84

7.5.14 ox_get_serverinfo

ox_get_serverinfo([id])

:: server D Mathcap, BIfErh D 71 & 2G5+ O EUSE
return A b

id T 7'a X AT

o FIid 23 B L X, Tuat AF#HFid D 7O AD Mathcap 2 Y A b& UTKET

o SR LDL E BIEEEFD T Tt AGA] T8 L U%F D Mathcap 678257 %,
AFMELUTRT.

[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,
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] ,
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[1,2,3,4,5,2130706433,2130706434,17,19,20,21,22,24,25,26,31,27,33,60],
(0,111111

Section 7.2 [Mathcap], p. 97.

7.5.15 ifplot, conplot, plot, polarplot, plotover

ifplot (func [,geometryl [,xrange] [,yrange]l [,id] [,namel)

p 2 BREBOFEH ETCOERERRT 5.

conplot (func [,geometryl [,xrange] [,yrangel [,zrangel [,id] [,namel)

n 2 BHBEBOFEH L TCOFEMERRT S,

plot(func [,geometry] [,xrange] [,id] [,name])

s 1 BB O T 7EERRT S,

polarplot(func [,geometry] [,thetarange] [,id] [,name])

s MBIEATEZ oNn-lifRERRT 5.

plotover(func, id, number)

S TTICEELTWE Y 1 v RUAHGET 5.

return B

ZIHA

geometry xrange yrange zrange

YA B

id number ¥
name p&E

o ifplot() &, 2 ZH B func DE ETDERDI T T7DER%EITS. conplot () I,
FRRD B U, FEIROEXRZITD. plot O &1 BEEIMD T Z 7 DREEITS.
polarplot () IFHRENr=f(theta) THRIN/ZHHRD I T 7 DERR%EITS.

I 51k OpenXM Hr— N2 UTEBINTWS. UNIX ETlE‘ox_plot’ 2%, Windows
ETlx‘engine’ BIN O DEEHEZRIRLLTH D, TN S IXAsir DIEHET A 7TV F 1 L
I RVIZHDB. TIT 1 T7ox_plot’ Did Hid & UTIREINGE, TDHY —1\»
Hwohd. id DIRERZWEEICE, BEIZNTWEY =D 55 ‘ox_plot’ DD
XZDH—N"DBHNSNS. ‘ox_plot’ MEEIXNTWVWARWEEIZIX, ox_launch_nox ()
PHEIIZFETINT, ‘ox_plot’ BB EAY, ZhhHVWLNS.

I DN, func ZMBETH L. TOMDBIEIIA T arThs. A7V arORs
FOZDT 7 )V Ml(FY TN IFIRD@ED |

geometry U4 YV ROV A X% Ry M T[x,y] THET 5. ([300,300]. )

Xrange yrange
ZHR DI DIRE T, [v,vmin,vmax] THET 5. (WTNDEHE [v,-2,2].)
ZD\ENBRWGE, func IZEENDEEHMONERIEF O EDOEB A,
TOZEHMy LU THbNDS. TNxkES 57202 1Exrange, yrange % i
BT D, £72, func N1 BEOGE, Tho DIBEIFBEL 5.

zrange conplot() DHH D AFRE T E 5. X I&[v,vmin,vmax [,step 1] T,
step DHEE S N6 121, 5 &R O A (vmax-vmin) /step £ 72 5.
([2,-2,2,16].)
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id HE 70 ADES, $bbox_launch() WRL=HSZHET 5. (—
BBOEIMESON, DT 7T 14 770 AT 2%5)

name 7 4 Y KU DHAH]. (Plot.) I NZY 4V FUD XA h)liZname:n/m
5. I, o 2AFZEn O TR AD, m FEOT 1 v R EREKT
5. ZOEFIX, plotover() THWHNS.

o ~DDTULALTHETESLY 4 FYDHITHRK 128 HTH 5.

e plotoverO) I&, fHELZV 1V R LT, 5IETH % 2 BHEZIHADEF % LEET 5.

o MERTHDYT 4V KT ET, XUADERZ VZMUEZNSD R Ty 7T ZiEE
URR VBT 72727« v RUDRERI N, 8E LZ®HFEPIEAL TRRINS.
RIw T EENSHTIANLITD. NIV I 2BD-EZEFT Y 2LV THE51F T A
RA VR BIWBED EDEIZFRE> TOW o THREX VZEFIX LW, LW 1 v RUDEI,
FREMIR L ML T, KD, JEDO TV 4 Y RUDHmKAE —HTE2EIITEDLNS.
PAR TS Bprecise 7' on D, IR U 7258 — window FTEEHEIN5S.

e VAV RYNTHRRYZMT L, TORDMEENY « V RUDFHIZRRINS.

e conplot() THEKLZT 4+ Y FIIZBWVWT, V1 Y RUDEMDOY—H%EFRARX TR
Ty I7TEE MNINT BEFEEMDENPLEDLD, G EDT 4 ¥ RUIZHINT 5 L R)LRER
RINDB.

o UNIX JRTIFWLK DDRDERAXZE D WL DD DRELHRE, #ENTE 5. UNIX KT
BIRDRZ VD 5.

quit window Z KT 5. R ZFWT 554G, ox_reset() ZHWV5.

wide (MZIL)
BEDFRRERD 2 MRS 10 £2 U 7282 ZoR T 5. BIERRIN TV HH
FIEZ DRRIZBWTHREIIZE S TREING. ZORRTHPAFEE %
5%, ZOHRFEHL WY 1~ RIZHBE I NS,

precise (ML)
BEPGEE R BRI LD, K0 ERICHEMET 5. 2, func VAR
B D 2 ZELHADGHIZOAEMTHS. ZDE— Tl Sturm 51
EMEIZ LD, KREINOE RO % EMHEIC RO T HDT, 77 4V
NOFEEL D EMEREEIAFRFTE 5. 7272 L, Ml IXREHI 23D
ZLEME . ZOFHHENSIHS PR L ST, T ORREITA RO ZL IH
RO U TOAENTH 5. (x"2+y"2-1)"2 OH{E T L THA L)

formula X9 bRNEEKRTS.
noaxis (b Z'JL)
JE A % 7 .

o ‘ox_plot’ BEHNINEZTIUVIZE T, AZX Y 72 REBIZMHHTEIEDEH 572D,
‘.cshrc’ TARY 7V A4 X% KED(16MB 1E) ITHEL TBDRLLETHDL. A
R 7Y A XlFlimit stacksize 16m 7R E L EET 5.

e XTI, A4 Y FRTDKIEDITDWT resource IZ & D fffIFR, RXVDF %
ZBZBIENTED, resource DIFEDHFIFZUTD@ED, (F7 4V FERLT
<) plot*formkshapeStyle |&. rectangle, oval, ellipse, roundedRectangle
W, FHETE 2,

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

SR Section 7.5.1 [ox_launch ox_launch_nox ox_shutdown|, p. 99, Section 7.5.6

W

[ox_reset ox_intr register_handler]|, p. 104

7.5.16 open_canvas, clear_canvas, draw_obj, draw_string

open_canvas(id[ geometryl)

FEEAEY 2 Y RO (F Y UNR) BAEKT S,

clear_canvas(id, index)

S XY UNREZ)TTS.

draw_obj(id index,pointorsegment [,color])

XY UNARICEELIIES R HET S,

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

XY UNA RIS R RS

return 0

id index color x y

Ry

pointorsegment
DIZSE

string XFH

e 151X OpenXM H—/N‘ox_plot’ (Windows L Tld‘engine’) IZ X D EfiTN 5.

open_canvas (&, filHDY « V' U (F v U NRA) 2 EKT 5. geometry IZXD D 1~
FW@#%X%pmdiﬂT[gﬁf%ﬁTé default size 1%[300,300]. F ¥ > /N A DG
BF-& UT, BEEZ OpenXM “j‘-l\@lﬁ v 712 push 5. 2O Iddraw_obj
DIEOH, L/ IRETHY, ox_pop_cmo IZ K DELY HIUTIREFT 2 MENDH 5.
clear_canvas (&, ¥ —/Vid id, ¥ ¥ /N id index TIREINE XY Y NNA %27 V7T
5.

draw_obj 1%, —/Vid id, ¥ ¥ /N id index THE I NS F v VN AT E 72 134R
ﬁ%#ﬁTé_mmewmﬁ#kﬂ@%ﬁﬁ@ﬁ@ﬁmwﬂaﬁ &xyl, [uv] &
FESKR D ERTERBRING., ¥ U NAOEEEL, £ EEZFEAE U THARNIZEH
— BB, HEST AN AR 2 & B . fE I pixel iﬂf? ET B, color DI/EDH 5
£, color/65536 mod 256, color/256 mod 256, color mod 256 % % #1% 21 Red, Green,
Blue Dffi(fK 255) & AT
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e draw_string &, —/Vid id, ¥ ¥ /YR id index TIHEI NS F ¥ VN AT X TFH]
RS 5. MEIE[x,y] 12X D IEET .

&

7

173
(=]
"

[182]
0
[183]
0
[184]
0
[185]
0
[186]
0
[187]
0
[187]
0
[189]
0

Id=ox_launch_nox(0,"ox_plot");
open_canvas (Id) ;

Ind=o0x_pop_cmo (Id);

draw_obj (Id,Ind, [100,100]);

draw_obj (Id,Ind, [200,200] ,0xffff);
draw_obj(Id,Ind, [10,10,50,50] ,0xf£00£ff);
draw_string(Id,Ind, [100,50],"hello",0xffff00) ;

clear_canvas(Id,Ind);

Section 7.5.1 [ox_launch ox_launch_nox ox_shutdown|, p. 99, Section 7.5.6
[ox_reset ox_intr register_handler]|, p. 104, Section 7.5.8 [ox_pop_cmo ox_
pop_local], p. 105.
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8 U7 FHEHEDHE

8.1 N EIREIZIHLN

SERBLEA L L, ZHAONTEAD—D2TH 5. @E DLIHN(type 73 2) I, FlR#
BEIEENBATREINT VWS, Thbb, REEOEHE FEKEL 5 1 BHLHEKXT,
ZOMDERIL, T D 1 BEREZHADRBIZ, FEBZEEHRVWLZHA L L THNS. 20D
RED, £72, HEILE FELRE TELHAL L > TWBH I ENHHIFRH L IFFIENS.
(x4+y+2°?=1-22+2-y+(2-2) -2+ ((2-2)-y+ (1-2?)
U, ZHAZ, Z2HOEME L RBOMOME UTKRE L 72d D % iR L IE5.
(x+y+z2)P=1-2"+2-2y+2-22+1-y*+2-yz+1-2?
TV T FHEEFHBEICE VT, BIEAZEEH U TEELZ1T D 2OZHEHADRTHMEH I TV
5HMEDNED I WEHENIEEIZRS. ZD70, pEREZIEAD, #5179 ofle L
TAsir Dby VNS HHTREE o TW5E. 22T, BOHADZDIZ, W DD
BERZERLTHEL.
H(term) ZAHOEM. T740bb, FE1 OBEIHADZ &, Asir IZEWTI,
<<0,1,2,3,4>>
EWIETRREN, £/, ZORTANHARTHS. ZOHIF, 5 RHEDIHZ
R, BB %a b, c,d, e £ T 5 & IDIHIIb*c 2%d"3*%e"4 Z KT .
5] (term order)
SMERBL A ST DHIE, ROWEZH T 2IEFIC XD EIIXIN 5.
1. EEOEHL T Lt > 1
2. t,s,u ZIHETHH, t>s 225X tu > su
ZOMWHE % w723 2NET % HIEE & .. Z ONETIXZBIER (8D ) X h)
CHIEPRI (B, VA M EZIE ) Ik viEESI NS,
HIF X (monomial)
THE BRI DT,
2%<<0,1,2,3,4>>
EWHETRRIN, £72, ZOWTANHETH 5.
5ATH (head term)
SAEIET (head monomial)
BE{% % (head coefficient)
SEFHLIHENCE T 2 KRENL, HEFIC X 0B IND. Z OREF &K
ORIEXZHRIERA, TN IH, R8T N2 NEHIE, SHRBE A,

ChangelLog
o NIEBRLHERNIMLEDOA TV 27 b2 FBIZH TS LT o7z, 7D k Bisy
DEFE % IRDER<<d0,dl,...k>> TRIT 5 & 51272 5 72(2017-08-31).
e 1.15 algnum.c, 1.53 ctrl.c, 1.66 dp-supp.c, 1.105 dp.c, 1.73 gr.c, 1.4 reduct.c, 1.16
_distm.c, 1.17 dalg.c, 1.52 dist.c, 1.20 distm.c, 1.8 gmpq.c, 1.238 engine/nd.c, 1.102

ca.h, 1.411 version.h, 1.28 cpexpr.c, 1.42 pexpr.c, 1.20 pexpr_body.c, 1.40 spexpr.c,
1.27 arith.c, 1.77 eval.c, 1.56 parse.h, 1.37 parse.y, 1.8 stdio.c, 1.31 plotf.c
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8.2 FEARM BN

2003 FELARTDORRIZBEWTIX, 7V T FHIEZFHET 2720 OEA 2 E I Ldp_gr_main()
B L Fdp_gr_mod_main(), dp_gr_f_main() 725 3 DOMAAAKETH - 7. BHEIX, N
TRABRBEREZIToTDH I NS 2T T 2 —FEEE2 W2 OWMERTHS. Zho
DI—HEEIX, 7 71 V'gr’ #load) IZ L VFHARL I L IC K W EHTREL 2 5. ‘gr’
1%, Asir DIE¥ES A T 5 ) T4 L7 MVIZEPNTWVS.
[0] 1load("gr")$

BEOHIZBWTIX, nd_gr, nd_f4 R EDOH L WEBMEEINTE D, —fKIZZH
SDOHPMELL TV T F —HEENFHE T E 5 (Section 8.10.8 [nd_gr nd_gr_trace nd_f4
nd_f4_trace nd_weyl_gr nd_weyl_gr_trace|, p. 130).
2003 SELARTORICEWT VT F RIEZFHF T 270D by TV XVIFIRD 3 D TH
5. LARTC, plist 1ZZHAD Y X b, viist [$ZEB(AEITT) DY AN, order IFZEIEFEL, p
132727 KD FEMTH 5.

gr(plist,vlist,order)
Gebauer-Moeller (Z & % useless pair elimination criteria, sugar strategy ¥ & O
Traverso (2 & 5 trace-lifting % Fi\>7z Buchberger 7 )L 3 X LI & 5 HFHEK
RV T FHEGFH R —RIZIEZORRERNS.

hgr(plist,vlist,order)
ANZHERZFIRAL U 72gr O O F' L 7 F R A I & 0 Ak L,
JEF AL, interreduce L7z DEgr() DI VI FRIEF =y IV TF v 2
5. 0 RICY AT L(FROMEED A RIE D HRERR) DEE, sugar strategy 7%
R REZS SR THEDRDH L. 2D XD RIGE, strategy & FIXLIZ L 5
strategy ICBESHA 5 Z LIZ K D IRBIZIRZ TS 2 Z N TE 2 HE0E 0.

gr_mod(plist,vlist,order,p)
Gebauer-Moeller (Z & % useless pair elimination criteria, sugar strategy # & O

Buchberger 7V 3 AL &5 GF(p) ¥V 7 F HEGHA KA

WHAEDRIZBEWTIE, T o IZHY 3 % BEHE Idnd_gr, nd_gr_trace IZX & 5
NTW5. 3L < lESection 8.10.8 [nd_gr nd_gr_trace nd_f4 nd_f4_trace nd_weyl_gr
nd_weyl_gr_trace|, p. 130 Z&.

8.3 FHEE X UFRRDHIH
TV TFREOHBEIIBWT, SFIFRNATAXBERZITD Z ITX VEHE, £R2HIH
THIENTES. INH L, MARAKRSdp_gr_flagsO) ICX D FEESHT LI LA TE
5. R Tdp_gr_flags() 231795 &, BIMEREINTWAH /NI A XN ZETLHED Y
APNTERIND.
[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]
PURT, £/55 X ROEKEFIT . on DEALIL, ST XZN0 THVEAE WS,
INSDINT A RO IZETO (off) Thb.

NoSugar on D, sugar strategy D4 0 IZ Buchberger M normal strategy 23V 5
na.
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NoCriB  on D&, AOEMRERIED 55, HAEB 2 L.

NoGC on DGE, FERNIT VT FREIZRSTWENESRDOF =y 7 2I7H7\.

NoMC on DGE, FERVBANA T TIVEREDA TTIVCHENE DI PDF vy I %
Thw.

NoRA on DEE, fER% reduced 7' L 7 FHJKIZT 572D interreduce Z 1772\,

NoGCD on DGE, AHEABRED IV 7T FRHIEFHIZBEWT, ARSI N2 HAD, (25K
D content & & 572\,

Top on D&, normal form FHEIZE W THHEEEDAZITS.
Reverse on D&, normal form FHHE DEED reducer %, FHrL < ER I N72H D % Ex
U CHES.
Print on DGE, VT FREHBEORPIZE I} 5 FIFRERERRT 5.
PrintShort
on T. Print % off D&, 7'V 7 FEEEHEOBRHPONEHRZ ML TR RT 5.
Stat on TPrint %% off 72 5 (X, Print 23on D& TRRINDE T —X DN, HEitT —
RDANRRIND.

ShowMag on TPrint #%on 2 61X, AW ER I NEHIZ, TOLHADKHOL Y M E
DMZFRRL, BfRIZ, TN O DHMOImAEEZ KRS 5.

Content
Multiple O CTHRWHMBHOR, AEH LOERKEEIISVWT, fHory NEOR
MContent fiFIZ72 5 Z L ITRHEARD GCD HEHE I, D GCD TH|-7-%
HAZ T 5. Content 31 226 1E, ffifyd 5 Z 212 GCD FHEMMTHhI—fik
WIZERBE L 72 505, Content % 2 FEE L T 5 &, ERGBBAIRBUZHNS
Bie, MRV RL 255650 % 5. backward compatibility D728, Multiple
TEHEZIRETE 5.
Demand
EXNRT L7 MYAHCCTFY]) 2B L &, ARSI NLHRIEIAEY
ZBEPNT, TDT 4 L7 MUVHIZNS F YT =X LTEIN, TOLIEAE
A\ 5 normal form FHAEDE, BEIWIZA T ) dizu— NI b, £ZIEHAIL,
WEBTDA VT v I A% T 7 A NVHIZRED 7 7 A VICKIIE NG, T2 THRE
INZT 4 LI MVIZEINZT 7 AOVIFEBIZIZEESI NV, 12—
PUREMLER > THETOIHEDLRDH 5.
Print 70 THRWEAIRD L ST — X BRERRINS.
[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
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....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]

BAIZRR T D mod, eval I, trace-lifting THWOHNAIETH S. mod IFFEH, eval ITH
HABRBOGEIZHVWONIBMDY A MTHS.

SRR TLZIHADPER S NBHIZIRDED T — R PERINS.
(TNF) (TCONT)HT (INDEX) ,nb=NB,nab=NAB,rp=RP, sugar=S,mag=M
ZNODEFIFIROMEY |

TNF

normal form 75 REH (F9)
TCONT

content FfHIRF[HE (7))
HT

AT N %L IHA DRI
INDEX

SZHAZWRTHLHEADA VT v I ADRT
NB

BIED, TURMEZ PR\ - R D
NAB

BEE CITERI N RO
RP

O DT D
S

R E N2 L IHAD sugar DfE
M

BRI NZZHADBREDE Yy M EDFHI(ShowMag 7 on DIRFIZE/RIND. )

BRI, BT — X DPRRINS. BRIZIROEY . (REORRIZBEWT, MFN2 2H 5
H D, FHERME GC REORTTHS.)

UP
R7 DY A N DEEIZ DD 7= 5
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Sp

AL LD S- % HAGHARH
SPM

BIRAE LD S-% IHAGHAR ]
NF

HEEE_E D normal form FfHREH
NFM

A BRAK ED normal form FHLHERH]
ZNFM

NFM DA, 0 ~OD reduction (250> 7= K]
PZ

content #tHLHF[H]
NP

A HRBUR B 2 TH A D AREUZ X 2 BIAREHE O G IR
MP

S-ZIHRZ AT B R T OEFUZ DD 5 7 IFH]
RA

interreduce R[]
MC

trace-lifting 1235135, ANZHAD A 2 NTy TEHRREH]
GC

MEROT VT FEEREMO IV T EIEF v 7 R
T

BRI NTZRT DE
B, M, F, D

% criterion 12 & D RPN RT D
ZR

0 IZ reduce T N7=RT DE
NZR

0 THRWEIHAIZ reduce T N7z_T7 D
Max_mag

ERINZLEHAD, Oy N EOM O R KMH
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8.4 JAJIEFP D&t E

HIZN T, SRS 2R E D & BRI ML LTREINS. ZIHAZ
DREBRLIHAITE T DB, KEBRE DR ITHIGT 22 HE ST 5 DN, 28 A b
THb. ToIT, TNOBERI MLO2HF 2 ET 2 DPHEFOMTH 5. HIHP R
BBV A DL WVIITHITREINS.

BARMRIEEF L E UTIRD 3 203D 5.

0 (DegRevlLex; 2REMFHEXIEF)
—MiZ, COMEFIZ & B 7 VTS REGENRDERETHD. 72720, %
RS L WS HIIZHWS Z 2 1%, —fRIZIETERW. ZOERIZL D 7L T35
X, RO DFHE, 1 FTIVDRX U NYy T M ZBIERT ~ D K82
DDV —AELUTHWONS.

1 (Deglex; &R EFHENIRRF)
ZOEFE, HENEFIZHERTEEIZZ VT FREEZRDD Z N TEEH,
DegRevLex & [FAIRREFZZ DFERZHWE Z L IZWHETHS. LU, FEENEHT
DL TFEEE KD DB, FRARIZ ZDIEF T L 7 FEEERDT WS,

2 (Lex; HENIER)
ZOIERIZ LB 7V T FRER, ARAZMGEIIREOKOHEIEEZ 525
PEHEREE A D DB E L DOV HE N TH . KT, PARFEDEE, FROMBR
BOMBD TR RBEHMERICIR2BE5PE V. ZO5E, grO), hgrO X 55
B TENZ R BI58 D%\,
NS ZMMAGDLETYANTIRET LI LIZE D, A REEIERIEETE 5. ZhiZ,
[fot,r1],[02,L2],...]
THREEINS. 01130, 1, 2 DVWITNAT, Li BEROERZEXT. e, 28 %%
B SLL, L2, AT ODMIZ T, TNENOEEUZE L, EHIZ01, 02, ... DIEEF T K
INDPSIRE S 2 ETHIRT 22 2 2EEKT 5. ZOMDIER I —MRIZHEIER L IRIEN5.
XS, TN K VIEIEFE Z48ET D Z A TE D, —KIZ, n frm FIDOEEATHIM DR DM
HarRoL 9 5.
1. £3m OEEART M bv 12 UMv=0 &v=0 IL[FH.
2. A ZRHOEIn © 0 THRWEBEARZ Mlv iIZX U, Mv @ 0 THRWERM DS 1Z
FEA.
ZDEE, 2 DDORY Fbt, s IZH L, t>s &, M(t-s) D 0 TRWERAI DD WIEE, TEH
THILILVDHHEPPERTE 5.
HEP I, grO R DF$E UTREI N A1, MlAAAKEdp_ord) THEI N, X
FIERHBDOETOBIZRIREINS.
INSODEFDERNZEZEE IOV 7 FREREICET2EICHEL WHEH
I% [Becker,Weispfenning] R EZZHD I &.
TEE 7 B D g% e DT, ZEDNE BARE EHRRFIC K E R EE2 525,
[90] B=[x"10-t,x"8-z,x"31-x"6-x-y]$
[91] gr(B, [x,y,z,t]1,2);
[x°2-2%y " 7+(-41%t"2-13%t 1)y~ 2+ (2%t " 17-12%t " 14+42%t " 12+30%t " 11-168%t "9
—40%t " 8+T0*t ~7+252%t ~6+30%t "5-140%t "4-168*t " 3+2%t " 2-12%t+16) *z "~ 2%y
+(~12%t"16+72%t"13-28%t"11-180%t "~ 10+112%t " 8+240*t " 7+28%t"6-127*t"5
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-167*t"4-55%xt"3+30*t"2+58*t-15) *z"4,

(y+t72%272) *x+y "7+ (20%t "2+6*t+1) xy "2+ (-t "17+6%t ~14-21%t~12-16%t"11
+84xt"9+20%t"8-35*%t " 7-126%t "6-15%t "5+70%t "4+84*t"3-t"2+5*%t-9) *xz"2xy
+(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,
(£t73-1)*x-y~6+(-6%t"13+24*t"10-20%t " 8-36*t " 7+40*t " 5+24*t"4-6%t~3-20%t "2
—6*xt—1)*y+(t~17-6%t"14+9%t " 12+15%t"11-36%t"9-20%t "8-5*t " 7+54*t"6+15%t"5
+10%t74-36%t"3-11*%t"2-5xt+9) *z"2,

-y~ 8-8%t*xy " 3+16%z 2%y 2+ (-8*t " 16+48%t"13-56%t"11-120*%t"10+224*t~8+160*t 7|
—56%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%t719+28%t"18-120%t"16-56%t " 15+14*t~14+300%t~13+70*t~12-56*t~11
-400%t~10-84*t~9+84*t "8+268*t " 7+84*t"6-56*t"5-63*t"4-36*t " 3+46*t"2
—12%t+1) *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+ (7724 T 4+3%kt T2+t ) ky+ (-2% L T6+4* L T3 +2%E-2) %272,

2%t 724y " 3+27 2%y "2+ (2%t "5+4*t " 2-6) *z"4*y
+(4%t"8-t"7-8%t " 5+2*xt " 4—-4*t " 3+5xt"2-t) *z,

27 3ky " 2+2%t " 3xky+ (—t T TH2¥ET4+E72-8) %272,

—T*z*y 2-2%z" 3*ky+t"8-2%t"5-t "3+t 2,

—t 7 3%y " 2-2%t " 2%z 2xy+ (£ "6-2%t"3-t+1) *z"4,2"5-t"4]

(93] gr (B, [t,z,y,x],2);

[x"10-t,x"8-z,x"31-x"6-x-y]

ZRIET [x,y,2,t] IZBITB TV T FEER, BEOBELL, ZNETNOXE KE V.

H

U, 6F [t,z,y,x] %tfiBﬁﬁTk7V7%ﬁEt&ofbé RMEFEIZ Vzi

HEAEFETI VT FREZRDSE Z LI, EWJ@(HLEF?ODHM\) LR %, E{EUOD(IIEF?OMR
W) BRTEEZRTZLTHY, ZOFIDOHER, t, 2z, y DI xfé‘%émm\é <‘_’_75“o
:@i%@@ﬁ%@ﬁ%ﬁ%c‘:tﬁo# TThH5. im fﬁhépﬁrﬁ BPWTIE, ZOXSITER
REZHETFVRHS N TH B Z 13D, iMTEES B ERIGAELH 5.

8.5 Weight
RTE TR U 72T 1%, SR weight (EA) 2RET DI LTI R ED LR

5.

[0] dp_td(<<1,1,1>>);

3

[1] dp_set_weight([1,2,3]1)$
[2] dp_td(<<1,1,1>>);

6

BIFAD R E AT B, 77 4 )V F TIEISLBOBHROME 2L T5. Thid

KD weight 2 1 EEZTWAH I LIZHY TS, ZoHITHE, B—, B, HE2HO
weight Z ZNZEN 1,23 LHEELTWD. ZD7d, <<1,1,1>> @@{MQ(MTT XZhz
HIHA D weight & IFER) A31x1+1%2+1%3=6 & 725, weight Z % ET 5 Z & T, [ UHIER
B & TRRDEEFPERTE S, HIAIK, weight 25 FLHET 52 LT, LHA%2
weighted homogeneous (292 Z LN TEH550H 5.

9,

BB T 5 weight & £ L D725 D% weight vector LIER, T RTDEFNIETH
IV T FEREHBEIZBEWT, 2IRBORD D IZHVW SN S E D ERFHIZ sugar weight &
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ZZ EITF 5. sugar strategy IZHWT, BIRBORD Y IZHbNENS5THS. — /T, &
R DBT LB IEE KRS 2\ weight vector &, sugar weight & U CRETHZ LIETE
N HIER O —RILIZIZERTHS. Th ok, 17502 L 2 HEHIER O EIZ T TIZE N
TWa. $72bb, HIEF 2 EHT 2175 DEITH, — DD weight vector & eI N5, £
7z, 7a vy ZEFpIE, £ 78y 7 OEFIIHIET B0 D A 1 THitid 0 D weight vector 12
KB ERVNZIToTH S, £ 70y 7D tie breaking 2175 Z & IZ/HY T 5.

weight vector DF%E (Zdp_set_weight () TITH T MW TEZ 20, HIHF ZI5ET 5D
o Z X R (EEFRR, Z28EF) LEFLOTHETELIELNLEFI LY. 207D, IRD
LB THLHEFTPRETE 5.

[64] B=[xt+y+z-6,x*y+y*z+z*x-11,x*y*z-6]$

[65] dp_gr_main(Blv=[x,y,z],sugarweight=[3,2,1],0order=0);

[273-6%2"2+11%2-6 ,x+y+2-6, -y 2+ (-2+6) xy-z"2+6xz-11]

[66] dp_gr_main(B|v=[y,z,x],order=[[1,1,0],[0,1,0],[0,0,111);

[x"3-6*%x"2+11*%x-6 ,x+y+2-6,-x "2+ (-y+6) *x-y "~ 2+6*y-11]

[67] dp_gr_main(Blv=[y,z,x],order=[[x,1,y,2,2,3]1]1);

[x+y+2-6,x"3-6*x"2+11*x-6,-x "2+ (-y+6) *x-y "~ 2+6*y-11]

WIENOHNZBNWTH, HHEF 1 option & L THESINT WS, RHIOHITlEv I2&D

ZHNEST % | sugarweight (2 & D sugar weight vector %, order!Z & D IHHP R Z$5%E L T
W5, ZOHDHNZ B border DIEFE X matrix order L [AETHB. T40b5, fEEIN
7z weight vector % ZE0° S IEIZfH - T weight DK %2175 . ZDOHDHIEHERTH 25, Z
Z Tl% weight vector DER 2 ZHBIZIBEL TVWD. EENZVWEDIX0 275, =DH
DEITIX, order 12 & 2 & TIHEIEFE RE LRV, DA, tie breaker & L TA
wEEEEENEF D EEICRE I NS, ZOFEE kX, dp_gr_main, dp_gr_mod_main
IR EDAAABMTOAFRETH D, gr REDA—VFERBBTIIRAIETH 5.

8.6 HHAZMBHL T L7V T FEEFHE

grQ) RED My TRV, WIhd, ANZHEANY A MIBENER(AERT) &, &
YA MIBNBEERZIRL T, 28 A MIRWEBNPANZERNIZEHNTWEHEIC
X, BENIZ, ZDERE, RBUADITLE LTHD.

[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]

ZOHITIE, a, b, ¢, d DMRBUKDILE LTHbbd. T70b5, HEHEKBIAF = Q(ab,c,d)
ED 2 BHLZENEF|x,y| LB VT FEEERDLZ LITRD. FEITREZ LT,
REDMRE UL TIRONTWAEZ e THD. Thb5, REOMIZZIHA L L TOILER T
H o TG EITIE, RS Z DR IERPANTWB 720, HHEUA EDLIHAB EOREE
UCEAT-GEDRR T MRITITRLS. £72, EL U THEMNR EOMED 729, ik
KRUEZHADREE UTEBRICHFINEDIIZIHAETTHS. I4bb, nizFFoEH
NIDHMERBALHA DR L U TIFFFT .

8.7 HEKZ i

HEREFO TV 7K E RO DYGE, Bffigr() 2E%2EHT 5 L0, —BAMDNER (F
ZERBHEHENET) 07V 7 FREZFALT, Thz A UTHENEF D7 v
TrFREIEZFET E2HAPIERLVGELDH L. £/, ALWBAShOIEFTD I LV 7 I3
JRIZ7 > T WA G, RIEAB L XN S HIEIZ X D, Buchberger 7V 3 ALIZ & 5T
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SRR HEANEFO IV 7 FHENFHETE G560 H5. 20X HHNDZDDEK
BN, 2—PERKE L L Tégr’ 120 KOMEZEINTWVWD. LD 2 DOEEUL, B8
NEF viist 1, SENESF Blorder TREIZ 2L 7 HEE & 2o TWALIHA Y A b ghbase %, Z58IH
JPvlist2 (281 BREREF O 7L 7 HEEICEHT 2 WM TH 5.

tolex(gbase,vlistl,order,vlist2)
Z DEEIL, gbase WEHEUR ED Y AT LADGEIZOAEHARETH L. 2D
BEE, BEENEF O 7L 7 FEEE, AR ETEEI NSV TS REE
By LT, REREES LU Hensel FERIZL O RDZEDTH 5.

tolex_tl(gbase,vlistl,order,vlistQ,homo)

ZOEBIL, BEEANIERE D 7L T EJE % Buchberger 7V Y XALIZED
KDODBZEDTHDEN, ANBRDHIZIERIZB T VI FRERETHIGED
trace-lifting (235 1F 5 7'V 7 F B Al O UEIH, SEREOMEE %2 FIH L T, &i&
K TV T FRIEF v 7, ATTANAUNY Y TF oy 7 2EBKLTWS T
&, HZ Buchberger 7V 3 XL %0 IRT L ORI EFHETE S, HIZ,
AP0 RIEY AT LDGE, BEIIZE 5 1 DO ZRENET % #H L T
HENEFDO TV T FRIEL2FET 5. £ OGE, 20 HER, EiEREAE
FOHEEITS L ORNP IV, (B BAAHSD Y. ) 518 homo 730 T
K, hgr O CRIBRIZERIALZ B L CEHEZITS.

Z M, 0 IRTEY AT LU, G A 5N L HADRNSER % KD 2 58, 0 KTy AT
LOffEZE, D 32N T MIRIT Z7-DDEBL Ehigr TEHSINTWVD. TNoHICD
WCIHE % DB O %2 SO Z L.

8.8 Weyl %k

INETR, BFOAHALZEABRICB TS 7V T FREHBEIZOWTRRTE 203, 7
L7 REOHGIE, 5N 2R TIETHABRIZHIETE S, 2O LI REDOHT,
JoH EHEEL Weyl REL, 7205 L HAE EOWMMEHARROBEES K7L 7&K
DY Risa/Asir IZEEINT WS,
KK E®Dn X5t Weyl fA8D=K<x1,...,xn,D1,...,Dn> X
Xi*xj-xj*xi=0, Di*Dj-Dj*Di=0, Di*xj-xj*Di=0 (i!=j), Di*xi-xi*Di=1
EWVWH AR ER DR TH S, D IFZIHARK [x1, ... ,xn] 2L $ 5 EHZRERT,
Di I¥xi IZ &AM %ERT. ZHBIFRIZL D, D DILIE, x17il*. . .*xn"in*D1"j1x...*Dn"jn
B HIEADK RS L L TEERT I LN TES. Risa/Asir B WVWTIK, ZDHIER
%, AR ZIEA L [FRRIZ<<il, ... ,in,j1,...,jo>> TKRT. T4bH, D Db oHES
ZIHAE L TRINS. MEREE, (H#OGE L FRIC, +, - ICTX D FEFTTE 0, FRIZ,
M ZZE U Cdp_weyl_mul () & \WIBEBUZ X D FEITT 5.
[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>>
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VT FEEFFEIZOWTE, Weyl REFEHOMEBE LT, ROBEBAPHELTH
%. dp_weyl_gr_main(), dp_weyl_gr_mod_main(), dp_weyl_gr_f_main(), dp_weyl_f4_
main(), dp_weyl_f4_mod_main(). F7z, JofH & U T, global b BIBDEIEAE L I T W
5.

8.9 ZIANIR LhnEt

ZIHAL L0 HE IO eI, I FIEN te_i OFIUA & U THERBE I NS, T T
BEEHABRDHRIERX, e i ZEHBMBFOBRYERIETH 5. IIFFRERNZ, ZHABROBIFAIZ
fiiifi i Z2BANU 72<<a,b, ... ,c:i>> TR, MEFLHKX, 37405 MR REKXORIANIL,
BE I T VB IMHEEEZ (2 U 723 > TR S 0 5. DIEFENEF I IZ BN O 3 FEEAY
H5.

TOP JIEF
T, teli > sej ERDBDIF t>s T2l (t=s DD i) &% D K 5 RIHHF T
b5, ZIT,t,s DHBIFZHARIIHESNTWBIEF TITS. ZORODIE
FPi%, dp_ord([0,0rd]) IZ X VEETSH. T T, 0rd FZHABRDIEFEITH
5.

POT IR

T, tei > sej £7RBDIFi<) £k (i=) D t>s) £ D & D RIEEFTH
5. 22T, t,s DHBIIZERRIZERESINTWBEFTITS. ZORDEE
1%, dp_ord([1,0rd]) IZXVEETS. T T, 0rd FZHARDIEFRITH 5.

Schreyer BEF

BRHEFLIR e i 126 U, IO HHIFEOMEFREN Ti K5 5N TV, teli >
se.j LB DIFtT A > sT j F2IX(AT i=sT_j » D i<j) &7 5 & 5 RIHEF T
H5. ZIZTtT., sT_j ORI, ZNS2 BT 2 HHEMBIICERESNTWS
Efe 175 . ZORDIERIE, EHEEIRNICREINS. TR8bb, T ViET
5 HHEMEEDIEF H Schreyer BITH 25, £721EF b A&7 5 TOP, POT 7&
EOHEF 725, ZORDEf? IZdpm_set_schreyer ([H_1,H_2,...]1) IZ &
DIgETSH. 22T, H_i=[T_1,T_2,...] [FMHEHRELDOY A T, [H_2,...]
TREHEI NS Schreyer BUIHEF ZtT_i SIZEHAT AL WIS EKRTH 5.

ML EA %2 AT 5 HiEE LTI, <<a,b,...:i>> RE3EATEEATT Az, £
HAY A MZMED dpm_1tod () IZ X W EWT S /iEDH 5.

8.10 7 L 7 FRIEIZEHT 5 K

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)

w PV T FREOHE
return 1) A b

plist vlist procs

Y 2
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order B,V AN E2I3AT5)
p 2727 K D FHL

o BHES 475 Digr TEHRINTWVS.

o gr ZHAIWCAETCHEBITHEA Y TINT VAW, nd_grR DI %Z b D ITH]
9 X & TH % (Section 8.10.8 [nd_gr nd_gr_trace nd_f4 nd_f4_trace nd_weyl_gr
nd_weyl_gr_trace|, p. 130).

o WINH, LAY A hplist O, ZEUIET viist, FIEF Eorder 2B % 7'V 7+ EJE
ZRDD. grO), her O FHEHBLBRE, gr_mod () 1& GF(p) R UTEIRT 5.

o viist IZIARETLDY A M. viist IZHNBZWARETI, BREUKIZET S Ridns.

o gr(), trace-lifting (£ ¥ a2 J#FE % H\W 7z @i#1lk) B & U sugar strategy (2 & 2515,
hgr ) & trace-lifting 3 & OUFRAIZ & BHEIE X N7z sugar strategy (2 K BEIHEZ1TS.

o dgr() I, grO,hgr() 27 70X AY A bprocs D 2 DD 70 A2 & D FIFFIZEHE
S, RICHREZR LU AOMEZIRT. FERIIFEA—-TH LD, &5 6 DHEVPEED
—fIZIZ AR D72, FEERORBIFE %2 a5 DIZAEMNTH 5.

o dgr() TERINDMHIX, ZOHRBVETINTVWS T A TD CPU KHTHY,
ZDOHBDOEGEFIEE A LBEDZODNETH 5.

o ZIHAY X bplist DERBRVPPWMERIALIHADOL G IZFER S HMERBLIHADOY A +T
H5. ZOGE, SIBOREHEZHATE Z o N EHF I\ dp_sort TY — hINTH
SEtREEINS. ZIHAY A N DEEDPHMRBLIHA DY G ZH OB DAETD Y
A b & vlist BIEE UTHABRNEWIFRW(X I —).

[0] load("gr™)$

[64] load("cyclic")$

[74] G=gr(cyclic(5),[c0,c1,c2,c3,c4],2);
[c4"15+122%c4710-122*c4"5-1,...]

[75] GM=gr_mod(cyclic(5),[c0,cl,c2,c3,c4],2,31991)$
24628%c4"15+29453*c4~10+2538*%c4"5+7363

[76] (G[0]%*24628-GM[0])%31991;

0

&
]

Section 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|, p. 128, Section 8.10.11 [dp_ord],
p. 132.

8.10.2 lex_hensel, lex_tl, tolex, tolex_d, tolex_tl

lex_hensel(plist,vlistl,order,vlist2,homo)
lex_tl(plist,vlistl,order,vlist2,homo)
 HEABIZ L AHENER L T FREDOFHE

tolex(plist,vlistl,order,vlist2)
tolex_d(plist,vlistl,order,vlist2,procs)

tolex_tl(plist,vlistl,order,vlist2,homo)
2 SV T FRIEREANIET S, REABUZ X 3REANEF L 7 FREDFE

return 1) Z b

plist vlist1 vlist2 procs
Y Z b
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order B,V AN E2I3AT5)

homo 757

o BHES AT 5 Digr TEHRINTWVS.

e lex_hensel(), lex_t1() &, ZIHNXY A bplist D, Z#IEF? viist1, JENEF B order 12
357V T7FEEEZRD, Thia, BHIET viist2 DEERIEF 7 L 7 F RK 122 #
T 5.

e tolex(), tolex_t1() I, B8 viistl, TENEF Morder 1ZB3 227V 7 FHETH S
ZIHA Y A b plist %2 ZRNER viist2 OFFERIER 7L 7 FRIRICE#RT 5. tolex_d()
i, tolex() IZHBI 5, KEFEEDEFHRZ, 77 HE AV A bproes D 70 A5 B
BXE5.

e lex_hensel(), lex_t1() IZHWVWTIX, FEERIERF 7V 7 FHEEOFBEITRD & 51217
L. ([Noro,Yokoyamal ZHi.)

1. vlistl, order 2B 527 L 7 FHIKGO 25153 5. (lex_hensel() DA. )

2. GO D&ITLDvIist2 12T 2 TERIEFITB I BB ZH S WK S RFEHp %=
#E GF(p) ECco#ERIEY 7V T FHEGp 258 T 5.

3. Gp IZBENDETRTOIED, GO 2T 52 IEHENF 25807 5.

4. Gp DEILf IZDE, f DIREE RERET, f DFIHZNIET AHNEF DTl S
Z, BHOFEE % 0 LBz, RERBUZBT 28 HEARLE 215,

5. Lf 13, ikp T—EMZFDOZ L2 HWTLf Off%EpDfEH 5 Hensel FERKIZ XD
Kb 5.

6. T RTDGp DILIZD EAEFFERDRET 72 & F DR 2R H KD 5 BEEAHP TD
TVTFRE. HLENILOMILARERNORMIZEKBILZS, p 2 DELT®D
[EAEp

e lex_t1(), tolex_t1() IZHBWVWTIX, BEEAIEF I L 7 FREDFEIZIRD & 512157
ns.

1. vlistl, order \ZBI3 % 7L 7 EIEGO %5157 9 5. (lex_hensel() D&, )

2. GODPOIRITEY AT LTRWVWEE, GO ZAJ1& LT, GO DETLDVIist2 IZBHT 5
HERIERIZB T 2GR EE S VW& S B p 23O, p 2\ 7= trace-lifting
WWEOBEEREFO IV 7 FHEBEMEZRD, HUKRE-ZROSF v 7R LIZE
NHRRDZ TV TFHEE D, HUEKMLZS, p 2L DELTPHET.

3. GO ORILY AT LDEE, GO # AJJE LT, £7, vlist2 DEREDEHSN %
HETBHIHEERIZED VT FREGI 25HAL, ThroBHEANEFDO I L 7
FREZFHATS. ZTOB, KA T v T TIE, ANWDETD, RO BIEFIZE IS BHH
FREE E] 5 7N BRI\ T trace-lifting T2 L 7 REEHZ KD, B UK E -
oF v IR LIZENRZDIEFTDOI VT FHIEL RS,

o HHIAXMRIDEIEIL, 1lex_t10), tolex_t1() DAZIFfIIT 5.

e homo »% 0 TRWEE, Wil TEI X 115 Buchberger 7V 31 ALIZEWT, HFRLH
fTonhs.

e tolex_d() TF/RINBWHILX, ZOHBBETINTWS TaAIZBWTiTbiz
FHEITHIG L TWT, F7ak 2Ic 813 2MIEE T .

[78] K=katsura(5)$

30msec + gc : 20msec
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[79] V=[u5,u4,u3,u2,ul,ull$
Omsec

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

91.558sec + gc : 15.583sec
[81] Gl=lex_hensel(¥X,V,0,V,0)$
49.049sec + gc : 9.961sec

[82] G2=lex_tl1l(K,V,0,V,1)$
31.186sec + gc : 3.500sec

[83] gb_comp(GO,G1);

1
10msec
[84] gb_comp(GO,G2);
1
SR Section 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|, p. 128, Section 8.10.11 [dp_ord],
p. 132, Chapter 7 [ 8 &t &], p. 96
8.10.3 lex_hensel_gsl, tolex_gsl, tolex_gsl_d

lex_hensel_gsl(plist,vlistl,order,vlist2,homo)
: GSL IEADA F 7 IVEEDOFHHE

tolex_gsl(plist,vlistl,order,vlist2)
tolex_gsl_d(plist,vlistl,order,vlist2,procs)
2 VT FREEANE TS, GSL RO A T T IVEEDOHE

return 1) Z b

plist vlist1 vlist2 procs

A b
order B, VAN EZIFTS
homo 757

e lex_hensel_gsl() idlex_hensel() D, tolex_gsl() ldtolex() DEFHT, F5EF DA
MEZL 5. tolex_gsl d() &, BEFHE % procs THEI NS T 7 H 2 AIZHEGHA
IE5.

e ANIMOMILY AT LT, TOHEXNHF 7 L 7 F KK H[£0,x1-f1,...,xn-
fn] (£0,...,fn 13x0 O 1 ZHLIHAX) 25 (I 1% SL IEXN &) 2R 25 4A,
[[x1,g1,d1],...,[xn,gn,dn], [x0,£0,£0°]1] 2% U A h(Z N % GSL JEA & IFX)
KT, 22T, gi lE, dixf0o *fi-gi 230 TEID YN B X 574x0 O 1 BHZLIHA T,
fif13£0(x0)=0 72 5x0 (X U, [x1=g1/(d1%*£0’),...,xn=gn/(dn*f0’)] &7 5. &
NEF 7L 7 FHED ED KSR TRVES, tolex(O) IZLBBHED IV 7 FHEK%E
B

o GSLERIZI W RINDZHEEIZIV TFHETITRWS, ~RITEED SL RO 7L
THEIEX DIFFE NS WOFESEL, RE RO T, tolex_gsl_d() THRRI
NBHEMIE, ZOEBRETINTVWS Tt AW T irb 7 #HEIZHE L TW»
T, F7u AZB I 2REIXE N0,

[103] K=katsura(5)$



Chapter 8: 7'V 7 FRIEDFHH 127

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

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

[106] GSL=tolex_gs1(GO,V,0,V)$

[107] GSL[0];
[u1,8635837421130477667200000000*u0~31-...]
[108] GSL[1];
[u2,10352277157007342793600000000*u0"31-. . .]
[109] GSL[5];
[u0,11771021876193064124640000000%u0~32-. . .,
376672700038178051988480000000%u0~31-...]

= B Section 8.10.2 [lex_hensel lex_tl tolex tolex_d tolex_tl|, p. 124,
Chapter 7 [2®ETE], p. 96

8.10.4 gr_minipoly, minipoly

gr_minipoly(plist,vlist,order,poly,v,homo)
n ZHAD, A T 7NV EEE UM HADG A

minipoly(plist,vlist,order,poly,v)
VT FEIEE AL TS, ZEHADRNSIHADG A

return ZIHA
plist vlist ) A b
order B, VA NE AT

poly %2 IH
v ANRE TG
homo 727

e gr_minipoly() &7V 7 FEEDFHED 5TV, minipoly) FANE TV T FEEK L
AN

o 1 TT7INI VKK EOZERXEK[X] ® 0 RIGA T 7 VDK, K[v] DIt f(v) IZ f(p)
mod I % M)5 X B ABRMERETDOIIT 0 THRVWEZIEAZ LV ERINSG. ZOEKTCED
D, BT TORNZIHA LA,

e gr_minipoly(), minipoly() &, ZHAp OR/NZIHAZ KD, v 2 EH & T 5% IHNA
& UTKY.

o BUNZBIHAIL, VT FEED 1 DD LTEHHET S I L TE 5D, R/NEIHAD
A% RO TZ\WEE, minipoly ), gr_minipoly() &7V 7 FEEKZ W\ 2 HIEIT A
TRIERE .

e gr_minipoly() IZHRET HHIEF & LTI, @HE 2B HENEY 2 HW\W5.

[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

SR Section 8.10.2 [lex_hensel lex_tl tolex tolex_d tolex_tl], p. 124.
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8.10.5 tolexm, minipolym

tolexm(plist,vlistl,order,vlist2,mod)
:: Emod TORIEAWUZ X 57V 7 FREFE

minipolym(plist,vlistl,order,poly,v,mod)
i mod TDZ'L 7 FHIEKIZ & 2 ZHADR/NLIHADEHE

return tolexm() : Y A b minipolym() : ZIHR
plist vlist1 vlist2
) A b
order B,V AN EIATH
mod R

o AJiplist X\ NEEEER viist, TEEF Blorder, imod 281757 L 7 FHJE TR
X7 5720,
e minipolym() Iminipoly (ZX&5d %A % Emod TIT .
e tolexm() I FGLM VEIZ & B RIEEHUZ & D viist2, HEAXEFIZLE 7V T EER
HET 5.
[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+. ..

z R Section 8.10.2 [lex_hensel lex_tl tolex tolex_d tolex_tl], p. 124,
Section 8.10.4 [gr_minipoly minipoly]|, p. 127.

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)

LT F MR O R (KL AR AR

return YA K
plist vlist ) A b
order BV AN £7213475
homo 757

modular 7 77 ¥ 7-13E K
o INSDEEIL, 7V T FRIEFAEDEAKFAAAKETH Y, grO, hgr(), gr_mod )
REFTRTINS DEBEFTH U TERZIT> TWE. BIEAIT weyl BAA->TW
5E D%, Weyl R EDEHED7-DDEETH 5.
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e dp_gr_f main(), dp_weyl_f_main() &, FEX DERK LD I L 7 FHEELZEIHT 5
BIZHWS. AL, 51U 0, simp_£f£() RE T, BADLHARE LICHE I T
LZRED D 5.

e 7 7 Zhomo H 0 T2\, AJ1%FIRALL TH 5 Buchberger 7V 3V X L% FfT7
5.

e dp_gr_mod_main() (ZXf U TIX, modular IZ, GF(modular) LCORREEZEIKT 5.
dp_gr_main() 12X LTI, modu]ar i(ﬁ(@i D IR 2RO,

1. modular 73 1 D, trace-lifting (2 X 551 H %2175 . FEI1prime (0) M SIEHIZHK
U145 % Clprime() ZFFUHILTHRKT 5.

2. modular 7* 2 A E®D Q%ﬁo)ﬁ, F D% Z L 272 U T trace-lifting 21795, %
DEBTRBUTZEGE, 0 28T .

3. modular DA DYE, -modular 12X U T _EIR D BRI AE FH X 415 23, trace-lifting
DEABED IV T FHIEF 2w VA TTNA VN Y TF 2y I PERIND.

e gr(P,v,0) |¥dp_gr_main(P,V,0,1,0), hgr(P,V,0) (¥dp_gr_main(P,V,1,1,0), gr_
mod (P,V,0,M) |ddp_gr_mod_main(P,V,0,M,0) % ZNZNETT 5.

e homo, modular ODfiiZ, dp_gr_flags() THEIND I FIFRT I ZITX D EEN
flfxns.

SR Section 8.10.11 [dp_ord], p. 132, Section 8.10.10 [dp_gr_flags dp_gr_print],
p. 131, Section 8.10.1 [gr hgr gr_mod], p. 123, Section 10.5.1 [setmod_ff],
p. 167, Section 8.3 [FTHE & & URRDHIE)], p. 115.

8.10.7 dp_f4_main, dp_f4_mod_main, dp_weyl_f4_main, dp_weyl_f4_
mod_main

dp_f4_main(plist,vlist,order)

dp_f4_mod_main(plist,vlist,order)

dp_weyl_f4 main(plist,vlist,order)

dp_weyl_f4_mod_main(plist,vlist,order)
2 FATNTY ALK BTV T FHED G (AR AEE)

return )2k
plist vlist ) A b

order B, VA NE AT
e FATNITVAXALIZED VT FHRHIEDHEZITS.

o F4 7)Y XLiZ, J.C. Faugere (Z & W RIBINZH ATV T FRERERIETH D,
ARELL, EP.%'J%E@ & BRI SRR AR AR % W 72BN 2R T H 5.

o HIXALDFI MBIV & &RITIE 58S L FEEIXZ N Z Ndp_gr_main(),
dp_gr_mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() & [FATH 5.

o

sy Section 8.10.11 [dp_ord], p. 132, Section 8.10.10 [dp_gr_flags dp_gr_print],
p. 131, Section 8.10.1 [gr hgr gr_mod], p. 123, Section 8.3 [FFEH K VTR D
H4ED), p. 115.
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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[|option=value,...])
nd_gr_trace(plist,vlist,homo,p,order[|option=value,...])
nd_f4(plist,vlist,modular,order([|option=value,...])
nd_f4_trace(plist,vlist,homo,p,order[|option=value,...])
nd_weyl_gr(plist,vlist,p,order[|option=value,...])

nd_weyl_gr_trace(plist,vlist,homo,p,order[|option=value,...])
w7 L T BR D FHE (R AGA A B
return YA B

plist vlist ) A b
order BV AN E7213475
homo 757

modular 7 7 7 ¥ 7213
o INHDOEEIL, 7V T FHEKFBEMAAABBOHELTH S,
e nd_gr I&, p 30 D& THMHUR ED Buchberger 7V T XL %2HEITT 5. p H2 M
FOBARBD L X, GF(p) LD Buchberger 7V 3 AL %ETT 5.

e nd_gr_trace ¥ & Und_f4_trace [FHHEUR LT trace 7NV TV AL %EHEITT 5. p
N0 EE1 DL E, HEIIEIENZEZ R EHAWT, KT 5 £ Ttrace 70TV X
L%F473 5. p A2 L ED L Z | trace £ GF(p) ETEIMEINS. trace 7IVTV XL
MR 7256 0 DRI NS, p BWEADESG, V7 FHEIEF = v 73 fThbkwv. 20
B4, p D1 R o IXHBIIGEIEN 2 FZED, TSI EE I E R EHWT IV
7S REBMEDO RIS FT OIS . nd_f4_trace I, FERBIZOWT, HDAEBIKLET
F4 7V TV XL TIro 28R %2 H L12, TOHEBRIKETO TRVWHEZ 525 S-ZIH
KDOAZFHWTITHIERZITV, TORRBUIZE T2 HEZERKT 5 HETHS. 56
NBLZHEANEAIZRED TV T FHEBEMTH D, nd_gr_trace LD F = v 7 A
Thhs.

e nd_f4 |¥modular 730 D & THEMEULA LD, modular 3~ ¥ ¥4 ZEHD L THE
HREDFLTNIT) ALEFETTS.

o plist WLZIHAXY A N DGE, plist CEMI NG A TTIVDIT L TF—RENFHEIH
%. plist WZIHAY A bDY A hDEE, KERFLZIHAR LOHHEMNFOTE /inZ
N, TNSMPERT BHANMBED 7L 7 F —HEMNFIR I NS, EOYGE, HIET I
BRI 2 HIHP 2 5 E T 2 ERH 5. TNid[s,ord] DIETIHETS. s 0 25
I¥ TOP (Term Over Position), 1 7 51X POT (Position Over Term) % &Mk L, ord %
ZIHABRORIENICN T 2 HEF TH 5.

e nd_weyl_gr, nd_weyl_gr_trace I& Weyl [REVHTH 5.

o 4 REBLINI T N THMBEABRB O AP ETH 5.

o —ff%iZdp_gr_main, dp_gr_mod_main & D EHTH 20, FHIEHRMK LOLEIHETH

5.
o UFDATYavhiEETE 3.
homo 1DeE, FRbzRH LU TEHHET 5. (nd_gr, nd_f4 DH)

dp | O ¥ & HEERHSER(NREO 541 MBS HER) 2R LCRT.
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nora 1 DL & FEROMAEMHNZITHIRN.

[38] load("cyclic")$

[49] C=cyclic(7)$

[50] V=vars(C)$

[51] cputime(1)$

[52] dp_gr_mod_main(C,V,0,31991,0)$
26.06sec + gc : 0.313sec(26.4sec)
(53] nd_gr(C,v,31991,0)$
ndv_alloc=1477188

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

1.906sec + gc : 0.126sec(2.032sec)

i Section 8.10.11 [dp_ord], p. 132, Section 8.10.10 [dp_gr_flags dp_gr_print|,

p. 131, Section 8.3 [GtE & & UK DHIE], p. 115.

8.10.9 nd_gr_postproc, nd_weyl_gr_postproc

nd_gr_postproc(plist,vlist,p,order, check)
nd_weyl_gr_postproc(plist,vlist,p,order,check)
2 TV TFREBEMOF = v 7B X O AR

return DAREZIXO0

plist vlist ) A b

D FZRE-IT0

order B,V AN E72I13475)
check 0 F721F1

o UL TR (I5Al) OM AR 217 .

e nd_weyl_gr_postproc (¥ Weyl REIHTH 5.

e check=1 DIGE, plist D3, vlist, p, order TRE I N B LIHALR, HIEF TV 7 —
BIEIZR>TWERDF =y 7H47.

o FIALUTHE LIV T F—HEZIEFRML - DZMAMRMN %47 S, CRT Taf
BURT VT F—REBHOF = v 72175 EDHHEITHWS,

afo

8.10.10 dp_gr_flags, dp_gr_print

dp_gr_flags([1ist])

dp_gr_print ([i])
s REB LUORBHANT A XD,

return R EAE
list ) A b

i B

A
S

W
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e dp_gr_main(), dp_gr_mod_main(), dp_gr_f_main() EfFRHII B2 XTI E T
AREF/E, BT 5.

o SN LVWEGE, BIIEORENRINDS.

o HlEUE, ["Print",1,"NoSugar",1,...] RAEDV AT, ENSIHIZREZI NS, /N
T ARZLIXTFHTHZEBELND 5.

o dp_gr_print() &, KfIZ/XF X XPrint, PrintShort D% EEE, ZMTE 5. &
EINDIEIFIROED TH 5,

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

ZiiE, dp_gr_main() REEH TN —F e LTHWS I —-FEEIZEWT, TDY
TN —F VIS hEIERO R R EZITOBRIC, MEIZ 7 T 72 /B2 N TED LD ICHE
INTWD.

SR Section 8.3 [FTE S L UKRRDHIH], p. 115

8.10.11 dp_ord

dp_ord([order])
o RRIERF R OGE, 2

return ZRUNE P B (B, U A b £ 72134750)

order B, VAN E=IFT5

o SIBN D B, ZRIETHL % order IZEET D, BIDIRWEE, BIERE I N TV ELH
gL B 7% 39

o RN LIHAIZET 28, HEIFGHE UTEREFHZ L5808 L 6700WED
WHY, LO5BRVWEDIZBEL T, TORETHRESNTWVWAEEZ AWTEE MTbis.

o gr() ¥ BIEE UTCEHERZ & 55 D%, W Tdp_ord() ZIEOH L, Z2#IH
FPRlZHRETSH. ZORER, FHAEKRTRLEZES.

o NHERBHLEARDMAEES, HEINTVWESEZHWTHEINS. K>T, TD%
HAPER S NIRRT BT 2 Z2REF DY, WHIBEERIZEL S EEI N TWRITH
o, 7z, HANRE 5L HRNE, FA—0ZBEFRIZE SO WTEKRSI N
LEDOTRITNIXR SR,

o v T UARIVEKELNDEEE BEEIFCH TG, ZORBIC L D ZRIEFE % IE
UK EE LR ITNIER S0,

o SIBMY A MDEE, HHMBHZB T S HEF I Z3ES 5. 51803 [0,0rd] DG, %
HAER L Cord THRE I NBHEF 1D < TOP JEFP, 5184 ([1,0rd] D& OPT
lE 7 % 3 ET 5.

[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>>

SR Section 8.4 IRIEFF DE&E], p. 119
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8.10.12 dp_set_weight, dp_set_top_weight, dp_weyl_set_weight

dp_set_weight ([weight])

:: sugar weight DFE, S8

dp_set_top_weight ([weight])

;1 top weight DF%E, S

dp_weyl_set_weight ([weight])

:: weyl weight D% E, S8

return N7 MV

weight DY AN FIERT ML
e dp_set_weight ¥ sugar weight % weight IZZ¢E T 5. BIEDB 2 W, BIERE I N T

=

i)
AN

W5 sugar weight Z K3, sugar weight (X IEBBZ KD & TH5XT MILVT, ELEKOH
AERT. O EZEFIZEWT, BIHAOMBZEHE T 2BICHWO NS, FIR(EE
B, REIZ1 244 7L7J[I7L'C:F>< Kfé\fi)é

dp_set_top_weight I top weight % weight (2% E T 5. BIEMNRWEE, BIFEHRE I N
T\ 3 top weight Z3ET . top weight DVFREINT WA L X, £7 top weight 12X 5
BIHA IR % J51217 5 . tie breaker & U THIER ﬁé?ﬁ“(b\élﬁ Ee AW 505 03,
Z D HEIZT X top weight (ZH W S V720,

dp_weyl_set_weight % weyl weight % weight |23 E T 5. BIEDR VIR, BIERE S
NTW 5 weyl weight %K. weyl weight w 2% E T 5 &, HIEFR 11 TOFHEIZH
W, (-w,w) % top weight, tie breaker % graded reverse lex & U 7zIHJIE/F 233 & S 41
5.

Section 8.5 [Weight], p. 120

8.10.13 dp_ptod

dp_ptod(poly,vlist)

w ZHAE MBERBESEAIILHRT 5.

return PERBZ A

poly

vlist
o ZHIET viist B & OBAEDZELEFP BUZHE > THIERIHAL HAIT AT 5.
o viist IZEENLTVWAETI, REAKRIZET S L TEHBINS.

E2LE
YA b

[50] dp_ord(0);

1

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

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

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

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

Section 8.10.17 [dp_dtop|, p. 135, Section 8.10.11 [dp_ord], p. 132.
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8.10.14 dpm_dptodpm
dpm_dptodpm(dpoly, pos)
o DHBEREZIHA 2 RS HAIZEH T 5.

return hnE% HA
dpoly IR L IH A
pos IEEEEL

o NHEBL Az L AL T 5.

o 1T INA¥Z IHAdpoly e_pos TH 5.

[50] dp_ord([0,0]1)$

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

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

[52] dp_dptodpm(D,2);
(1)%<<2,0,0:2>>+(2)*%<<1,1,0:2>>+(1)*<<0,2,0:2>>+(2)*<<1,0,1:2>>
+(2)*%<<0,1,1:2>>+(1)*%<<0,0,2:2>>

SR Section 8.10.13 [dp_ptod], p. 133, Section 8.10.11 [dp_ozd], p. 132.

8.10.15 dpm_ltod
dpm_dptodpm(plist,vlist)
 ZIHAXY A S 2 L HAXICE T 5.

return hEEZ EHA
plist ZIHAY A b
vlist 20 A b

o ZIHAYU A MZIIHEZIHNIZEHT 5.

o [pl,...,pm] iFplel+.. . +pmem IZEH I N5,

[2126] dp_ord([0,0]1)$

[2127] dpm_ltod([x"2+y~2,x,y-z], [x,y,2]);

(1)%<<2,0,0:1>>+ (1) %<<0,2,0: 1>>+(1)*<<1,0,0:2>>+(1)*<<0,1,0:3>>
+(-1)*<<0,0,1:3>>

SR Section 8.10.16 [dpm_dtol], p. 134, Section 8.10.11 [dp_ord], p. 132.
8.10.16 dpm_dtol

dpm_dptodpm(poly,vlist)
o L HAZ L IHAY 2 MIE#T 5.

return ZIHA Y A b
poly IniEZ IHA
vlist EE) AR

o NMZHAZLIHNXNY A MIEHT S,
o plel+...+pmem |&[pl,...,pm] IZEHIN5.
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o HAOVAMDEIIX, poly IZAFNIEEREKDREKSI VT Y I ALK,
[2126] dp_ord([0,0]1)$
[2127] D=(1)*<<2,0,0:1>>+(1)*<<0,2,0:1>>+(1)*<<1,0,0:2>>+(1)*<<0,1,0:3>>
+(-1)%<<0,0,1:3>>$
[2128] dpm_dtol(D, [x,y,z]1);
[x"2+y~2,x,y-2]

i) Section 8.10.15 [dpm_1tod], p. 134, Section 8.10.11 [dp_ord], p. 132.

o

8.10.17 dp_dtop

dp_dtop(dpoly,vlist)
n MRS IHA 2 LIS 5.

return 2 A
dpoly TR IAL I
viist )2k

o MWRBLIHAZ, A ONAERY AP ZHWTEHAIILHET .
o FETY A M, RINHMKRBZIHADEHDME L —H L THIXMTH L.

[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]);

z"2+(2*a+2%b) xz+a "~ 2+2*xbxa+b~2

8.10.18 dp_mod, dp_rat

dp_mod (p,mod, subst)
s A HEEREUD BERBL L TH A O A BRI FREAN D £

dp_rat (p)
A IR RE D R B % TH X O A BRI AN D25

return FERRIAZ A

p PRI Z HA
mod FE
subst 1) Z b

e dp_nf_mod(), dp_true_nf_mod() &, AJJ& U THRIKBRED 3 ERH L HA Z 62
35, ZDXIBGE, dpomod ) 1T K O AHEURBS BRI L HAZ LM U THW
5 EINTES. £, BoNmbRid, ARAGREZIHA L I ZHA T E 508, AHEUR
BELHEANC IFHETER W2, dp_rat() (XD EMT ERENDH 5.

o HAIRMABREDOEHFEIZEWTIE, H 55U dHsetmod() 12K D HRAKRDLOMEE % 7€ L
TELBEND 5.

o subst |&, RBPEHADEE, TOEHMADERIZH 57 UDHERA L&A RE
REUTEWT 5 L WO EEZITOBRD, RAEEZIEET 5H DT, [[var,valuel,...]
DDV ANTH 5.



Chapter 8: 7'V 7 FRIEDFHH 136

Z R Section 8.10.21 [dp_nf dp_nf_mod dp_true_nf dp_true_nf_mod dp_weyl_nf
dp_weyl_nf_mod|, p. 137, Section 6.3.11 [subst psubst], p. 49, Section 6.1.17
[setmod], p. 41.

8.10.19 dp_homo, dp_dehomo

dp_homo (dpoly)
n TEERBIZHA D F IR

dp_dehomo (dpoly)
i IR R L HADIEF IR

return DR BIZ IH A

dpoly vani €3 EREEN
e dp_homo() &, dpoly DEIHL IZDWT, NI MLVOEZ % 1 XL, &t D5y
DI % d-deg () (d tdpoly DEVE) & U7 4 REBRSHA 2T
e dp_dehomo () &, dpoly DZIHIZDWT, BN T MV D TR D7 %2 LD B\ 72 28K
ZIHAZ K.
o WINDL, AXINAEZHAEZHWALEAELITSHE, TN S ILEEGT 5 HIEF % EL
SRETD2RHEND 5.
e hgr() RXIZHBWVWT, NEIZHWSL T W 5.
[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>>

o

g Section 8.10.1 [gr hgr gr_mod], p. 123.

8.10.20 dp_ptozp, dp_prim

dp_ptozp (dpoly)
RS U TR R BEURE I DR B OB GCD 2 1127 5.

dp_prim(dpoly)
o AT U TR BEREE HARBD DD ZIHA GCD 2 1129 5.

return SR HLER

dpoly FERRIAZ A
e dp_ ptozp() &, ptozp ) IZHIY T B2 P ERBZHNIIN U TIT 5. REDLIH
Az ats f—é*ﬂz IE ENDZEAILEA FITHD BRA7RW.

o dp_prin() i, BRENZHR 2 ACEE, RBICE $h DS EALER T2 100 R<
[208] X=dp_ptod (3*(x-y)*(y-z)*(z-x), [x]);
(=3xy+3%2) *<<2>>+ (3*ky " 2-3%272) k<<1>>+(=3*z*y " 2+3%z" 2%y ) *<<0>>
[209] dp_ptozp(X);
(my+2) #<<2>>+ (y72-272) *<<1>>+ (—zxy " 2+27 2% y) x<<0>>
[210] dp_prim(X);
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(1) *¥<<2>>+ (—y=2) ¥<<1>>+ (zxy) ¥<<0>>

SR Section 6.3.18 [ptozp], p. 53.

8.10.21 dp_nf, dp_nf_mod, dp_true_nf, dp_true_nf_mod

dp_nf (indexlist,dpoly,dpolyarray,fullreduce)

dp_weyl_nf (indexlist,dpoly,dpolyarray,fullreduce)
dp_nf_mod(indexlist,dpoly,dpolyarray,fullreduce,mod)
dp_weyl_nf_mod(indexlist,dpoly,dpolyarray,fullreduce,mod)

o DHERBEZEHADERIEZ KD 5. (FRIZEBE SN TS D D)

dp_true_nf (indexlist,dpoly,dpolyarray,fullreduce)
dp_true_nf_mod(indexlist,dpoly,dpolyarray,fullreduce,mod)
o DHERBESZHADEREZ KD 5. (HOKRZ [9F, 28] OETIKY)

return dp_nf () : R HLIHLX, dp_true_nf() : Y A b
indexlist V) A b
dpoly PR Z A

dpolyarray
[l

fullreduce 7 77

mod FH

o AR BIZIENdpoly DIERIEZ KD 5.

o HHTNIZ weyl 2 G OREBIL T A VWRBUZB I B EREHAEZITS. AT O weyl
EEHEDHEDITHN U THRBRIZENLT 5.

e dp_nf_mod(), dp_true_nf_mod() D AL, dp_mod() 72X I & b, HEEAK LD oK
BN > TOR T IER 572200,

o FERIZHME, AHIANEENDSDEET 2720, dp_nf O IFEDEDEBLEDMEZIKT .
AHABEDEGE Ddp_nf_mod () HFEIBRTH 2 0%, [BREUAVERIKDEEdp_nf _mod ()
FEDOHEZRT.

e dp_true_nf(), dp_true_nf_mod() %, [am,dn] 7RBFDYV A s %iRT. 7272 L, nm
IR B, B Z S R VWAMERHALIHA, dn 138 E 7213LHATnm/dn B E
DIEE 725

o dpolyarray 3R LIAXN 2 EHFE LT 257 M, indexlist (ZIEHALFHFEIZHW
%4 dpolyarray DBEFZDA VTV 7 ADY A K.

o fullreduce 7* 0 THRW\WE ERTOIHIZHN L THEZITS . fullreduce 730 O & ZTHIHD
AT U TR Z1TS.

e indexlist TIHE I NZLIHAIX, GO HDH DMELIZHbNS.

o —fiZiXindexlist D5 -Z 12 & 0 BEDMEIXER B 0NN H 205, 7L 7 FHE IR
ULCTIE—EIZEE 5.

o NMAKRHTHRVEEINZZIHAREGIZ LD EHIEZZHB KD B2 BENH 55612
MThsd. B—OEBIZEL TIE, pnf, p_true_nf ZHWV5 & X\,
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[0] load("gr")$
[64] load("katsura")$
[69] K=katsura(4)$
[70] dp_ord(2)$
[71] V=[u0,ul,u2,u3,us4l$
[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+u4)~2,V)$
[76] dp_dtop(dp_nf([0,1,2,3,4],T,DP1,1),V);
ud "2+ (6*u3+2*xu2+6*ul-2) xud+9*u3” 2+ (6*u2+18*ul-6) *ud+u2~2
+(6*ul-2)*u2+9*ul”~"2-6*xul+1
[77] dp_dtop(dp_nf([4,3,2,1,0],T,DP1,1),V);
-5%ud "2+ (-4*u3-4*u2-4*ul) *ud-u3"2-3*u3d-u2"2+(2+ul-1) ¥u2-2*xul~2-3*ui+1
[78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*ud”"15+. ..
[79] dp_dtop(dp_nf([4,3,2,1,0],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488%ud”~15+. ..
[80] @78==Q@79;
1

s R Section 8.10.17 [dp_dtop], p. 135, Section 8.10.11 [dp_ord], p. 132,

Section 8.10.18 [dp_mod dp_rat], p. 135, Section 8.10.40 [p_nf p_nf_mod

p_true_nf p_true_nf_mod|, p. 146.

8.10.22 dpm_nf, dpm_nf_and_quotient

dpm_nf ([indexlist,]ldpoly,dpolyarray,fullreduce)
 NIBES RO EHIE 2 kb 5. ($ERIEHRE S N T3 TREMS 1)
dpm_nf_and_quotient([indexlist,]dpoly,dpolyarray)
n ML IHA D ERE L% KRD 5.
return dpm_nf () : M#ZIEA dpm_nf_and_quotient() : U A b
indexlist Y A b
dpoly hn#EZ IH A
dpolyarray
[l
o L IENdpoly DIERIEZ KD 5.
o FERICAME, AHAVPEEND DT 5720, dpm_nf () 1FEDMEO E UG DIE %
e
e dpolyarray IEMMEELHA %2 HFRE & T 5 X2 b, indexlist 1 1E#HALFHFE W
% dpolyarray DBEFZDA VT v 7 A
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139

o indexlist 352 5T WA 54, dpolyarray O H1C, indexlist TIRE I N72H DD A
R, BID 9 S EERIZMHb NS, indexlist D352 6 NV TWRWEHAEIZIX, dpolyarray

DHDETDEIHADETD S5 o BRI b 5.

e dpm_nf_and_quotient () %, [am,dn,quol 722DV A ks %iKT. 7272 U, nm (IFRE
W & R OVIELIEHA, dn 138 E 72 1FZHA Tom/dn WEDfEL 72 5. quo IX
PR D% % 9 HL4 T, dndpoly=nm+quo[0]dpolyarray[0]+... DD LD, DY A k.

o fullreduce 730 THR\WE X2 TOIHIZXN U TN Z1TD. fullreduce 730 D & ZHHIHD

AT U TR Z1T .
[2126] dp_ord([1,0])$

[2127] S=1tov([(1)*<<0,0,2,0:1>>+(1)*<<0,0,1,1:1>>+(1)*<<0,0,0,2:1>>

+(-1)*<<3,0,0,0:2>>+(-1)*<<0,0,2,1:2>>+(-1)*%<<0,0,1,2:2>>
+(1)%<<3,0,1,0:3>>+(1)*<<3,0,0,1:3>>+(1)*%<<0,0,2,2:3>>,
(-1)%<<0,1,0,0:1>>+(-1)%<<0,0,1,0:1>>+(-1)*<<0,0,0,1:1>>
+(-1)*<<3,0,0,0:3>>+(1)*<<0,1,1,1:3>>, (1)*<<0,1,0,0:2>>
+(1)*<<0,0,1,0:2>>+(1)*<<0,0,0,1:2>>+(-1)*%<<0,1,1,0:3>>
+(-1)%<<0,1,0,1:3>>+(-1)%*<<0,0,1,1:3>>1)$

[2128] U=dpm_sp(S[0],S[1]);

(1) *<<0,0,3,0:1>>+(-1)*<<0,1,1,1:1>>+(1)*<<0,0,2,1:1>>
+(-1)%<<0,1,0,2:1>>+(1)%<<3,1,0,0:2>>+(1)*<<0,1,2,1:2>>
+(1)%<<0,1,1,2:2>>+(-1)%<<3,1,1,0:3>>+(1)%<<3,0,2,0:3>>
+(-1)*<<3,1,0,1:3>>+(-1)*<<0,1,3,1:3>>+(-1)%<<0,1,2,2:3>>
[2129] dpm_nf(U,S,1);

0

[2130] L=dpm_nf_and_quotient(U,S)$

[2131] Q=L[2]$

[2132] D=L[1]$

[2133] DxU-(Q[1]1*S[11+Q[2]1*S[2]);

0

o

iR Section 8.10.35 [dpm_sp]|, p. 145, Section 8.10.11 [dp_ord], p. 132.

8.10.23 dp_hm, dp_ht, dp_hc, dp_rest

dp_hm(dpoly)
o SHHIHZ HUD {9,

dp_ht (dpoly)
c BHIHZHLD HiT.

dp_hc(dpoly)
SHMREZ HL D Hid.

dp_rest (dpoly)
o BHEIHAZ E D BRDW725R 0 23R

return dp_hm(), dp_ht (), dp_rest () : DR BLIHR dp_hc () : BME 72 IFZIH

dpoly D ERRBIZ T
o INSIE, HMEHLHADKHLS MY T ZDODOHMTH 5.

+
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o NHRBZLIAAp (Z0 LIRDIK D SZD.

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)*xu3~4-50/27*a46~2-35/27*a46-49/216)$
[89] T=dp_ptod(X, [u3,u4,a46])$
[90] dp_hm(T);
(2160) *<<4,0,2>>
[91] dp_ht(T);
(1) *<<4,0,2>>
[92] dp_hc(T);
2160
[93] dp_rest(T);
(1512)%<<4,0,1>>+(315) *<<4,0,0>>+(-4000) *<<0,0, 2>>+(-2800) *<<0,0, 1>>
+(-490) %<<0,0,0>>

8.10.24 dpm_hm, dpm_ht, dpm_hc, dpm_hp, dpm_rest

dpm_hm (dpoly)
o I EHAOBEBIEAZ D 7.

dpm_ht (dpoly)
ML A OUHIE 2 LD Hi .

dpm_hc (dpoly)
c IEFZ THA DR 2 HLD Hid

dpm_hp(dpoly)
o BEZ HA O FHA & 2 LD Hi 9.

dpm_rest (dpoly)
o INEEZ A DS HIHA 2 B D R 7k D 2K T

return dp_hm(), dp_ht (), dp_rest () : MIHFZLIHA, dp_hc () : B FE 72 1FZLHK

dpoly hifES I
o NS, MHZLHADEI D ZHD T 7-ODKBMTH 5.
e dpm_hc() &, dpm_hm() O, FHERERIZE T SR TH D2 HIHAZIR Y. A0 7 — R
ZHLD H9I2IE, & 51Zdp_hc) 2EITT 5.

e dpm_hpQ) I, BEMBFEIENIZE ENHEERIEDA VT v 7 A%KT
[2126] dp_ord([1,01);
[1,0]
[2127] F=2%<<1,2,0:2>>-3%<<1,0,2:3>>+<<2,1,0:2>>;
(1)*%<<2,1,0:2>>+(2) %<<1,2,0:2>>+(-3)*%<<1,0,2:3>>
[2128] M=dpm_hm(F);
(1)*<<2,1,0:2>>
[2129] C=dpm_hc(F);
(1) *<<2,1,0>>
[2130] R=dpm_rest(F);
(2)%<<1,2,0:2>>+(-3)%<<1,0,2:3>>
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[2131] dpm_hp(F);
2

8.10.25 dp_td, dp_sugar

dp_td(dpoly)
 BHIHO 2R UE R

dp_sugar (dpoly)
: ZIHA Dsugar KT .

return H SR %
dpoly IR L A
onoff 797

o dp_tdQ) &, BHIHDO LRI, T2bbE{LHOIRHOM%ZIKT.
o NMHERHLEHANERI NS L, sugar LIEEND HEEHBNE5IND. ZOMHEIXK
MPNZE AL LU CRHE UG E IR R DO 2B D L 72 5.
e sugar |&, V7 FREHBEIZB T2 EHITOEIROA NI TV RRET H7-ODEHE
CAVAS = E AN
[74] dp_ord(0)$
[75] X=<<1,2>>+<<0,1>>$
[76] Y=<<1,2>>+<<1,0>>$
[77] Z=X-Y;
(1) *<<1,0>>+(1) *<<0,1>>
[78] dp_sugar(T);
3

8.10.26 dp_lcm

dp_lcm(dpolyl,dpoly2)
n BUNAREIHE RS

return PERBL A

dpoly1 dpoly2
TR B THA
o TNENDRIBOHHDE/NAEHEZ KT, fFEIT 1 TH 5.
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)*<<5,4,3,4,5>>

SR Section 8.10.40 [p_nf p_nf_mod p_true_nf p_true_nf_mod], p. 146.
8.10.27 dp_redble

dp_redble(dpolyl,dpoly2)
o BHIHE S UDVERRATRED &5 DN 5.

return B

dpolyl dpoly2
7ani/ EcETESTEN
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e dpolyl DEEIED dpoly2 DEHIEHTEID I 1, F o I o 287 .

o ZIHADHWZITIWE, YOHEZBHNTE 222 HTDIZHNWS.
[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

o

i Section 8.10.33 [dp_red dp_red_mod], p. 144.

8.10.28 dpm_redble

dpm_redble (dpolyl,dpoly2)
o BHIHE S UAYEEBRATRE &5 DR 5.

return B

dpolyl dpoly2
I £ 1H K
e dpolyl DUEEMN dpoly2 DFEETEI D YINNIK 1, F v ¥InLiTniXo 2iK7.
o ZIHADMHZITOEE, LOHZMNTE202HTDITHWS.

8.10.29 dp_subd

dp_subd (dpolyl,dpoly2)
: SHIHOPGRIHA %R 7.

return IR L I

dpolyl dpoly2
SRR BIZ A
e dp_ht(dpolyl)/dp_ht(dpoly2) %R 2. FEROMKEIL 1 TH 5.
o HVYINBILNRBEDPLDDY>TVBRENDS.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)%<<0,1,1,1,1>>

ik Section 8.10.33 [dp_red dp_red_mod], p. 144.

8.10.30 dp_vtoe, dp_etov

dp_vtoe(vect)
s BRI MV ERTHIZA

dp_etov(dpoly)
o BHIHZ FRER T B OVIZ 2R

return dp_vtoe : HXERILLIHA, dp_etov: N7 bl
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vect ~Z7 MV

dpoly PERBZ A
e dp_vtoe() I&, N7 bbvect 2RI ML T HIHZERT 5.
e dp_etov() &, DEXFIIZLIHAdpoly DIHIHDIRAN T ML AT MIVIZEWT 5.

[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>>

8.10.31 dp_mbase

dp_mbase (dplist)
:: monomial FEJEDEHA

return PHERHLEADY A b

dplist TMEHRLHADY A b
o HBEF T VI FREELHRSTWELIERESD, TDIEFIZET 2 0HMERITH
% dplist 1Z2\\TC, dplist DX K[X] HTHEKT 24 7T 7)1 50 IRTEDR, K EARIX
LA ZEM T H % K[X]/I D monomial IZ K B HJEEKD 5.

o BFONIREDMHEBA, K[X]/T D KAREZEME UL TOWITIZFEL .

[215] K=katsura(5)$

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

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

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

[219] map(dp_ptod,dp_mbase(H),V)$
[u0~5,ud*u0"3,u3*u0"3,u2*u0"3,ul*u0"3,u0"4,u3"2*ul,u2*u3d*ul,ul*u3d*ul,
ul*u2*ul,ul"2*%ul,ud*u0"2,u3d3*xu0"2,u2*xu0"2,ul*u0"2,u0"3,u3"2,u2*u3d,ul*u3,
ul*u2,ul"2,ud*ul,ud*ul,u2*ud,ul*ul0,u0"2,u4,u3d,u2,ul,ud, 1]

%

IR Section 8.10.1 [gr hgr gr_mod], p. 123.

8.10.32 dp_mag

dp_mag (p)

s REOYy NEOMAZIRY
return 50
p DKL A

o NHMEHLERDBEUZENSHFHBIZOE, TODRDF(BEHROGEEIINT) DY
RO Z KT

o NRLBBLIHADKEZIDHLZL UTAHAMTHS. FFIZ, 0 IRTTY AT LITH VT
BRI REE 72 0 | @PAER I NS ZHAPBRBIFRZEZ L TWB 0 E S 2 0H
BN D.
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e dp_gr_flags() T, ShowMag, Print % on (232 Z X IZ KD RFERINELIHAIZ
724 Hdp_mag() DIEZRL Z N TES.

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

SR Section 8.10.10 [dp_gr_flags dp_gr_print]|, p. 131.
8.10.33 dp_red, dp_red_mod

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

o — [ DR A
return J A K
dpoly1 dpoly2 dpoly3
DERRBIZ IHA
vlist J AR
mod FH

e dpolyl + dpoly2 745 7 FILIHA % dpoly3 T 1 & T 5.
e dp_red_mod() DANIE, B THRKBBIZEBMINTVWEINELND S.
o flifIX N5 IHIZdpoly2 DIHIETH 5. fit > T, dpoly2 DEHIE D dpoly3 DOEHIETE] D 4]
NBEZEDRHSNLHLDN > TVRITIIXE S0,
o HIBMMBEBREB OIS, kL, 2B HHNR WK S Bila, b, Ht 12 X D a(dpolyl +
dpoly2)-bt dpoly3 & U TCEIHEINS.
o #EHX, [a dpolyl,a dpoly2 - bt dpoly3] 725 A NTH 5.
[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>>]

SR Section 8.10.18 [dp_mod dp_rat], p. 135.

8.10.34 dp_sp, dp_sp_mod

dp_sp(dpoly1,dpoly2)
dp_sp_mod(dpolyl1,dpoly2,mod)
i S-ZIHADEE

return S EHLIER

dpolyl dpoly?2
7ani/ EcETESTEN
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mod FI

e dpolyl, dpoly2 @ S-ZIHA %518 T 5.

e dp_sp_mod() DANIE, BTHBRKREIZEHRINTVWEILEDND 5.

o FERIZEME, BHANALDZBITZ7-0, $ERMVEBS, H5VIFZHEAMGINT

WA HEEEMED D 5.

[227] X=dp_ptod(x~2*xy+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>>

%

IR Section 8.10.18 [dp_mod dp_rat], p. 135.

8.10.35 dpm_sp
dpm_sp(dpolyl,dpoly2[|coef=11)
: S-ZIHADEE
return IEEL A E 7213V A b
dpolyl dpoly2
IEEZ HA D BER B L H A
e dpolyl, dpoly2 @ S-ZIHA%ZFHT 5.

o X7 avceoef=1 BVIRESINTWVWDHA, [S,t1,t2] DV A NEIKRT. 2 I T, t1,
t2 1% S-ZHA % ME 5 ORI HIHA TS=t1 dpolyl-t2 dpoly2 %73 .

8.10.36 dpm_schreyer_base

dpm_schreyer_base (G)
i szygy MEED 7L 7 F —HIEDF A
return IiAEZ IHA ) X b
G 2 EHA Y 2 b
o NMIMLHATRINAZMHW IV T F —HIEG ITX U, syz(G) DW/NT L 7 F — KK %
FHRELTRY.
o FONBERIL, G DILHHIED 5 E F 5 Schreyer HFPIZBET 57 L 7 —HIETHB.
BIWEF & LT, Z® Schreyer JEF WHBIIZHR TSI NS,

8.10.37 dpm_schreyer_frame

dpm_schreyer_frame (G)

:: Schreyer 7 L — L DFHA
return IIRFRIEAY A b Y X b
G 2 EHA Y 2 b

o G DTHIAMN S AKX — M UT, Schreyer 7 L' — 24, $72 %5 Schreyer @ H H /2 f# 12 B
N5 7V T7F—HKEKD, Schreyer 72T 2 i HIEA %25 H T 5.



Chapter 8: 7'V 7 FRIEDFHH 146

o BOoNDHERIE, HHAMIZEIT BF 1 OEERKOGOIERIERD Y A MM_i DY
AMM.m,. .M 1] TH5.

o HIfEHE LT, &L )UIZEIF B Schreyer IHF 2% ET 572D T —X0E6NE. Z
0)7—‘\-— X ﬂidpm_set_schreyer_level IZ&D , %‘ L )LD SChI'eyeI' Jlﬁgiégﬁﬁj—é B%\‘E
Hwo5.

8.10.38 dpm_set_schreyer_level
dpm_set_schreyer_level(L)

 FRE I N2 L )LD Schreyer ordering D i iE
return FEEER
G FEERERL

o G DTHIAMN S AKX — M UT, Schreyer 7 L — 24, 7245 Schreyer @ H H 2 IZ B
N5 7V 7F—HKD, Schreyer 72T 2 JLiHHIEA %2R T 5.

o BONBIERIE, HIMRIZH T BF i OREMEREDHROFEFEBIHADY A FMi DY
A MM_m,..M.1] Th 5.

o HIEFFHE LT, &L )UIZEIF B Schreyer H 2% ET 57-0DT —XWMELNSE. Z
D7 — X lddpm_set_schreyer_level (Z X D, & L )LD Schreyer P % 5% E 9 5 B
ZHWHNS.

8.10.39 dpm_sp_nf

dpm_sp_nf (C,Z,P,Q)
i SSEHAZ ZIHARS TE - 2R 0 OFE

return IRERIEA DY A b
C A% sH -\l 41
Z B A S DR
P
Q B
e C[P], C[Q] ® S-ZHA% C THIo7=RD 18
ctC[P] = dt'ClQ] = ¢:C[1] + --- + gL C[L] + f
LRINDLE
g =ctep — t'eg — (gre1 + ... + grer)

XU f] Z23Kd
o WiRFZ DHE T Bk, KHEEDMMEN] THSH L 5%%C DILOEFA VT v 7 ADY A

FTH5.
8.10.40 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)
: RESHEROERGE kD 5. (ERILERGE SN T2 THESD D)



Chapter 8: 7'V 7 FRIEDFHH 147

p_true_nf (poly,plist,vlist,order)

p_true_nf_mod(poly,plist,vlist,order,mod)
 RELHAD TRV E KD, (HOMEY [HF, 98] OBTET)

return p_nf : ZIHA, p_true_nf: Y A b
poly E2E
plist vlist ) A b
order B,V AN EIATH
mod R
o gr’ TEHEINTWVS.
o ZIHAD, ZIHAY A MIXBIEEMEEZRD D,

e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod (ZXf T 51 X7 =z —AT
H5.

o poly B K Uplist 1%, ZHIEPviist B X OCEHBIEF Fotype 1ZHE > THIERHZL HAIZ
EWX N, dp_nf (), dp_true_nf (), dp_nf_mod (), dp_true_nf_mod() IZJEI N 5.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf_mod() l&fullreduce H% 1 THFUH|
INs.

o FERIFZHAIIEMINTHIIINDS.
e p_true_nf(), p_true_nf_mod() DHJIZEL TIX, dp_true_nf (), dp_true_nf_mod()

DIH% S,
[79] K = katsura(5)$
[80] V = [ub,u4,u3,u2,ul,u0l$
[81] G = hgr(X,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
Z R Section 8.10.13 [dp_ptod], p. 133, Section 8.10.17 [dp_dtop|, p. 135,

Section 8.10.11 [dp_ord], p. 132, Section 8.10.21 [dp_nf dp_nf_mod
dp_true_nf dp_true_nf_mod dp_weyl_nf dp_weyl_nf_mod], p. 137.

8.10.41 p_terms

p_terms(poly,vlist,order)
2 ZHACHODNDHEHEY A NI 5.

return Ak
poly % I
vlist ) A b

order B,V AN FEIET5
o ‘gr TEHEINTWS.
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o ZIHAZBIHIZEHUZIFICHNAIEEZY A MZIUTKET. viist & Qorder 1IZXD5E
FAHEERIZEY, HEFOEWHDN Y A NDLIHIZKS STV - I b,

o JUT7FHRHEIZIVIZVIEREDVERIZR 720, ERIZEDIEIPIHNTWEDONE RS
72D EIZHWS.
[233] G=gr(katsura(5), [ub,ud4,u3,u2,ul,ul0],2)$
[234] p_terms(G[0], [u5,ud,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]

8.10.42 gb_comp

gb_comp(plistl, plist2)
2 ZHAV A MDY, FE2ROWTEEGLELULTELWLRNE D RS,

return 0 £7=1% 1
plist1 plist2
o plistl, plist2 IZ2OWT, fFE52RVWTEEL L TELLMNE S DHFERS.
o BB FIETRDIIVITFHFRIEIX, RIEDIE?, MEVNRZIZGELRHD, TNoHN
LELWPEDIDEHFRDZDIZHWS.
[243] C=cyclic(6)$
[244] V=[c0,c1,c2,c3,c4,c5]$
[245] GO=gr(C,V,0)$
[246] G=tolex(GO,V,0,V)$
[247] GG=lex_t1(C,V,0,V,0)$
[248] gb_comp(G,GG);
1

8.10.43 katsura, hkatsura, cyclic, hcyclic

katsura(n)
hkatsura(n)
cyclic(n)
heyclic(n)
o BIHAY X MOAR
return ) A b
n B

e katsura() l¥‘katsura’, cyclic() ld‘cyclic’ TEZRINTWVS.

o JUI7FHEFHBETUKXULIET AN, RYFY—2IZHW SN Dkatsura, cyclic B &
CZDHFALEEKT 5.

e cyclic |¥Arnborg, Lazard, Davenport 72 & DH THIENE Z £ H 5.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(5);

[u0+2*ud+2*u3+2*xu2+2*ul+2*xub-1, 2*ud*u0-ud+2*ul*u3d+u2 " 2+2*xub*ul,
2*xu3*u0+2*ul*ud-ud+ (2*ul+2*xub) *u2, 2xu2*u0d+2*xu2*ud+ (2*xul+2*xub) *xu3
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—u2+ul~2,2*xul*ul+(2*xu3d+2*ub) ¥ud+2*u2*ud+2*xul*u2-ul,
u0"2-u0+2*xud " 2+2*%u3"2+2*xu2"2+2*ul " 2+2*xu5"2]

[90] hkatsura(b);

[-t+u0+2*ud+2*xu3+2*xu2+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) xu3d+ul~2,
—ul*t+2*xul*u0+ (2*xu3d+2*ub) *ud+2*xu2+u3d+2*ul*u2,
—u0*t+u0"2+2*ud " 2+2*u3"2+2*xu2"2+2*xul " 2+2*xu5"2]

[91] cyclic(6);

[cE*cd*c3*c2%cl*cO0-1,

((((ch+ch) *c3+c5*cd) xc2+chxcd*c3) xcl+chkxcd*c3*c2) *cO+ch5*xcd*xc3*kc2*cl,
(((c3+chb)*c2+ch*cd) *cl+chb*xcd*c3) *cO+cd*c3*c2*xcl+ch*cd*xc3*c2,
((c2+ch) *cl+chb*cd) *cO+c3*c2*cl+cd*xc3*c2+chbxcd*c3,

(c1+ch) *cO+c2*xcl+c3*c2+cd*xc3+cbxcd, cO+cl+c2+c3+cd+c5]

[92] hcyclic(6);

[-c~6+c5*cd*xc3*c2*xcl*cO,
((((ch+cbh)*c3+chb*xcd) *xc2+cbxcd*c3) xcl+cbxcd*xc3*c2) *cO+ch*cd*xc3*xc2*cl,
(((c3+ch)*c2+chb*cd) *cl+chbxcd*c3) *cO+cd*c3*c2xcl+ch*cd*xc3*c2,
((c2+ch)*cl+ch*cd) *cO+c3*c2kcl+cl*c3*c2+ch*cld*c3,

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

o

iy Section 8.10.17 [dp_dtop|, p. 135.

8.10.44 primadec, primedec

primadec(plist,vlist)
primedec(plist,vlist)

AT T IVDI R
return
plist ZIHA ) A b
vlist ZR) AN

o ZITHHINTWVAA T TIVAFRIZDOWTI, Hr LWy r—Ynoro_pd.rr’ 1285
WT KD @ERFEENFHTE 5.

e primadec(), primedec |¥‘primdec’ TEFZI N T\ 5.

e primadec(), primedec() X ZNENHHEEUR ETDA 7 7 IV DR R, IRIEDFEA
TTIVIIRELTS .

o FSIBIFZIHAVANBLUOZKY AN THS. ZIHATHEMEBBREDOADNTFINS.

e primadec |X [#ERKD, BRI TT7IL] DY A %KY,

e primadec [FHRHFD Y A b &iKT.

o FERIZBWVWT, ZHAVA ML UTERRINTVWEIEA TTIVEIRTIT VT FHIETH
5. 9 BIENER X, 70 F WA BPRIMAORD, PRIMEORD (2N T\ 5.

e primadec | [Shimoyama,Yokoyama]l D¥ERE T IIN TV AL EFEL TV,

o LLERTDAZRDZ\NLS, primedec 25 HH k. Zhik, AJiA T 7 IR
A TTINTRWEEIZ, primadec DEMRIZRD L IR NPBREL LR DGENDH 50
LThHD.
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=z N

[84] load("primdec")$

[102] primedec([p*q*x—q 2%y 2+q~2%y,—p~2%X " 2+p~ 2%xX+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+2xq 3%y~ 3+(-q~3+p*q~2)*y~2], [p,q,x,y]);

[Ly,x], [y,pl, [x,9],[q,p], [x-1,q], [y-1,p], [(y-1)*x-y,q*y~2-2*q*y-p+q]]
[103] primadec([x,z*y,wxy~2,w 2xy-z"3,y"3], [x,y,2,w]);

[[[x,zxy,y"2,w 2xy-2~3], [z,y,x]], [[w,x,2z*y,2"3,y"3], [w,z,y,x]]]

SR Section 6.3.15 [fctr sqfr], p. 51, Section 8.4 [IHIEF DEXE], p. 119.

8.10.45 primedec_mod

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

o AT T IVD o
return
plist ZIHEA Y A b
vlist 20 A b
ord B, VAN FEZIZTS
mod IEEE

strategy B

o

primedec_mod() (I‘primdec_mod’ TEFKRI N T\ 5. [Yokoyama] DFEA T 7 V7R
TNTYALEFEELTWS
primedec_mod () IZERK ETOA TTIVOWBEDEA T 7 IVHIEEITN, AT TV
DYAF%ZKT.
primedec_mod() &, GF(mod) FCORH%E 5 2 5. #ERDK T DARITIE, BHUR
HBLHATH 5.
FERIZBWT, ZHAY A M LTRRINTWEEA T TIVIEE T viist,ord] TIEE
SNBIHEERIZET ATV T FRIETH .
strategy 70 T\ & ¥ incremental (2 component DB ZFH T S i1k
% early termination 2475 . —fRIZ, 4 T 7 IV DIRFTHEWGEIZENTZD, 0 IRITTD
BEm Y, IRTEHNZ WEGEIZIE overhead YR ZWEEDH 5.
R CHEBIERE Rz WS ITlE, BT o Tdp_gr_print(2) #FET L THIFIX
K.
[0] load("primdec_mod")$
[246] PP444=[x"8+x"2+t,y 8+y 2+t,z"8+z"2+t]$
[247] primedec_mod(PP444, [x,y,z,t],0,2,1);
[[y+z,x+z,2"8+z"2+t], [x+y,y 2+y+z"2+z+1,z"8+z2"2+t] ,
[y+z+1,x+z+1,2"°8+2"2+t], [x+z,y " 2+y+z"2+z+1,2"8+z"2+t] ,
[y+z,x"2+x+z"2+z+1,z"8+z"2+t] , [y+z+1,x"2+x+z"2+z+1,2"8+z"2+t] ,
[x+z+1,y"2+y+2"2+2z+1,2"8+2"2+t], [y+z+1,x+z,2"8+z"2+t],
[x+y+1,y " 2+y+z"2+2z+1,2"8+z"2+t] , [y+z,x+z+1,2"8+z"2+t]]
[248]

iy Section 6.3.17 [modfctr], p. 52, Section 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_
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main|, p. 128, Section 8.4 [TEIEFDELE], p. 119. Section 8.10.10 [dp_gr_flags
dp_gr_print|, p. 131.

8.10.46 bfunction, bfct, generic_bfct, ann, ann0

bfunction (f)
bfct ()
generic_bfct(plist,vlist,dvlist,weight)
b B OFHR
ann (f)
ann0(f)  :: ZIHXDXF D annihilator DFHE
return ZIEAT 1TV A b
f 2 IH
plist ZIHAY A b
vlist dvlist
228 A b

‘bfct’ TEHRINTWS

bfunction(f), bfct (£) IZZIHRAS D global b BIb(s) Z2EHE T 5. b(s) &, Weyl
REBD ED—EHLIHNED[s] DItP(x,s) PMFEL T, P(x,s)f" (s+1)=b(s)f"s %
5723 & 5 L EHAb(s) OF T, MBBHRHBENEDTH 5.

generic_bfct (f,vlist,dvlist,weight) &, plist TEKINZD OLA T TIVI D,
7 = bweight (289 % global bﬁgﬁ(%uﬁrﬁj‘%’o viist 1$x-Z8, vlist 1303 HD-48 2
BN AR S

bfunction &bfct TIHHWT WA TIL I XLAMNELS. 5 50N EEMITANIZ

5.

ann(f) I%, £~s @ annihilator ideal D ERZ KT . ann(f) 1%, [a,1ist] 2BV A b
ZiRY. T T, aldf Ob BEBOB/NEBR, list (Fann(£) DFERDsS 12, a ZRA
L7=bDTH5.

AR IZ DWW T, [Saito,Sturmfels, Takayama] % b & .

[0] load("bfct")$

[216] bfunction(x"3+y~3+z"3+X" 2%y 2%z"2+x*y*z) ;
-9%575-63%s574-173%5"3-233*%s"2-154*s-40

[217] fctr(@);

[[-1,1],[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4xx"3*dt+y*z*dt+dx,x*z*dt+4*y~3xdt+dy,
xxy*dt+b*z”~4*xdt+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*%s~9+101750%s"8-79375%s " 7+35768*s~6-9277*s"5
+1278%s74-72%s"3

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

[221] ann(P);

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

[222] annO(P);
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[-1, [2xdy*x+3*dx*y "2, -3*dx*x-2*dy*y-6]]
SR Section 8.8 [Weyl X&), p. 122.
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9 RENEUZEIT 5 A

9.1 B DERE

Asir IZBWTIE, REKE WS HRIFEZSI RV, MU0 RE L TERINL DI,
REETH 5. RBURIE, ABEURIC, REEE A BRIENERRIU 724k & U TRARIIZ
ERIND. F-2REEBE, FEES LI E TEHRS NRENB DL HA % R
9% 1 ZHEEHAZERLHANE UTERIND. UT, HEEHELHADRE L TER
INREE %, root EIERZ L1129 5.

[0] AO=newalg(x~2+1);

(#0)

[1] Al=newalg(x~3+A0*x+A0);

(#1)

[2] [type(A0) ,ntype(A0)];

[1,2]

ZOHITIE, A0 1Tx~2+1=0 DR, A1 IX, T DA0 ZFREUTE L x"3+A0%x+A0=0 DR & L TE
TINTW5.

newalg() DB T b EERLIENZIXIRD & 5 BHIELD 5.
1. EFRLZHAT 1 BHEZHEA TR TN 5730,

2. newalg() DRI TH 2 EH/RLHNIL, REWEZ EOAOHEHFD7ZDIZTHN 6N S.
Z D HALIE, MAAAE B sren() ITHYTHWNHL—F v 2HWTITbNE. 20D
728, EHRLHAOFRBEL, BHEBIT R > TVWEIBEND B

3. EHRZHADKREIIT TITERINT WV Sroot DEHBURKZ HATRITNIER 57

W,
4. BHELHERIL, TORBIZEENE 2T Droot Z GBI U 724k ETEER T
QSN A AN

newalg() DMTH5[F v 7%, 1 BLT2 DATHS. Kz, 5IEDEHEL HADBERIM:
el Fzv 3N, ZHEBNIEDOF v 7 RL KA AEE2LELTH/2OT, Z
DIZELTIE, 2=V OELIEINT VS,
—Hnewalg() IZ& > TEZRI N/MREBNEIL, e LTOFHT+2Fb, £72, HOHTiE
REAE L UTOFIMN T 2FD. (type (), vtype ) SR, S 612, HHE L root DA
Xb AR L 72 5.

[87] N=(A0"2+A1)/(A172-A0-1);

((#1+#0°2) / (#1°2-#0-1))

[88] [type(N),ntype(l)];

[1,2]
Bl 5005 & 512, rootid#tn EEXKRINDE. ULHAL, 2—HFIXZDETIEAITE R .
root IXEBUZKEM L THWE D, H B\ iFalg(n) [CXDED 1T, £/, RIKRIZES 508,
2L EUHBEBIZEZ > TWTH EW) IZ & Vnevalg() ZFEAE, i L WREIEIZE
HZINTIZHMIIERI N DODEONS.

[90] alg(0);

(#0)

[91] newalg(t~2+1);
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(#0)
root DEFHELIHAIL, defpoly() [T X DHELD HiE 5.

[96] defpoly(AO);

t#072+1

[97] defpoly(Al);

t#173+t#Oxt#1+t#0
ZZTHNZ, t#0, t#1 T NTN#0, #1 ITHIGTEIAETLTHS. TNHHT—FRAN
THILIFTERW. var() THO HITH, HE W idalgv(n) IZKDELD HiT.

[98] var(@);

t#l

[99] algv(0);

t#0

[100]

9.2 R DEE
HTEIC, REBDERB, BHIZ DWW TRz, Z 2Tk, REEUE F W72 oW Tk
N5, REPBUZBIL Tk, MlARAAEREE UTREI N TV AR < DET, K5
B2 —PERHBUZ LD FEBINTWS. 77 1)U, 'sp’ T, ‘gr’ LFAIKkAsir DFEHET
TV T4 L7 MIITEPNTVS.

[0] load("gr™)$

[1] load("sp"™)$
HBNIE, EIZHAWS %5 (1E, ‘$HOME/ . asirrc’ IZEWVWTHELDE LW,
root & Z DMMDE L Fkk, WAEE A W fEL 705, UL, €H/LHAIC & BT ET)
FIZIE TN VWO T, 2—F DY CHEHE TR IR S 0. KT, 28230 12785
Ga B T 7 — e 5728, FEEIZ R R o RBI R LS 5358 13D D
V=N R A

REE D, EHELHAIZ X B fliH6IE, simpalg() TIT.

[49] T=A0"2+1;

(#0°2+1)

[50] simpalg(T);

0
simpalg ) IFHEHADI %2 U7 REME %, ZIHADRICEHHILT 5.

[39] AO=newalg(x~2+1);

(#0)

[40] T=(A0"2+A0+1)/(A0+3);

((#HO~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;
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(debug)

ZOHITIE, DEED 0 OREIEEBHFLL LS L LT O ICK2RENEL 2720, 2—F
ERHFTH Dsimpalg() DHFTT Ny HWIFIENT-Z L Z2/RT . simpalg() 1%, REHIEL
R T 5ZHAOK R 2RI TE 5.

[43] simpalg(1/AO*x+1/(A0+1));
(-#0) *x+(-1/2%#0+1/2)

RE I % R e T 2 L HANDEAHBX, # Hsimpalg() ZIER T & ZBRITIXET DY
LRBRTDH 2D, ?&ﬁﬁfﬂl&f*ﬁ% Jﬂb‘b?’bé/}l/,&@nfﬁﬂk ZBEWTIE, root 75:7
ETCICE SR ZMBENHTL 5. ZOHHE, algptorat() W5

[83] AO=newalg(x~2+1);

(#0)

[84] Al=newalg(x~3+A0*x+A0) ;

(#1)

[85] T=(2*A0+A1*xA0+A1"2)*x+(1+A1)/(2+A0);
(#172+#0x#1+2x#0) *x+ ((#1+1) / (#0+2) )

[86] S=algptorat(T);

(C(L#0+2) *t#1 72+ (L#O ™ 2+2xt#0) ¥t #1+2%t#O " 2+4*t #0) xx+t#1+1) / (t#0+2)
[87] algptorat(coef(T,1));

t#1T2+t#OXtH1+2%t#O

ZDEXSIZ, algptorat() &, ZHRX, BIZE £ N Sroot &, MK T DAEI, TR D E#n
WZXS Bt#n ICEEHZ S, E% WARZZ LS, ZORETIFLI—FVRANTEZ LiFTE
EVJﬂﬂilﬂﬁ@lﬁbhxﬁﬁﬁﬁmtKﬁmT%Kﬁﬁﬁ*ﬁbﬁmi5K?5
~HTH5.

W, root IZRINT B AEITLE, MIET Droot [TEEZHZ 72D IT Erattoalgp() ZHW
5.

[88] rattoalgp(S,[alg(0)]);

(((#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) ) *t#1+ ( (1) / (#0+2))
[89] rattoalgp(S, [alg(0),alg(1)]1);
(((#O™3+6x#0"2+12%#0+8) *#1 "2+ (#0"4+6%#0 " 3+12*x#0 " 2+8*#0) *#1
+2x#074+12%x#0°3+24%#0 " 2+16*#0) / (#0"3+6*#0"2+12*x#0+8) ) *x
+(((#0+2) *#1+#0+2) / (#0~2+4*x#0+4) )

[90] rattoalgp(S, [alg(1l),alg(0)]);

CC(HO+2) *#1 72+ (#072+2%#0) *#1+2%#0 " 2+4*#0) / (#0+2) ) *x
+((#1+1) / (#0+2))

[91] simpalg(@89);
(#1724+#0x#1+2%#0) *x+ ((-1/5%#0+2/5) *#1-1/5*%#0+2/5)

[92] simpalg(@90);
(#1°2+#0x#14+2x#0) *x+ ((—1/5*#0+2/5) *#1-1/5*#0+2/5)

rattoalgp() &, BHONR L7 Broot DY A NZE 2 5IEIZ L D, ENSIHIZ, MinT

HAETLEBEBSHMA T, 2ol BT SIHTZHZ 5 Kﬁkiﬂi’i’ THRWI &
XD RERP— RS0, iz JZD% —HT 52 L% RLUTWS. algptorat(),

rattoalgp() X, =92 EDOEHE 2TV VWGEEREIZEAVWE I LN TE S,
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9.3 L IERIT X AR D E

i TR 72 & 512, root Z &L ARBINEIZ N T 2 i EALIZ 2 —F DY TI7 5 BRELDH
5. 2 U, 2T THHTSE D —DDOREEIBDOREUZ DOWTIX, INkERR, XFay
EiTo-H & HEINIZHEBLD T b g, ZOEREIX, BIIERDGEICRICHIR X S EHE
Pibhd L5 ENTED, 7L 7 F—HEBRROBEBIZB T 2FB8kE LTHWS Z
EMTESL. ZORBIIHAIANZIE, DAlg LIFIENEZ ATV e LTERSINTWVWS.
DAlg XA BADETREE I NG, FRHIIEL 7 TIXBBREO TS IHATH 5.
DAlg &, set_field() 2LV H SN U OHREINIREUEDILE L THEKINS. 4

B 5L, newalg () CTHEE I N7z E & OB Salgtodalg() TEMT S, HH W
WX ERZER D 5 EfEdptodalg() TAMT 5, D 23@W H 5. —HDAlg IERIZEHI
NI, HARICHEINICHREI TS,

[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>>)

[6] 1/C;

((2)%<<2,1>>+ (1) *<<2,0>>+ (1) *<<1,1>>+(2) *<<1,0>>+(-3) %<0, 1>>

+(-1)*<<0,0>>)/5

Z DHITIX, Q(a,b) (a~2+1=0, b~3+ab+b=0) IZH VT, (a+h)"5 B L U 1/(a+b) % i

ML) LT3, HFTHEHMSERORRIE, MRS EADKREZTOE HHL
TWa5.

9.4 REMAE ELTD 1 ZBEZIEADEE

‘sp’ Tl&, 1 ZEZ IR Y, GCD, KB L2 6 DISH & U TR ik & K
DLHMERML T WD,

9.4.1 GCD

REUA ETD GCD lder_geda) ICX VEMRING. ZORBILEY 2 FHE S L UOHH
FIREHIZL OREUL ED GCD Z2E1ETH5EDT, BIILKIZHFLTHENTH 5.
[63] A=newalg(t~9-15%t~6-87xt~3-125);
(#0)
[64] B=newalg(75*s”2+(10*A”7—175*A‘4—470*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*xA~8-220*%A~5-581*%A"2) $
[66] P2=x"2+A*xx+A~2$
[67] cr_gcda(P1,P2);
27*xx+((#0°6-19%#0"3-65) *#1-#0"7+19*x#0~4+38*#0)
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9.4.2 SR, KE fiE

TS fid, ZHNE 2 DOW & D GCD DA SIHEELE o8 N7 LTI X
LEBFHLUTWS. Hiliasq) TH 5.

[116] A=newalg(x~2+x+1);

(#4)

[117] T=simpalg((x+A+1)*(x"2-2%A-3) 2% (x"3-x-A)"2);

X711+ (#4+1) *x~ 10+ (—4*#4-8) *x "9+ (—10*#4-4) *x "8+ (16*#4+20) *x~7
+(24x#4-6) *x~ 6+ (-29*%#4-31) *x "5+ (- 15*#4+28) *x "4+ (38*#4+29) *x"~3
+(#4-23) *x" 2+ (—21*#4-7 ) *x+ (3*#4+8)

[118] asq(T);

[[x"5+ (-2%#4-4) *x "3+ (—#4) *x "2+ (2*#4+3) *x+ (#4-2) , 2], [x+(#4+1) ,1]]

FERIEE L R, [BAF, BEEE]) DV AN RED, 2ETORTO/HEIE, L DLHEAL
EBLEDEIDHVES. TN, RTE2BERBUIZLTRXTKT570T, RESETH
[ATH 5.

REBUA ETORBDRIL, Trager 12X 25/ VAEZRELUEZE DT, FiZh dLHEAUIH L,
ZDOWRERMU 72K ETEDLZHAE S 2 NBD RS 555G ICRICETH 5.

(119] af (T, [AD);
[Lx™3-x+(-#4),2], [x"2+(-2x#4-3) ,2], [x+(#4+1) ,1]]

FIEUE 2 DT, 5 2 518UE, root DY A NTH 5. KD MRISAEBBURIZ, TS Droot %
WU 724K ETi7h 5. root DIEFPICITHIRAH S, T700b, HTEHRINZHDIFY
BIDHIZ 2R IT IR S, iR Z I, BENICI TRy, 2a—VFoEL L% 5.

IV E W IRBSRIZBWTIX, IV LD & BRI 1 2R EA DRSO
K0, 2ROYRELELTE. 2055, RIZERDZHADLEIZHEE I VW THAEE
L DFHEARRIZR B GEDR UIXUIEET 5.

[120] B=newalg(x~2-2*A-3);

(#5)

[121] af (T, [B,AD);

[[x+(#5),2], [x"3-x+(-#4),2], [x+(-#5) ,2], [x+(#4+1),1]1]

9.4.3 BN FRAK
X RRR IR A T D 505, A ORI 2 KEFEHT 5 Z 212 &0, ZIHADO RN R
WaRkDB I LMW TESL. HEldspO) TH 5.
[103] sp(x~5-2);
[[x+(-#1) ,2%xx+ (#0"3x#1 " 3+#0 " 4*x#1 "2+ 2*x#1+2*x#0) , 2xx+ (—#0"4*x#1°2) ,
2kx+(-#0"3*#1°3) ,x+(-#0) 1,
[L(#1) , t#17 A+t #O*xt#1 "3+t #0 " 2xt#1 2+t #0 " 3xt#1+t#0°4] , [(#0) ,t#0°5-2]1]]

spO &1 818 T, FEHRIX[L REAFDY RN, [[root, algptorat (EZEZHERA)] DY R
Nl 72V ANTHB. 52 EHFED [root,algptorat (EHRZIERN)] O VU X M, A0 oJEH
2, B/ NDFRARDE SN ETHIMU TW o 7zroot 2R3 . TDEHRZIEAIL, ZTDEATE
T®Droot ZIRMU 74K LT TH S Z L BRIETNT VWS,

FEHROE 1 BEETHD 1 IRKHTDY A M, 26 2 BREDroot ZR2TIHRIMUIZARETD, spO)

DEBDLIEADETORTFE2ET. TORIIRNIRL > TWEDT, HFIFET1 IR
EIBDIITHD. at () LA, 2 TORFOMEI, b L OLHEA L EBULEDAITHVES.



Chapter 9: BB UZEET 5 HA 158

9.5 KRBT 2EHBD X LD

9.5.1 newalg

newalg(defpoly)
it root ZHEKT 5.

return RELHIEL (root)
defpoly Z I
o defpoly % EHRLIHA L T LRI (root) ZHEKT 5.
o defpoly 123 2 HIFRIZEA L TiZ, See Section 9.1 [{REAIEL DK IA], p. 153.

[0] AO=newalg(x~2-2);
(#0)

N

g Section 9.5.2 [defpoly], p. 158

9.5.2 defpoly

defpoly(alg)

it root DERLIHAZIRT.
return % IHA
alg RELHIEL (Toot)

e root alg DERLIHAZIKT.

o root Z#n LT NIX, EHELIHAD ELELt#n L 705,
[1] defpoly(AO);
t#072-2

SR Section 9.5.1 [newalg], p. 158, Section 9.5.3 [alg], p. 158, Section 9.5.4 [algv],
p- 159

9.5.3 alg
alg(4) 2 A VT Y I ATHINT Hroot &IKT
return RIS (root)
i ki
e root #i ZIKY.
o #i FA—YWEHEANTER VD, alg(i) LWHEBTANT 3.

[2] x+#0;
syntax error
0

[3] alg(0);
(#0)

SR Section 9.5.1 [newalg], p. 158, Section 9.5.4 [algv], p. 159
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9.5.4 algv

algv(i) = alg(i) IS B AELEIRT.
return ZIHA

i TR

o ZIHAt#i %KY
o t#i [T —YWVELEANTERVAZD, algv(i) EWIETANT 5.
[4] var(defpoly(AO));
t#0
[5] t#0;
syntax error
0
[6] algv(0);
t#0

SR Section 9.5.1 [newalg], p. 158, Section 9.5.2 [defpoly], p. 158, Section 9.5.3
[alg], p. 158

9.5.5 simpalg

simpalg(rat)
s AEAIZE TN R E GRS 5.

return AL

rat A
° ‘sp"@ﬁﬁ%@é?%Ibe\%n
o B, ZHA, AHEANCEENEREMIEZ, EENbroot DEXELIHAIZ L v fE#/LT
5

o BDGE, NEVPHIVTHEEA I, f5RIFroot DEIHA L0 5.
o ZIHADLH, KRBHHHEILIND.
o AHMADGE, NEDFHILIHAL LT b5,

[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));
(—2x#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 ZHAIZEENDroot 2, WInTAANETICESHZ 5.
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return E2=F"
poly % IH A

o ‘sp TEHRINTWNS.
o ZIHAIZIE TN Droot #n 22 Ttén ITESHZ 5.

[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

SR Section 9.5.2 [defpoly], p. 158, Section 9.5.4 [algv], p. 159

9.5.7 rattoalgp

rattoalgp(poly,alglist)

2 ZHAIZE TN Broot IZHIGT AAEITL Zroot IIEEHHZ 5.

return ZIHA
poly E2E
alglist A b

o ‘sp TEHEINTWVS.

160

o 52 5[Midroot DY ANTHS. rattoalgp() I&, T Droot IZXIHT B AEITLE, £

NFNroot ITEZHZ 5.

[51] rattoalgp((-2*algv(0)+3)*x~2+(1/7*algv(0)-3/7), [alg(0)]1);

(-2%#0+3) *x~ 2+ (1/7*#0-3/7)

SR Section 9.5.3 [alg], p. 158, Section 9.5.4 [algv], p. 159

9.5.8 cr_gcda

cr_gcda(polyl,poly2)
o REUA ED 1 Z2HZEHAD GCD

return ZIAA

polyl poly2
ZIHA

o ‘sp) TEHZINTWVS,
e 20D 1 AHLIEAD GCD %2k 5.

[76] X=x"6+3*x"5+6%x"4+x"3-3*xx"2+12*x+16$

[77] Y=x"6+6%x"5+24*x"4+8*x"~3-48%x"2+384*x+1024$
[78] A=newalg(X);

(#0)

[79] cr_gcda(X,subst(Y,x,x+A));

x+(-#0)

SR Section 8.10.1 [gr hgr gr_mod], p. 123, Section 9.5.10 [asq af af_noalg], p. 161
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9.5.9 sp_norm
sp_norm(alg,var,poly,alglist)

s REUR ETD IV LADFE
return ZIHA
var poly DEZEE
poly 1 2% HA
alg root

alglist root DY A b

o ‘sp TEHEINTWS.

e poly D, alg ICETBH/ VLA%EED. $700b5, K= Qalglist \ {alg}) &9 5 & &,
poly 28N Balg %, alg DK EOHBZITEZHMA7-H DR TORZIKT.

o MEHRIIK LDLIHA L7 5.

o EZEANZEVGAEDLI P TN, MERDOEREH O HERIREHIZKL VRS
NEH, B IRPITONT WD LIRS R\, KIEZEFUSE_RES % 1 ITRETSHZ
CIZ&D, HMITHERICEI VRSN TES.

[0] load("sp™)$

[39] AO=newalg(x~2+1)$

[40] Al=newalg(x~2+A0)$

[41] sp_norm(Al,x,x"3+A0*x+A1,[A1,A0]);
X"6+(2%#0) *x "4+ (#072) *x”~ 2+ (#0)

[42] sp_norm(A0,x,@@, [AO]);
Xx"12+2%x"8+bxx"4+1

SR Section 6.3.14 [res], p. 50, Section 9.5.10 [asq af af_noalg|, p. 161

9.5.10 asq, af, af_noalg
asq(poly)
o AREUR B 1 2R IHA D Y570

af (poly,alglist)
af _noalg(poly,defpolylist)
o ARBUA LD 1 2% THA O RE) i

return DRZSI
poly %2 IH
alglist root MY A b
defpolylist root Z# KT AEILEERLIHADRT DY X b
e WINBsp TEHINTWVS.
o root ZEHEFRVWEGEITEH EOKBAIMESHINEETH S5, root 2ELHEIT
I, cr_geda () DEEI I NS 720 UL UIXKRE D D302 5.
o af O &, EHIMADIEE, 74D LHE 2 5[ D, root DY A NDIREVRMBETH 5.
o alglist THEINDroot &, BTERINZEHDIFLHIDO HIZKZITNIXR S\,
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o af (F,AL) 2B WT, AL 3B D) A N TH O, HEHEADOMREIE K2 EKT.
AL=[An,...,A1] 2EL L E, KAk X, TN LV HIZH B2REIE 2R e Lz, =
Y I IRERZEATERZINTOWRITNIEZR SR,

[1] Al = newalg(x"2+1);
[2] A2 = newalg(x"2+A1);
[3] A3 = newalg(x~2+A2xx+A1);

[4] af (x"2+A2*x+A1,[A2,A1]);
[[x~2+(#1) *x+(#0) ,1]]
af_noalg T, poly I[Z& £ 2RI ai & ANELvi TEESHZ D, defpolylist
&, [[vn,dn(vn,...,v1)],..,[v1,d(v1)]] 725 U A b TH B. T T Tdi(vi,...,v1) IFai DEZE
ZIHAZBVWTREMWE 22Ty ITEESHBIA - DTH .
[1] af_noalg(x~2+a2xx+al, [[a2,a2"2+al],[al,a1"2+1]]);
[[x"2+a2#*x+al,1]]
o FESFIX, EH DM SR, N R L FRkETF, EEE] O A MTH 5. af_noalg
D56, AF 12BN REEIL, defpolylist IZHE> TRETCIZEESHZ 5N 5.
o HEEZIAD-INFDETDIEIL, poly LEBLEDENLDH V1G5,
[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]]

SR Section 9.5.8 [cr_gcdal, p. 160, Section 6.3.15 [fctr sqfr], p. 51

9.5.11 sp, sp_noalg

sp(poly)
sp_noalg(poly)
BN RRE KD B
return ) A b
poly %A

o ‘sp TEHEINTWS.

o HIERID 1 ZHLHNpoly DE/NIREK, B X OZDKETDpoly D 1 IRE T~
Do fR%E KD 5.

o fiRiE, poly DRFD Y A &, NDEED, BIRIERKIZ X D2 EREN 5705V A MT
H%. sp_noalg T, BTOREIALD, MIGT 2 AETC(AIH#L 1T Deai) ITESE
iz onsd. ZHIZL D, sp_noalg DHIIIIE, BBURBZ EBZIHADY A Lin5.

o HUNDRIKIX, [root,algptorat(defpoly(root))] DY A& L TREHINT WS,
Thbb, R D ENDREIT, BEEBUAZ, ZDroot ZLETHMUIEE LTESN
5. N, HDF Droot MHIEIZITHINS.

o spO X, NEET/ IVLADFHAEDZHIZsp_norm() % ULIFUIXEENITS. /L LDEHA
W, RBIE U T EIE R AIETITDONE D, TZ THW O NS HIEDERE L XRS5
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T, BRSO ED AR EHTH 2550 H 5. KIMALBUSE_RES % 1 IZTRAET
LZEI2&D, FIERIC Kk DEE ST Z N TE S,
[101] L=sp(x~9-54);
[[x+(-#2) ,-54*xx+(#1"6*#274) ,54*x+ (#1"6%x#2"4+54%#2) ,
BAxx+(—#1"8%#2°2) , ~5Akx+(#1"5x#2°5) , 5dkx+ (#1 5*#2 5+#1"8*#2°2) ,
—B4xx+(—#1"T*#273-54%#1) ,54*xx+(-#1"7*#2°3) ,x+(-#1) ],
[L(#2) ,t#276+t#1 " 3xt#2"3+t#1°6], [(#1) ,t#1°9-54]]]
[102] for(I=0,M=1;I<9;I++)M*=L[0][I];
[111] M=simpalg(M);
-1338925209984*x~9+72301961339136
[112] ptozp(M);
-Xx"9+54
S R Section 9.5.10 [asq af af_noalg], p. 161, Section 9.5.2 [defpoly|, p. 158,
Section 9.5.6 [algptorat], p. 159, Section 9.5.9 [sp_norm|, p. 161.

9.5.12 set_field

set_field(rootlist)

o ARBUAE AL UCERET 5.
return 0

rootlist root MY Ak
e root MY A hrootlist THK I B REUKZ KL U TRET 5.
o root [INIIIZIEF DT 5N TWVWB DT, rootlist 1FHEE L UTHETNIXE V. (JIH
PRz Lz Thwn)
[0] A=newalg(x~2+1);

(#0)
[1] B=newalg(x~3+A);
(#1)
[2] C=newalg(x~4+B);
(#1)
[3] set_field([C,B,A]l);
0
SR Section 9.5.13 [algtodalg dalgtoalg dptodalg dalgtodp], p. 163

9.5.13 algtodalg, dalgtoalg, dptodalg, dalgtodp

algtodalg(alg)
: RE B alg ZDAlg IZAHLT 5.

dalgtoalg(dalg)
:: DAlg dalg % RENEIZ AL S 5.

dptodalg(dp)
% IHAdp Z#DAlg ITAEHRT 5.

dalgtodp(dalg)
:: DAlg dalg % 7P ZIHAITZEH T 5.
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return  AREURE, DALg E 72 W [AMRSERA, R 2B Y 2

o

root % & LAEINEL
AR E T # 2 THA
root % EGHRBINEL, DAlg B X UL HAMOL I Z1TS .
DAlg DB T N EREUKIL, set_field) 1LV HOSPUDBREL TEL BENDH 5.
dalgtodp() 1%, 0 F THIEBURB I HEZIHA L, N THHEHEERIZKEDY A
b %K.
algtodalg(), dptodalg () IFfiH LT NzFER 2K T
[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) *#1-332%#0-218)
[5] 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>>+(B7) *<<2,0>>+(-63) ¥<<1,1>>+(-12) *<<1,0>>
+(=60) *<<0, 1>>+(1) *<<0, 0>>,30]

Section 9.5.12 [set_field], p. 163
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10 ARRIKIZESd 5iHEAE

10.1 AREAOERES L OHEA

Asir IZBWTIE, ARMAIE, EEEZEK GF(p), 58 2 OERIK GF(2°n), GF(p) ®n XL
KGF(p™n) WEXRTEZS. INHIEET, setmod_£f£f) ICEK D EHEHINS.

[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

[5] setmod_£ff(F);

x"50+x74+x"3+x"2+1

[6] field_type_ff(Q);

2

[7] setmod_ff(x~3+x+1,1125899906842679) ;

[1*x"3+1*x+1,1125899906842679]

[8] field_type_ffQ);

3

[9] setmod_ff(3,5);

[3,x"5+2%x+1,x]

[10] field_type_ff(Q);

4

setmod_ff() I&, S EIE XA TOFRKZEBEARE LTy MT 5. BIEMVIER
Bp D& GF(p), n REHA {(x) DEA, f(x) mod 2 ZERLIHA LTS GF(2°n) 2%
NENHEREE LTy TS, £, ERBEOHRKIERBERTE L. 5EL < (ESee
Section 3.2 [BXLDOR] p. 12. setmod_£ff () (ZBWVWTIEFIBOENF = v 713707, OH
UMD EREEZRD.

AL, HETERRDILE LTEHED D WITERINAZA TV 27 b, £y b
SN HBAROBEFIRED L WO EIERTH S, HIb, FHEHEE S UOHEORKEITFHEE L
2%, HU, WAIEIZBEWT—HDA T v RAERERDTLOLEITIE, Mot d BE
IR CABRED L B h, HERERS FRKICRS.

0 TIHRWARARDILIE, ATV 227 hTHO, @l TOMEIZ 1 THD. THIT, 0 THY
B RARD OB 11X, GF(p) D& 6, GF(2°n) DLET L7 5.

GRRARDILDO AN kL, BRIROFEEHIZ L OEk4TH L. GF(p) YA, simp_£f£() T
X5.

[0] P=pari(nextprime,2750);
1125899906842679
[1] setmod_ff(P);
1125899906842679
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[2] A=simp_f£f(2°100);
3025
[3] ntype(@®@);
6
£72, GF(2°n) DHEEWL DD HEVRH 5.
[0] setmod_ff(x"50+x"4+x"3+x"2+1);
x"50+x74+x"3+x"2+1
[1] A=0;
(@
[2] ptogf2n(x~50+1);
(@°50+1)
[3] simp_ff(@Q);
(@74+0°3+0"2)
[4] ntogf2n(2°10-1);
(@"9+0@"8+0@"7+@"6+0@"5+Q@"4+0~3+Q@"2+0+1)
ARRARDITCIFETH b, KEHEDHRETH 5. @ 1£ GF(2°n) D, GF(2) EOEFKTLTH
%. #F L <l&See Section 3.2 [BLDHL], p. 12.

10.2 AIRIEETD 1 ZEHLZIEADOHEE

‘£ T, AR ED 1 BB IEAIIN U, B0 M%, DDF, R, 2 O REH
L EDBEBMPERINT NS,

WINh b, FERIXEF, EEE]) DY A &30, KA1 monic &40, ANZLHEAD
FREFETONS.

L SR, ZHAE ZOMWH & D GCD OFIE»ShE2H - BN T LT
VALZBRHALTVWS.

ARRAA ETORE#EIE, DDF O, IREBUIIK T D 2 OBRIZ, Berlekamp 7V 3V X
LTEEMZRD, HERT MVOTNEIHAZ KD, D% Cantor-Zassenhaus 7 )V I
DALZEORDZ, WS HiEEREELTWS.

10.3 /MEBAERAK FETOLIEADEE

INEEECAE BRARREL D Z THNITIR 0 | A ML HADRBD R FHAAAREE L UTHRES
TWa. BEfldstfctr() THS. £77, modfctr() &, ARFR ETEZEHZIEHNDNE S
iRz 47 5 DY, EERITIE, W THRRERIEREZZE L, stfctr () ZIFOH LT, MY
WZER EORTZHEKT 5, &\WS HIETHAELTWS.

10.4 ABRA EORMHERIZEE S 5 HE

AR EOWEMEIARIZEE S 2 W < D ORARN LB D) A AAARKE U TRt hTw
5.

FEMMFROFEE X, KX 2 DY Ml[a b] TITS. a, b IZABRKRDICT, setmod_ff TIE
FINTVWLHBKDPRIEDYG G, y~2=x"3+ax+b, K 2 DIRDE Gy~ 2+xy=x"3+ax"2+b
I

FE PR b o U, MEBRIE S S IAD TINEM 2709, ZOEEIZEL T, M%E (ecm_add_
f£Q), WA (ecm_sub_ff()) B L THILEHHED 72D D (ecm_chsgn_f£()) MEEHEI N T
WA, FERETAREE, HEONR L 45 HDORED,
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o MEMRE X 0.
o TNPNDRIE, BT 3 DRI MVixyz]. 727ZL, 2 1£0 TR,

EWVWIRTHD. [xyz] BHFRBIEIZLDRETHY, 77« VIBEETIK[x/2 y/2] 725

MERT. £oTC, 771 VERxy] TREINZ[REZEHENRLETHITE, [xy 1] BHNX
I MVEEKRT Z2HENRD L. HEAEDL FREETRONED, 2z JBEN 1 LIFES 20
728, T 7 4 VR ERD D7D dx, y R ZE 7 JEEECHEI S WED D 5.

10.5 BRAKICETAHBDE & D

10.5.1 setmod_ff

setmod_£ff ([pldefpoly2])
setmod_£f ([defpolyp,p]l)
setmod_£ff ([p,n])

o ABRYARDEE, ESNT WS HEBRIADIEE, EERLZHADKR

return ME-I3Z2TEA

p

defpoly2  GF(2) EEEMIZR 1 ZHZIHEN
defpolyp  GF(p) LBE#7Z 1 Z2EZIHA

n

FRRARER
S EE R OIF, GF(p) &2 AL UTHRET 5.

BN L IHA defpoly2 DI, GF(2~deg(defpoly2 mod 2)) = GF(2)[t]/(defpoly2(t) mod
%) % MLREIK Y LT T 5.

51#h defpolyp & p DI, GF(p~deg(defpolyp)) % HEMERE UTERET 5.
518hp £n DI, GF(pn) 2K L UTHET S, pon 12729 KETRITNIXR
SN, /2, p A2 14 LEDO X & nid 1 TRIFNIER SR\,
G B DR, FE X NT VS EIAD GF(p) DG p, GF(2°n) DA EHRLHN %K
3. B K Disetmod_ff (defpoly,p) TEFHEI N7 GF(p~n) DA, [defpoly,p] % &
T, A D setmod_£f(p,n) TEFEI N7z GF(p~n) DA, [p,defpoly,prim_elem| %
RS, 2T, defpoly 1, n IRHLKDEFHZLIEN, prim_elem &, GF(p~n) DRIEH D4
ot =R T 5.
GF(2°n) ODEEZIHAIL, GF(2) L n IREENRSRATERWN, 1R ITHET 572
&, defpoly_mod2() THET B DK\,

[174] defpoly_mod2(100);

x~100+x"15+1

[175] setmod_£ff (@Q);

x7100+x"15+1

[176] setmod_ff();

x"100+x"15+1

[177] setmod_ff (x"4+x+1,547);

[1*x"4+1*x+1,547]

[178] setmod_ff(2,5);
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[2,x"5+x"2+1,x]
g Section 10.5.14 [defpoly_mod2], p. 173

W

&=

10.5.2 field_type_ff

field_type_ff()
i ORRE S NT W B B IR O TR

return B
o HEINTWVDHEMIADHEEHZ KT
o HEHRLAS0,GF(p) w5 1, GF(2°n) 726 2 %K.
[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
g Section 10.5.1 [setmod_£ff], p. 167

W

10.5.3 field_order_ff

field_order_ff()
G BREINTWAEBMADA I

return TR
o EINTWDEMEKRDAITOMEE) %27 .
o HEINTWVBIKRN GF(q) ol q KT,
[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

i Section 10.5.1 [setmod_£ff], p. 167

W

&=

10.5.4 characteristic_ff

characteristic_ff()

D BREINT W BIROFEE
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return TR
o HEINTWVWAIKDIEMZ KT,
° GF(p) @i%ép, GF(Q“n) DGE 2 ZiRT.
[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

SR Section 10.5.1 [setmod_ff], p. 167

10.5.5 extdeg_ff

extdeg_ff()
nORE I NT VD ERIRD, RIRITHT 2 HERIREL

return B
o BETNTWVDEMAD, FIKITHT 2 ILRIRE 2R T .
e GF(p) D& 1, GF(2°n) D¥jén 23K .
[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

IR Section 10.5.1 [setmod_££], p. 167

N

10.5.6 simp_ff

simp_£f (obj)
B BB WL IHNDOREUE A RRR D Iz 2
return BE 72132 HKA
obj S ER A DR
o B, H5VIFZHADREE ARIKDTIZEHT 5.
o B, D WFEBRBZIHAZ, BRIK, H25WITAERRREIZZIT 272012 5.
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o HRIKRDITIZN U, HEd B WIEEHELIHAIZ X 5 reduction 2175 EIZEH W 5.
o INEBARKRDITCIZEMT 2156, —HER EITHZ L T2 S, SERIEKDITICEBR I
B HEAAKO LI A 517 1 prostp() % V.
[0] simp_ff((x+1)710);
X710+10*xx"9+45*%x"8+120%x"7+210*x"6+252%x"5+210*x"4+120%x~3+45xx"2+10*x+1
[1] setmod_ff(3);
3
[2] simp_ff((x+1)710);
1%x710+1*x"9+1*x+1
[3] ntype(coef(©@,10));
6
[4] setmod_ff(2,3);
[2,x"3+x+1,x]
(5] simp_ff(1);
@_0
[6] simp_ff(2);
0
[7] ptosfp(2);
Q_1

sy Section 10.5.1 [setmod_ff], p. 167, Section 10.5.8 [lmptop], p. 170,
Section 10.5.10 [gf2nton], p. 171, Section 10.5.13 [ptosfp sfptop|, p. 173

&

10.5.7 random_ff

random_£ff ()
0 A BRARD 5T D LI K
return A RAKRD T
o HIRAKRDILZELEERT 5.
e random(), lrandom() & [A U 32bit ELEBFEELRZEHL TV 5.
[0] random_ff();
random_ff : current_ff is not set
return to toplevel
[0] setmod_ff (pari(nextprime,2740));
1099511627791
[1] random_ff();
561856154357
[2] random_ff();
45141628299
SR Section 10.5.1 [setmod_ff], p. 167, Section 6.1.8 [random], p. 36, Section 6.1.9
[lrandom|, p. 36

10.5.8 lmptop

lmptop(obj)
i GF(p) (A8 B D RBUE BEBUCZ

return BRI EA
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obj GF(p) tREZHA
o GF(p) IRESTHA D RE L BB BT 5.
o GF(p) DIt 0 Bl Ep REOEMTEIE TV 5, SHEROFREL, T O &
A7l MBI LDt EmINS.

[0] setmod_£ff (pari(nextprime,27°40));
1099511627791
[1] F=simp_ff((x-1)"10);
1%x710+1099511627781%x~9+45%x~8+1099511627671%x"7+210*x"6
+1099511627539%x"5+210%*x"4+1099511627671*%x~3+45%x"2+1099511627781*x+1
[2] setmod_ff(547);
547
[3] F=simp_ff((x-1)"10);
1%x710+537%x"9+45%x " 8+427*x"7+210%x"6+295%x " 5+210%x " 4+427*x"~3
+45%x"2+537*x+1
[4] 1lmptop(F);
x"10+4537%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] 1lmptop(coef(F,1));

537
[6] ntype(@Q);
0

SR Section 10.5.6 [simp_f£], p. 169

10.5.9 ntogf2n

ntogf2n (m)
: B R GF(2°n) DILIZZH

return GF(2°n) Ot

m R
o HARKm O 2 # R m=m0+mI1*2+.. +mk*2°k 1Zxf L, GF(2"n)=GF(2)[t]/(g(t)) P
JemO+mI1*t+..+mk*t~k mod g(t) ZiKX7 .
o ERLIHAIZLDHRIZEIWTIFEESINLWZD, simp_££() ZEAT HHEND
5.
[1] setmod_ff(x~30+x+1);
x"30+x+1
[2] N=ntogf2n(27100);
(@~100)
[3] simp_ff(N);
(@"13+0712+@"11+@"10)

SR Section 10.5.10 [gf2nton], p. 171
10.5.10 gf2nton

gf2nton (m)
:: GF(2°n) DJt%& ARBUZ
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return JEE R
m GF(2"n) Dt
e gfonton DW LM TH 5.

[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=gf2nton(27100);
(@~100)
[3] simp_ff(N);
(@"13+@"12+@~11+0@~10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gfonton(simp_ff(N));
15360

SR Section 10.5.10 [gf2nton], p. 171

10.5.11 ptogfon
ptogf2n(poly)
n —EHLIHA % GF(2°n) DILIZE
return GF(2°n) Ot
poly — R EIHA
e poly DFKT GF(2°n) Dtz BT 5. HREIL, 2 THI-7ZRDIZEHINS. poly D
ZHIZe ZRAUZAERLEFEL V.
[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] ptogf2n(x~100);
(@~100)

] Section 10.5.12 [gf2ntop], p. 172

o

10.5.12 gf2ntop

gf2ntop(m[,v])
:: GF(2°n) DJt%& L HAUZ L

return — 2% IHN
m GF(2°n) Ot
v RETT

e m ZRITLIEAZ, BEMAKOLIERAA 77 M2 UTKRY.
o v DIENLRVEE, EHiDptogfan() MU LIZE T B 5[8DEH(T 7 + )V b idx),
FBEVRDHGEIIIHBEINZAELEZ2ERE T 52HEAZ2RT.
[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=simp_ff(gf2ntop(2°100));
(@°13+@"12+@"11+@"10)
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[5] gf2ntop(N);
[207] gf2ntop(N);
x"13+x712+x711+x710
[208] gf2ntop(N,t);
t713+t712+t711+t710

SR Section 10.5.11 [ptogf2n], p. 172

10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
s IV BRAR AN D 2R, S5 25 A

return % IH A

p E2E

o ptosfp() &, ZHADHRH %, BI/EERE I N T WV A/NMEBARAK GF(p n) DILIZE
PS5, RBDBEICAERAEDOTOGEIZZ LRV, EBEOEGE, £3AMET
RIRZFIEUzb e, Blp Lk 0p EREL, p 2 x WESHMAZLIHA %, FIET
RENUTEHT 5. HlZIX, GF(37°5) 1 GF(3)[x]/(x"5+2%x+1) & L TRHI N, TDHK
TCIFFIE T x ICBHT AREERKL I2&Dak L UTERRINE. ZDE E, HlZ1X23
= 2%3°2+3+2 |&, 2% x"2+x+2 L RILI N, TNIIKER x~17 & x"5+2%x+1 THEL LD
T, @17 L EHIND.

o sfptop() ldptosfp() DHEMTH 5.

[196] setmod_£ff(3,5);
[3,x"5+2%x+1,x]

[197] A = ptosfp(23);

@_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
i Section 10.5.1 [setmod_£ff], p. 167, Section 10.5.6 [simp_£f£f], p. 169

10.5.14 defpoly_mod2

defpoly_mod2(d)
: GF(2) BRI — 282 HA D AR

return ZIHA
d TEEEH
o fff TEHEINTWVS.
o GZONIREd IZHL, GF(2) Ld IRDOBENZIHA %K.
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o B UMK 3 THAMNEET UL, 26 2 THOWED E o & /NI W 3 TEHNX, $ UKW 3 1HA
PIFEAE LT L, B 5 THROF T, 5B 2 HORBNE > L H/NEX L, TOFTH 3
THDOIREDE > L E/NI L, ZOHRTHEALHORBAR L oL H/NIVEDZEKRT.

IR Section 10.5.1 [setmod_£ff], p. 167

%

10.5.15 sffctr

sffctr(poly)

w Z IO /IMELA BRIK E T O BER 72
return 1) A b
poly AHIRE EDZIER

o ZIHA%, BIERE I N TV A/IMEBERA LT RS 5.
o ERIX, [fl,ml1],[f2,m2],...] BV ARNTHS. T I T, fi ¥ monic HEEMIIA T, mi Ik
TOHBKETHS.
[0] setmod_f£f(2,10);
[2,x710+x"3+1,x]
[1] sffctr((zxy~3+z*y)*x"3+(y " b+y 3+z*y~2+2) *x~2+z 1 1xy*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]]

N

208 Section 10.5.1 [setmod_£ff], p. 167, Section 6.3.17 [modfctr], p. 52

10.5.16 fctr_ff

fctr_ff(poly)
w1 ZRZIHAO A RK LT OB 7 i

return AR

poly BIRIK ED 1 2L IEA

o fff TEHRINTWVS.

o ZRLIHAR, BIEREINTWVWEERA ETHHNDET 5.

o FERIL, [[f1,m1],[f2,m2],...] BV ARNTHS. Z I T, fi iZmonic REEFIK T, mi Ik

ZTOEEETH 5.

e poly DEMRBIIETONS.
[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]]

N

IR Section 10.5.1 [setmod_£ff], p. 167

10.5.17 irredcheck_ff

irredcheck_ff (poly)
: 1 RS HA DA RYA LT o BEHIE

return 0l1
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poly BRRA LD 1 252 IHEN

o ‘fff TEZEINTWVS.

o HIRA LD 1 ZHZHADBEAHE 217\, BEFDEGE 1, T AMNE 0 2K,
[178] setmod_ff(2°64-95);
18446744073709551521
[179] ] F=x"10+random_ff();
x~10+14687973587364016969
[180] irredcheck_ff(F);
1

SR Section 10.5.1 [setmod_£ff], p. 167
10.5.18 randpoly_£ff

randpoly_ff (d,v)
o A RIR EOFLEERE 1 2L HA DA K

return %2 IH
d EEERL
v RRE TG

o ‘fff TEHRINTWNS.
o d IRAENG, BBy, REPEERESNTVWEIERKIZET 5 1 2L HAZ2 AT
5. fZEldrandom_f£f() IZX D EKINSG.

[178] setmod_ff(2°64-95);
18446744073709551521
[179] ] F=x"10+random_£ff();
[180] randpoly_ff(3,x);
17135261454578964298%x~2+4766826699653615429*x+18317369440429479651
[181] randpoly_£ff(3,x);
7565988813172050604%x~2+7430075767279665339%x+4699662986224873544

[182] randpoly_£ff(3,x);
10247781277095450395*x~2+10243690944992524936*x+4063829049268845492

o

i
AN

Section 10.5.1 [setmod_££], p. 167, Section 10.5.7 [random_£ff], p. 170

10.5.19 ecm_add_ff, ecm_sub_ff, ecm_chsgn_ff

ecm_add_£f(p1,p2,ec)
ecm_sub_£ff(p1,p2,ec)

ecm_chsgn_ff(p1)
o MG HEAR o s INE, A, ¥t

return N7 MVEZIZO
pl p2 FEI3DOXRIZ MVERIZO

ec EX20DOXRY ML
o BIEREINTWVWAERIK LT, ec TEZEINSHEMKR LD Spl, p2 OHipl+p2,
7£pl-p2, Wiit-pl %KY .
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o ec I, WESINTWVSHBEPFEBRIKDL G, y2=x"3+ec[0]x+ec[1], FEE 2 D
By 2+xy=x"3+ec[0]x"2+ec[1] KT .
o S ML BIT, WRERIX0 TRINS.
o pl, p2 MEZX 3 DRI MVDYGE, FIREEEIZ X 5 EOME2RT. Z05HE, 83
JEREIE 0 TH > TRV 7220,
o HERVEI 3 DORT MVOGE, 83 JEREIZ 0 TRV, 1 LIFBRS RV, 77 1V
U X BHER 2D 7DITIE, 8 1 JEEE, 55 2 Bl 228 3 [EECTHI 2 BEDVH 5.
o pl, p2 BHEMHEHIR EDEMNE S DDF = v 7T L.
[0] setmod_ff(1125899906842679)$%
[1] EC=newvect(2, [ptolmp(1),ptolmp(1)]1)$
[2] Ptl=newvect(3,[1,-412127497938252,1]1)%$
[3] Pt2=newvect(3,[6,-252647084363045,1])%
[4] Pt3=ecm_add_ff(Pt1,Pt2,EC);
[ 560137044461222 184453736165476 125 ]
[5] F=y~2-(x"3+EC[0]*x+EC[1])$
[6] subst(F,x,Pt3[0]/Pt3[2],y,Pt3[1]1/Pt3[2]);
0
[7] ecm_add_ff(Pt3,ecm_chsgn_ff(Pt3),EC);
0
[8] D=ecm_sub_ff(Pt3,Pt2,EC);
[ 886545905133065 119584559149586 886545905133065 ]
(9] D[0]/D[2]==Pt1[0]/Pt1[2];
1
[10] D[1]1/D[2]==Pt1[1]/Pt1[2];

SR Section 10.5.1 [setmod_£ff], p. 167
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ke A {8

A1 SUEDOFEH
<>
<>
<> <TIEEEF> <>
‘4 <>
- <>
<ZiDfE>
<EBfE> <RKANEEF> <>
<EDfE> ++°
<ZiBfB> <--»
4+ <ADE>
‘—— <FD1E>
1 <m: o>
<H> 7 <FH> 0 <FHo>
<EBL O <RAWU> )0
<KEHED O <RUU> |0 <A T avHU> )
<XFF>
<FEANRU N>
<7 NLo>
<R K>

(See Section 4.2.10 [X £ T £ 72, p. 22.)
<ZEDfE>:
<EHE> [[<H>]00%
<ZIHEREF>:

C4r (o (g ¢/; t%: P*;(%)

(== =2 () (3) (g=) (5= (o ¢||7
<R ANEEF>:

(=) {+=) (_—» {*=) (/=) (%=J C~—»
<KL T>:

<Ze>

<> [¢,7 <A>]x
<A TTavs:
alphabet THRF 2XFFH = <H>
<A T avHUs>:
WYL
<A TTavs [, <A Toars]x
<A B>
‘[ <KAET> ]
<§§5{>:
AXFTIHEDXFI (X,Y,Japan &)
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(See Section 4.2.2 [£#H K OAE ], p. 18.)
<BHE>
INLF T 2XFF (fctr,ged R E)
<T N Lo>:
<ARETT>
<E>
<RETT>:
INXFTIHREDXFI (a,bCD,cl 2 ZE)
(See Section 4.2.2 [£# & K OAET], p. 18.)
<H>:
<EEH>
<SEFEVINEL
<REBIE>
<EFRE>
(See Section 3.2 [BDH], p. 12.)

<HEH:
0, 1, -2, 3/4

SR>
0.0, 1.2e10

<FEHIEL -
newalg(x~2+1), alg(0)~2+1

(See Chapter 9 [(REHBUZE S 2 A, p. 153.)

<EFRE>:
1+@i, 2.3%0i

<LFF>:
o THEEN-XFS

<FBENNU MIL>:
‘<< <KRAU> >>

(See Chapter 8 [ L 7 FEIKDEIH], p. 114.)

<>
<> <f&im>
<>
‘break’ <¥Rim>
‘continue’ <¥&im>
‘return’ <f&im>
‘return’ <I> <>
Gifr O <RAWY> ) <>
Gifr O <RAWY> ) <> ‘else’ <>
“for’ ‘O <RAU> ;> <ARAWLU> ¢;° <KAU> )7 <>
‘do’ <X> ‘while’ ‘(C <RMU> )’ <Kim>
‘while’ < <RIAV> )’ <>
‘def’ <EHHEL> O <RUU> ) L <BEHES> <THU> P’
‘end (quit)’ <#&im>
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(See Section 4.2.5 [X], p. 20.)
<H&wm>:

[‘extern’ <ZEH> [, <BH>I* <fRim>]x*

<%§§t>:

L <XAT> P

<A U>:

[<3>]*

A2 PO —YERKET 7 1)V

S 4 75V F 1 L2 MU (F 74 b TlE/usr/local/lib/asir’) IZIFW L DD
—YPEHBHE T 7 AR EPNTVE. ZNH6DS3HLDERLDIZDOVTHAT 5.

fEf

‘alpi’
‘bgk,
‘cyclic’
‘katsura’
‘kimura’

‘defs.h’

‘fctrtest’

‘fctrdata’

KIBFFENR S L OEE 2 OFRIAK LD —28% HAKE S i#(See Chapter 10
[ BRAKIZ B3 5 55, p. 165.)

TV T FHEEFIHE Ny 7 — . (See Chapter 8 [7'L 7 FEEDFHH], p. 114.)

REEB OB S L R #, B/ N K. (See Chapter 9 [{REHIEIZ B
% 5], p. 153.)

SUVTFEHEHBEIBWT, Ry FI—2ZDMTHWSNSH]. (See
Section 8.10.43 [katsura hkatsura cyclic heyclic], p. 148.)

WL DONDY 7 UEH. (See Section 4.2.11 [F') Fut v ] p. 23.)

B EDLZEHRADHRB O HD T A b. REDUCE D‘factor.tst’ $ L VEHEEE
DREVWNL DM ZEL. ZHiE, load() TEHLELIZHENBRES. A
FU7zAsir DIEULKEEL TWADLDTANMIEMES 2N TES.

‘fctrtest’ THOLNTWAHZ G, NS ET A NHDHI. A1gl] (IZND 5
NTWBHIE, af () (Section 9.5.10 [asq af af_noalg], p. 161) HOHITH 5.

[45] load("sp")$

[84] load("fctrdata")$

[175] cputime(1)$

Omsec

[176] Alg[5];

Xx"9-15xx"6-87*x~3-125

Omsec

[177] af(Alg[5], [newalg(Alg[5]1)]1);

[[1,1], [75*x" 2+ (10*#0"7-175%#0"4-470*#0) *x
+(3*#0°8-45*%#0"5-261%#0"2) ,1],
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‘ifplot’

‘num’

4 i

mat

‘ratint’

‘primdec’

[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+ (#0~8-15x#0"5-87*#0"2) , 1],
[x~2+(#0) *x+(#07°2) , 1], [x+(-#0) ,1]]

3.600sec + gc : 1.040sec

18 (Section 7.5.15 [ifplot conplot plot polarplot plotover], p. 110) @ 7z & D.
IS[] WixE4 iR E], Z28H, D, C, SIZE N T VY TDON=F, K1Y, 7
77, AX—RN(6 U &) fRDFIR A>T V3.

BUZBE S 2 fli B 7 R B A D A
AT BE S B il B A B B D .

BHHBORERD. sp, ‘gr’ WA, ratint() LWVWIHBEVBERINTWVWD
N, ZDRGHERIFZPCEMTH L. HITHHAT .

[0] load("gr")$

[45] load("sp"™)$

[84] load("ratint")$

[102] ratint(x~6/(x"5+x+1),x);

[1/2%x"2,

[[(#2) *Log (-140%x+ (-2737*#2°2+552%#2-131) ) ,

161*t#273-23*t#2"2+15*%t#2-1],

[(#1)*x1og (-5*x+(-21*#1-4)) ,21*t#1"2+3*t#1+1]1]]
ZOPITIX, x°6/(x"5+x+1) DRNEBDDFHEZIT>TWVWS. FEFRIE 2 DDOHR
o725 AT, 1 BRIIACHES OIS, 5 2 BERIINBER 2 KT
WEEBITIFEEIZ Y A b 2725 TWT, FERIX, [root*log(poly),defpoly] &
WHEEZLTWS., Zhid, AEFESIZTEWTIL, defpoly DL T DRroot I
XU CTroot*xlog(poly) ZfED N 62 R LAEDLEDLLEWVWIEKTHS. 22
Tpoly ldroot ZEH A TWT, root Z ANFEZ B5E T I1dpoly IZX L THFE
CEfEZIT5bD e 5. ZOHEL, FEROE 2 HROZWMDIINL TT-
T, 2T2RLEDLEZL ORI 72 5.

FHBKR EOLEHANA T T NVOERAS TTIVAHRE ZOWREDHE A T 7 V5
fi# (see Section 8.10.44 [primadec primedec], p. 149).

‘primdec_mod’

‘bfct’

GBRE EOZHAA T TIVOREDFE A T 7 V5 fiff(see Section 8.10.45
[primedec_mod], p. 150).

b BIE D EF . (see Section 8.10.46 [bfunction bfct generic_bfct ann ann0],
p. 151).

A3 A1 Ex2T7z—A

DOS %, Windows fR CIZANA VX 72 —A2 LTCav Y R VEB LT A MY &
S AAENT VWS, UNIX R TIXZ D & 5 2RI AL T TWiRWD, AR T
WARBESRANA VR T 2= ANHEINT WS, ZN5I1FAsir N F V& &HIT ftp A
HETHB. ftp server IZBH L TidSee Section 1.3 [AFFIE], p. 2.

Windows fi‘asirgui.exe’ I, % O Windows [Z BT HEE L IFEZ RO I —R
— A MREREZ ML L TV 5B . Window BIZERINTWAB IR LY D AR X V% M
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LAAS Ry 732 e XFFASERING. RA V2T & KERRHPTIZRS D, Z0
XFHNETEC =Ny 77 IZWDAENT WS, ITAARR VZ#iT L, av—"y 77
DLFFINEAED 71—V WALEICHFA I NS, BRICFRE S N5 1 readonly TH D, £ D
MR ENETERNI LIZHERE L TAL .

A.3.1 fep

fep £ 1%, SRA DTARKICL VK INAZAT Y RS UE, L ANV BESHEIHDO AN
JUOY MY RTHD. ZOTRT T LD Tasir’ 2RETAILIZED viHBWVIE
emacs AD ISV R IA VREB L P cesh ADOL A MY EEHZ NA[REIZ R 5.

% fep asir

[0] fctr(x~5-1);
[[1,1],[x-1,1], [x"4+x"3+x"2+x+1,1]]

[11 /* !!4+Return */
fctr(x~5-1); /*x BRIODANDBRENTIRETZ B +/
/* ¥RE&E+Return */

fctr(x~5+1);

[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep 137 V=V T RN TY —APAFHHETHEH, AV VFILDEHDIE make T E 58F#(0S)
PROENTVS. W OO ECEIfET 2 L5 I2HKADPBEL 72H DOW, ftp TAFH

A.3.2 asir.el

‘asir.el’ X, Asir ® GNU Emacs 1 ¥ X 7 = — A T H H(FEH T EIKXH
K (YVE25250@pcvan. or. jp). ‘asir.el’ (2B W TIX, Ml D emacs T A #E 72 f S HE D Aih
2, 77 4%, A Y RED completion BAEB I NTW5S.

‘asir.el’ X PC-VAN TREIZAB I NTWAD, SHIOWRETIZHES BHE 2T DD, X
X0 ftp TAFHRETH 5.

Yy N7 7 AL, ‘asir.el’ DEBHIZEIRINT WS,

Ad FATIVAVRTz—A
Asir DT BEEZMD 71 2T L O[T 5 41k LT, OpenXM ([ X242, 54175
Y DEREY V7K B HENARETH S, T4 TIVIE, GC 714757 Y THb libasir-ge.a’
& & %1Z0penXM distribution (http://www.math.kobe-u.ac.jp/0OpenXM) (ZH EN5. Bl
RTIXOpenXM (1 > R T = —ZADAPRNHINT WS 720D, LR TIXOpenXM A3 > A b
—LINTVWBLERKET 5. OpenXM root 7« L2 bV % $0penXM_HOMEL HL . T4 75
Y 7 7 A VIE4 T'$0penXM_HOME/1ib’ IZEPNT WD, T4 77 VIZIXPARD 3 FEELH
5.
e ‘libasir.a’
PARI, X11 B#HOBREZ & £\, U 2 iZldlibasir-gc.a’ D AN NBE,
e ‘libasir_pari.a’
X11 B OMREZ & 4\, U > 71Tl libasir-ge.a’, ‘libpari.a’ AYAEL
e ‘libasir_pari_X.a’
2TOMEEEZ &L, YV 27Iilld libasir-gec.a’, ‘libpari.a’ $ L U'X11 B#HD T 1 7
7V fREDBEL
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file

REINTVWAEBIILTOEY TH 5.

int asir_ox_init(int byteorder)

7477 O, byteorder 1& AE YV EADNAF Y CMO T —X~DOREFGiIE%E
fERET 5. byteorder 730 D & E < > V[EE D byteorder 2\ 5. 1 D & F network

byteorder &\ 5. FIHEAMLIZALN L 72358 0, RELDI-1 23K .

void asir_ox_push_cmo(void *cmo)

A€ FIZE»NT CMO T — X %Asir DNEBERICEHBL LU TAX Y 712 push T
% . It converts CMO data pointed by cmo into an Asir object and it pushes the object

onto the stack.

int asir_ox_peek_cmo_size()

AR 70)HE*'J:1’1 BHDAsir T— X% CMO IZEM L7z DY A X %KT. AR
ARG EITIE-1 Z2IRT.

int a51r_ox_pop_cmo(void *cmo, int limit)
Zﬂvﬁ@%kﬁK%éMﬁ?~ﬁ%mmbIMO’W@bfmwfﬁéM5MW
IZEE, CMO DY A X%KT. 2D E CMO DY 1 XWlimit & D KE WY

t-1 2389 . cmo ZREI AP L H1imit/N1 S DRI ZIETHEND 5. ’EE@%M
72 CMO ZNATEZ AP DOEI 2 572017, asir_ox_peek_cmo_size ZH\ 5
void asir_ox_push_cmd(int cmd)

ARy <y vaAvy Nemd 2#FEf77 5.

void asir_ox_execute_string(char *str)

Asir WFEITARER L Hstr #RIT L, TDRERZ AKX v 712 push T 5.

include 9N & header file |3‘¢0penXM_HOME/include/asir/ox.h’ T®H 5. T D header
12 1, OpenXM (ZBH 9 % £ T D tag, command DEZEVRFZENT WD, KD

fil(‘$0penXM_HOME/doc/ox1ib/test3.c’) (& Rt D MHEZ RT.

#include <asir/ox.h>
#include <signal.h>

main(int argc, char **argv)
{
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; 0: native byte order */
result_len = BUFSIZ;
result = (void *)malloc(BUFSIZ);
while (1) {
printf ("Input>"); fflush(stdout);
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fgets (buf ,BUFSIZ,stdin);
for (i = 0; buf[i] && isspace(buf[i]); i++ );
if ( 'buf[i] )
continue;
kwd = buf+i;
for ( ; bufl[i] && 'isspace(buf[il); i++ );
buf [i] = O;
bdy = buf+i+l;
if ( !stremp(kwd,"asir") ) {
sprintf (sendbuf,"%s;",bdy) ;
asir_ox_execute_string(sendbuf);
} else if ( !strcmp(kwd,"push") ) {

h[0] = 0;
h[2] = 0;
j=0;

while ( 1) {
for ( ; (c= *bdy) && isspace(c); bdy++ );
if ( 'c)
break;
else if ( h[0] ) {
h[1] = c;
sendbuf [j++] = strtoul(h,0,16);
h[0] = 0;
} else
h[0] = c;
bdy++;
}
if ( h[0] )
fprintf (stderr,"Number of characters is odd.\n");
else {
sendbuf [j] = 0;
asir_ox_push_cmo (sendbuf) ;
}

} else if ( !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");
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for (i =0; i < len; ) {
printf ("%02x ",result[i]);
i++;
if (1 @E%18) )

printf ("\n");
}
printf("\n");
}
}
}

ZDOTu T T LE, keyword body 7% 1 7% AJ1& UTZIFHLD keyword (Z)ix U TIX

D& BREERITS.

A.

asir body

body % Asir SECEPNZA L ARL, EITHEREZ AKX Y 712 push 5. asir_ox_
execute_string() AHWHN S,

push body

body % 16 # TR RINZ CMO T—R &AL, Asir A7V 27 MIAEBUTA
2w 2712 push § 5. asir_ox_push_cmo() DHWHN 5.

pop
ARy I EANDOFA TV =7 h%E CMO IZE#U, 16 EETHRRT 5. asir_ox_peek_
cmo_size() B & LFasir_ox_pop_cmo() HHWVSL NS,

cmd body
body % SM a2~ Y K& AR L, F73 5. asir_ox_push_cmd() BHW LS.

5 2N

A.5.1 Changelog
#F U < IZhttp://www.openxm.org D cvsweb % £,

2018-03-28, ctrl D A1 v F—EDFHK/R. builtin/ctrl.c, ...
2018-03-28, abs A* pure func {Z. N!. top level ® break. parse/puref.c, ...

2018-03-27, ox_pari server (Z ox_reset 234 X #1172, ox_pari/ox_pari.c
2018-03-27, sin(#7) FEMNAEITL L UTRKEITER S N5 MEOMIRE. parse/puref.c,

A.5.2 Version 990831

4 R D DRBET. EBED 32bit b, FHIZTVWRAZED>TWEEHEDOD, R IZZENIZ
EEDLoTWVWB LD ITIFRABR W, &L A, Windows k7 1, plot 23M# 2 72\ 728, iB1b
LTW5.

HAKD =D E o L EERE TR E MIL, [HKTHE - 72 bsave file Z it ARG E

I¥bload27 25 BERH L, L\WVWSHTH 5.

A.5.3 Version 950831
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A.5.3.1 TNvH

FEEORRIZT NNy ZE— RIZANS.

e finish I~ NDEMN.

up, down, frame I XYY NIZL B ([EEDAX Y 7 7L —LDZIA.
trace 27 KDENM.

A.5.3.2 FHAIAABHEL
o sdiv() BREIZBITS, FEBDIEED Y FKR—b.
o sdivm() 2 &, HRIK ETOLIHAFRE DIEN.
o det(), resO) REIIBIF B, ARK ETOEEDOY FR— b
e vtol() (N7 MD 5 U A MADEH) OB
e map() DB

A.5.3.3 V7 FHE
o 7L 7 FEIKHEHHE DM AR AR EUE.
e grm(), hgrm() Higr(), hgr() IZZH.
o gr(), hgrO IZHWT, HIEHF DIFENPBEIZIR > 77
o HHEHF DIRE HiEN LIRS N7z,
o HIRMA LD L 7T FHIEHFA DY R—b.
o REAMUZ X BREEANEF IV 7 FREEEHEOY R—h.
o LWL DNDH LWl AIAABKE DR
A.5.3.4 T D/
DGR Y — v, EDENN.
REUK ED GCD FHEIZB TS EY 2 FEHEDILH.
o 1T TIVDEERSRDOY FR—h.
e Windows ~DFZHH.

A.5.4 Version 940420
] D NBHRK.
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