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% 1 E: Introduction

1 Introduction

1.1 Y= a7 )LD
ZDORZaT7IVOEBRIIROBED TH .

1. Introduction
Y= a7 )VORERR, notation BEURAFHE
2. Risa/Asir
Asir OffE, {1 A L —2 3>
3. B
Asir 12817 5H
4. A—HYEEE Asir
Asir O 1—YFFEOMH
5 TN
I—YEEDOTINY T O
6. #AAIAHBEIEL
XA R SUNTE - Ok S
7. DEGEE
ST EBRREICBE T S fgan, BARDFEMT
8. JULT7FHEEDHE
TV T FRIRICET SEE, HEEOMH
9. KEMHKICEET HRE
REEIEITBE T B EE, A O
10. BAR&EICEET HEE
ARSI 2 B%K, AR OfFR
11. fF8%
XIEDFHM, > TINT 7 AIVDRES, AHA>F Tz —R, BER, XHR

1.2 Notation
ZORZa7INTI, WD OFEE EOEERHS. ThSICDWTHIAT 5.

o HEALT, F1T IR TERINS.
gcd(), gr()

o HEOFHHAICB T HEEOBIEL, RHFEHRTERINS.
int, poly

o Ty MINKE, PIINI A= R"DEDIALTIAIEKRTEINS.
‘dbxinit’, ‘asir_plot’

o FIXFETFEN, ¥4 T F15KTERINS.

[o] 1;
1
[1] quit;
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o WHROZIZ, [0 DEDY AT I FEKTERINS.
[Boehm,Weiser]
o EHEDFIET, BWVEERBDIT, [ TH>TRIND. £z, 0 B EDOEDERELUIZ, [I1*x TRINS.
setprec([n]), diff (rat[, varn]*)
e shell (csh) @7O 2T MT % TERINS. kL, 1 A M—JUFRE, root &L TEEL TWAHHE
DO7O T NI # TREINS.
% cat afo
afo
bfo
% su
Password: XXXX
# cp asir /usr/local/bin
# exit
yA
o HHEIRII Z, AEEMAIT Q, EHMAI R, EREUAIX C ARAEIT GF(q) (q IXFEHKE) TXY.

1.3 AFAHE

FEXERT TV N T+ —LHONAFUBEUR =2 TR EDRFLAY b, BTN T 71 ), utility
IREMUTFED fip TAFTES,

ftp://archives.cs.ehime-u.ac. jp/pub/asir2000/

MHAFTED. by TT4L T MNIDTFRET Ty b T7+—LDAFIDYTT ¢ L2 b (‘windows’, ‘linux-
libc6’ etc.) &, PostScript BROYZ a7 Vb 5.

PARI @OV —XBUTNS5AFTES

ftp://megrez.ceremab.u-bordeaux.fr/pub/pari/unix/pari-2.0.17 .beta.tar.gz
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2 Risa/Asir

2.1 Risa 8LV Asir
Risa 13, B LB CHERORRUE S ZTL/51T 5 OB TH%. Risa ODHERITROBD TH2.

o HEAFHEI
ZiuZ, Risa ONEBERICEMI N TP o b (B, 2EARE) OMOEREZETIT2HI»TH D,
UNIX @ ‘libc.a’ REEFAED, SA TSV ELTEETS. T2V, C BXY 7275 Tid
BRI, BRTBEEA > F 72— Asir OEAFEFELEL THOSNTNS.

o ATV EHH
Risa Tid, ATVUEEHE L T, [Boehm,Weiser] IC&57U—Y 7 b7 (gc-5.0alpha2) ZH
WTW5., ZHEH—XYalL s ar (UF GC EFER) 2 BT ATV EID S THEZRS,
Risa OEWAHIITRTINCKDBERAEYEZ/BTNS.

e Asir
Asir 13, Risa OFtEI P OSEA Y 71 —ATh5. Risa T, BRI —FHOSE
DT I—REEDIENTES. Asir 3ZDO—DDFELTESZHDT, C FB/BIGENEEZ D D.
F/2, COFNYHTELTASHWSENTNS dbx BDF Ny THiHA TS,

2.2 Asir D45

Asir i, IROBED, SHEIC P OEEA I T2 —ATHS. BH Asir EWSHLFTOEFTRRET 7 1)L
ELTRHEEENS. BEYR— b ENTWSEEIIBNRDOED TH 5.

o C EERAOI—YZiE

o ¥, 21K, AEADIMERE (F)

o N7 B, f1HIDHHE

o F/NRDU X MLsE

o MAALEE (K¥HM, GCD, /'L T FEHKRE)

o I—YEBHKICKDY—IL (REAK LOREMRERE)

e dbx BDF/NvIH

o [REREDHiH

e PARI (55 6.1.13 fi [pari], 34 R—I M) T X 2¥)FEBEEZ SO KO
o UNIX LETosr#EHEBERE (Open XM)

1|

2.3 Installation
LT OF#HE TARARK, AMERBRNH > HEGOHNEHER
risa-admin@sec.flab.fujitsu.co.jp

FEIZ e-mail TBEWL ET.
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2.3.1 UNIX binary version

& —%"w ~ CPU/OS IZHET 5 ‘asir.tgz’ ABETHS. ZhHIE2T gzip TEMLTHSDT, AF
% gzip TRHETS. £, 1A M—NVT5574 L7 MU ZERDS. 7 74)V b T ‘/usr/local/1ib’ iZ
‘agir’ EVIFA LI MU ELTA A M= EINBILEFELTWS. UFZOTF4 L7 N ESAT S
UsF4 Lo hU SRS,

# gzip -dc asir.tgz | ( cd /usr/local/lib; tar xf - )
BABICHERT 285BI, ‘SHOME /R EICENTH K.
% gzip -dc asir.tgz | ( cd $HOME; tar xf - )
ZOHE, SAT5VT 1L M QAR EZREAR ASTR_LIBDIR IKFRET DU ENDH 5.
% setenv ASIR_LIBDIR $HOME/asir

Asir AKX, 5175054 L7 U D ‘asir’ TH5. ‘/usr/local/bin’ H5VEI—FDEFTT 7 1)L
PY—FNADEINITI R Y I U > 2ELELERNTHS.

# 1n -s /usr/local/lib/asir/asir /usr/local/bin/asir
ZNT ‘asir’ WEHTE 5.

% /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

%9 PARI 5175V % install $24EnH 5. LLTIE FreeBSD ET® PARI @ installation D
TH5.

su
gzip -dc pari-2.0.17.beta.tgz | tar xf -
cd pari-2.0.17.beta

./Configure

make install

make install-lib-sta

H OoH H OH

‘asir2000-src.tgz’ # AFHE, W4T 1 L7 MJIZBWT, gzip TEBL, LLFOFJET install 5.

% gzip -dc asir.tgz | tar xf -

% cd asir2000

% ./configure -oxhome /usr/local -pari -plot
% xmkmf -a
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% make

% su

# make install

# make install-1lib
# make install-doc

FLOBFIT, /usr/local’ 137 7 )VAt install TN557+ L7 MU ZEEKRT. HIb, N1FUT71)) ‘asir’
13 ‘/usr/local/bin’ IT install TN, 1T T UBKUVXET 71 VX ‘/usr/local/lib’ T install
5. —oxhome D5 ELTHESINS T« L7 hUIL, PARI @ install £ 22 THBHZELE2EKT 5.
H L Asir 2linstall S35« L7 FU 2EET 554, ‘include/Risa.tmpl’ @, % PARIINC BL U
PARILIB OEZEHAE S 2MENDH 5.

2.3.3 Windows version

WERT 714 )3 ‘asirwin.tgz’ THB. fliT, ‘gzip.exe’, ‘tar.exe’ MLEZA, asirwin.tgz &[F U
T4V MICHELTHS. TS 3 D077 )VER—FT« L7 MJIBE, DOS 70> T hhb

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

EETTIL, ‘Asir’ EWSF 4L MY (Asir b—hF o L7 RU) 3TE 5. 990831 ik TiE, GUI &
AEBHEES N, TTFNY T4 > RubH7OvRELT GUI BIEUHE NS0, Asir )L— b5 o
L MUBELLKBHINTVWEZEMBETHS. Asit —rF 4 L7 NIOYTF 4 L7 M) ‘bin’ IZ
‘asirgui.exe’ (GUI), ‘engine.exe’ (A&/K) NENNTWNS. ‘asirgui.exe’ OFJEIDE LIFIE, =7
ATA=5Mn56f75. THITKD

HKEY_LOCAL_MACHINE\SOFTWARE\FUJITSU\Asir\99.03.31\Directory

EWSVIZARMUIT Asir )V— b5+ L7 FUBRELSBREFEINS.

24 A RSA AT 3
AR EIA>F T a TROED.

-heap number
Risa/Asir Tid, 4KB 070y 72 AEUEDLTOEME L THWTWS. F74)L M T,
I heap &L T, 16 7w Z (64KB) FID Y TAHH, TNE2EET 55, -heap ZHN 5.
BAid7 0y 7 TH5. heap DRE X, heap() BETHNRD ZEANTED (BALIFNA B).

-adj number
ZOENRENVZTE, FHATRYRBIIKRE< 2SN, GC KD <7%. number &L T 1
LEOBENEETES. T 74 NTIE 3 THD. ZOMEN 1 UTKAEDE GC &2 LIRWVE
EWIRDDTHEIEE THS. heap 222X MITETIC, GC 2EERICLTATYEELEW
BaE, 2oz REL (BIAE 8) #HETS.

-norc WL 7 7 1)V ‘$HOME/ .asirrc’ 27 E7nl.

-f file HEATTORDDIZ, file POANEHAAALTETT S, TI5—0OBICIZEBITKRTTS.

-paristack number

PARI (% 6.1.13 i [pari], 34 X—YBH) EAOEMOKE S 2IEET 5. BIINA b, 57
7 4JV 5 Tid 1 MB.
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-maxheap number

heap D ERZEETD. BAIEINA . 7 74)0 FTIHERIR. UNIX 054, LB
limit Y2 RTERINS datasize DEICHE TN TS /28, -maxheap DIFEMN/R L
TH—ERLL LT heap 2B/ TERNEENHHDTER.)

2.5 BIETH

Asir OEFTICET 20N DN DOREZRMNERET S. UNIX ETIHREEERKI shell Da<v > E51 205
BEFERET D, shell ® ¢ 771V TEET 5. Windows NT TiZ, [[E]->[Z AT L]->[BREE] TRET
%. Windows 95/98 TiZ, ‘c:\autoexec.bat’ IZEWT reboot §%.

e ASIR_KEY
UNIX hRTIE, Asir BEB SNz e % key BWRFIUNIZD YT > ET Asir IZEEL 2.
key 13 16 ¥ 8 #1 3 V— R 5720,
% cat asir_key
cf6£236¢c 61a35091 dddc4529 geisha
82281685 d1929945 a8bd24ca yorktown
34b75d30 63f8df93 3e881113 nyanchu
EVWSTETERBEDII TS key Z2—DDT7 7 A IIVICEEDTEL ZENTES. key DA
BEINZDOT, IAFEELSIENTES. key 2807 71T, LTFOIETH—FIN5.
1. BREEZ¥X ASIR_KEY IKHEESNAET7 71V
2. AL T4 LY MUD ‘asir_key’
3. IREIZ% ASIR_LIBDIR TIRESN/T 1 LI bU (FEENBRF T /usr/local/lib/asir’)
? ‘asir_key’
e ASIR_LIBDIR
Asir DA T5UF4 LI MY, TabbI—YEHETEMNLT 7 AN ENBINDT 4 LI M.
BN NS UNIX R TIE ‘/usr/local/lib/asir’, Windows R Tid Asir A >S5« L2 hU
DOFDLib’ T4 L7 FUBHWSLNS.
e ASTRLOADPATH
O—REINB 771 INDH 55117 ~J % UNIX 055 7, Windows 055 ') TRY>TIiRS. 1
L7 MURENSIBIZY—FINDS. ZORENRBRVEE, BEUTEEIN/ZT 71 )VH ASIRLOADPATH
MGG, 947551 L7 MUY —FIhb.
e HOME
-norc 73> DETEELIEZWEE, ‘SHOME/ . asirrc’ b iU, FHO IO T 71 )V Z2HET3 5. HOME
MRE SN TORNES, UNIX RTIRRICHFEERNA, Windows ML TIE Asir A1 51 L7 MU
(get_rootdir() TREINBFT 1L Z M) @ ‘.asirrc’ 2L, HIUITZTNEETT 5.

2.6 EENNSIRTET
Asir #2875 &,
[o]

RBTOLT SRFREN, Ly L a YT B, ‘$HOME/ .asirrc’ (Windows fRO$#, HOME #5E X4
TWRVWEAITIE get_rootdir() THENZT 1LY hUICH B ‘.asirrc’) NEELTVWBEHE, 0
Ty A& Asir T—FEFETHMNET 7 AIVERRL, BRETT 5.
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TO 7T NIANTOEREZEZEKT. By alid, end; £/2ld quit; ZANTHIEIIKVKTTS. AN,
FERIRY ETE-RUIDELTEtiTNS. 3’ OEEFHERIIRRIN, ‘$ DEERRININ,

% asir

[0] A;

0

[1] A=(x+y)"5;
X"5+5xy*kx"4+10%y " 2%x " 3+10%y " 3*x"2+5*y"4*x+y~5
(2] A;
X"b+b*y*kx"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;

)

ZOHFITIE, A, a, x, y IRALFBFHEINTNS. A X707 5 LCBITZEHT, a, x, y IZBCAHRER
TORETLTHS. —RITT OV T LEBRBRLFTHED, RETR/NLTFTHES. ZOFITHONELD
2, 7075 AR, B, X EZBHL THELZD0bDTHD, C FHEREXBIIERIIHET 5. —
B, AETZZTNEH TEZREDZ LI TET, /5T, REXHTL2RAZF IR, BITRT, RE
T AR, fAABEE subst () ITKDHIRMNIZITHONS.

2.7 BUiAH

SHRZETPICEIVABZNTEVEE, BIDIAAF ¥ 5% (B C-c, Windows, DOS R Tid C-x %
ANT 5.

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

FBEREOBEKITKDED .

q Asir 279 5. (HEZEDHD)

t ry TLNIVICRS. (EEDD)

c LTS 5.

d TNV T E—RIZAS. TNy HICELTIE 8 5 &8 [FNvH], 24 R—IUBR.

u register_handler() (55 7.5.6 ffii [ox'reset ox'intr register’handler|, 89 XR—I %) T
BERSNIEREETR Y TLNIVCRES. (HEDHD)

W W R E TCORBOIFUH LI ZRRT 5.

HRFELOBERZHIAT 5.
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2.8 T —4L18

HAAAEBICARERB OB EZE L ZHEREIIRITNFE INSD, I—FEBROF TS - ER
BETE Py T URNIVICREDEICHEBCT )Ny 7 E— RICAS. ZORETITS—0BH, EHATOSIEKOME
BEBRARDIENTES. ERINDBITI—Avt—IJRFIETIETHOD, NEBOEBAITEIEHENTA Y
tT—URERRINDS. UL, RUHINZHEAABEEENLT UHRBIE LR,

ZOftl, SEIERFERICEDNHEERBMICBNWTIZS—0N4ET 5 ENH 5. UNIX OGS, THiTK
DONTNND internal error & L THEI N, BHOLT—EFEKICE > T, TN\NYFE—RIZAS.

SEGV

BUS ERROR
HAAHEHIC LS T, BIROBMEMEICF v 7 B FICHEIL—F I3 EELTLES b
DHHEELTNS. ZOXIBRIICBNT, REARSL 2%, 5 W0WE NULL #1>%ick5
YU RABREH S EE, TNSEDTI—E155.

BROKEN PIPE

T AMBREIZBNT, HEREOTOLZALOMOZX M —ANBEICHEEL TORWES (i
BT RO T O AR T L TWEEAERE) 1T, ZOA N —ARAHBALED &LE
BRIIZIOLT—L25.

INSIRERICE, HARAAEBDOADIBNWT, 5IBEZTR2ICT v 795 2 LKV KREMNIHT 508, F

MmN 5ZE L, BRI > TRPBEHE T I LRI ED, HATIERTF oy 73 —FHERIILT
H5.

2.9 FEER, BHROH

QRIATF—TFLLTHEMAEINS. BIERDEDBRENDS.

@n n HHOFHERER.

Q@ B AT DFTH RS R

Qi AL

@pi A =R,

Qe H AW B DJE.

Q 2 itk GF(2) LO—ZHLHEADOER (RETT).

@>, 0<, 0>=, 0<=, 0==, Q&&, Q| |
quantifier elimination IZHBV} %, —EiREREERET

[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] @e[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] eo[4][0];

Xx"4-x"3+x"2-x+1
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[6] (1+@i)"5;

(-4-4%Qi)

[6] eval(exp(@pi*@i));
-1.0000000000000000000000000000
[7]1 (e+1)"9;

(0°9+0"8+@+1)

My TNV TRHESNZEIZOISICEA MY ELTROHLUARETH 278, 2O &, AR—yaLy
FITESTIRAHE DS TR D S, RIC, KERRXE My T LNV TRHEL GG, T0%O GO K
DRI KRT DAREEN D D. ZD XS 28E, delete_history() (55 6.12.13 #i [delete_history],
79 X—VBIE) BELTH 5.
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3 #

===

3.1 Asir C{ERRRE/REY

Asir IZBWTE, WHEBERTANS NS TS LRI, N—FICKOHPMEFECERIN, 15TV
ZiC&k D Risa OFHRIZ D2 2FUOH LN NMERICERIND. BRINLHEREZ, ROVWTHMD
MeFD. B, HAAAEE type() KK VRINDMEITHIEL TS, &HIZ, Asir DT DT> T M
X9 ANDARERERD NS DNERT.

00
ERRIZIZ 0 2B FIZHDORRIEELRWN. 01F, CIZBIT3 0 RAFITKVRHIAINT
W3, UL, EELE Asir ® type(0) 13E 0 #3&7.
1%
1 2/3 14.5 3+2x%Qi
Bix, T 510 DOhDHIZHTENS. ZHIZDWTIZI F TR 5.
2 ZIEX (FTRW)
x afo (2.3*x+y)"10
2EAL, 2 TERMASIN, TORRICBITSERIETFITH> T, BRAIC 1 BHEEAE L THRE
DIECEHEINS (5 8.1 fi [PHMERHLER], 8 X—U2MHE). Z0Ok, TOLEAICHNS
EFmRR DL ZE EEH SIEA.
3 FEHX (ZHEATARW)
(x+1)/(y~2-y-x) =x/x
FERZL, 285 FHAHSAETS, HRIIZ red() SIMEINZWEDHMIThNRN. Zh
1%, ZHEAD GCD HEMMMD TEVWEE TH 5420 T, FHAOHEEIFENHLETH 5.
4 YR b+
o [i1,2,03,41,[x,yl]
UZMEHEAHLEHATHS. [1 3EIYXMZEZERT S, UXMIHITZEMEE LTI, car(),
cdr(), cons() R EICKBBEOMIC, HAHLEHOES LA LT, [index] ZHERE
D5 ZEICKVEROMOHLEZITD ZEMTES. MR
[0l L =1[[1,2,31,[4,[5,611,71%
[1] L[1]1[1];
[5,6]
EEITREZEZ, YRS, BF (175, RT MV) I, 1 >F v 7 X30 p6aEs & &, U
ANDEZOBMOHBLEA Ty I ATITD LR, BRIIEENSRA ¥ ERESLZEITH
Y520, BN T HEEICHKR L TRERY X N TRFHABINBHEENHHEND T &
Ths.
5 NJ ML
newvect(3) newvect(2,[a,1])
N7 MUIZ, newvect () THIRMICAR T 2HENDHS. FiFDOHITIX 2 K7D 0 X7 BV
BRI, BETIE, EORS a, B 1RGN 1 ORI MVBEREINS. LD 0 54
2 51503, B 1 BIBUTORSIOU A 22T 5. URMDOERIENSHNWLON, BV
WirE 0 B3ibins. B [index] ITXDED HE 5. EREITIE, ERIC, X7 ML, 1751,
UZX R Z2EEBROBOMRERATESDT, ZRITEFNEZNY MV TRETLIENTES.
[0] A3 = newvect(3);
[o0O0]
[1] for (I=0;I<3;I++)A3[I] = newvect(3);



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

[3] A3;
[L[ooo0]J[O000]J[O0OOO]1J]J[[LOOO]J[OOO]TL[OOO
11

[[o000]J[000]J[00011]1

[4] A3[0];

[LoO0OO0O]1[O0OO0O0O]1TLOO0OO0O1]]

[6] A3[0][0];

[0O0O0]
6 1751
newmat (2,2) newmat(2,3,[[x,y],[z]])
fTHIDAER S newmat () IZK VHIRMIZITHONS. #fHED, BIBU A RDOU R NERBZ &
ZRWTIENRY MVEFRET, UXRROKER (ZHEERZV A NTH D) X, BITOHLICHE
b, BOBRWEZITIE0 Bl 55, 7516, FERIIIMTLEOMRERATES. T50%
T, X RMVELTROHT Z &N TES.
[0] M=newmat(2,3);
[L0O0O0]
[L0O0O0]
[11 M[1];
[0O0O0]
[2] type(@@);
5
7 X5
nn llafoll
XFHNE, EiCT 7 AIARBRECHWSENS. XFFNTH L TEMEOHABERINTWT, R
132 DOXFHNIOMEETHS.
[0] "afo"+"take";
afotake
8 &k

newstruct (afo)

Asir iIZB T 2EERIE, C TBI2BERZBBHUL 2D TH S, EERASIDOERD 24
TYVRATESFT P2/ bT, BERERBICAFTZDITS.

9 MHIRFALZIER
2%<<0,1,2,3>>-3%<<1,2,3,4>>

T, BEAET LT FREEEHORT, BEOHETIORNBELRS I EIXETRND,
TV TFREFEN Y r— VBN EETEMNTNE D, I—PIHETES X5
MUZBELT Asir THATESLORLTHS. ZHIRDVWTIE 5 8 & [V LT FHEDG
], 98 R—UBH.

10 FELZ LT 32bit B2
NIS—FTzo b

PLEZDIE, Open XM CBWTHWOLNDRHA TP 27 FTH 5.
12 GF(2) L0775

BITE, 5 2 OFRKICB T 2 RELHOEDDOF T 7 hELTHWSNS.
13 MATHCAP #7224 b

Open XM i2HBWT, ESHTWHBIEEEZET 520047 V17 hTH5.



14 first order formula

quantifier elimination THW 5N % —REiRaEmER.
15 matrix over GF(p)

INEECH BRIK L 1751
16 byte array

#5272 L byte OB
-1 VOID # 714 b+

RN T -1 29047V 27 MIBERORVERENENTH S L2RT.

3.2 #HDB

0 BEH
HEEL, ME2EEEH (bignum) KX DEHIN TS, FEEIZE ISR TEBR S
na.

1 EREZE/NE

T DR B RS EIRE/ NI T H 5. Asir OEBIFICIE, BEOHRTAN S R/ N
R OBICERENS. 72751, ctrl() ik D bigfloat ASER TN TV 5 HA 121 bigfoat
EHxhns.

[0] 1.2;

1.2

[1] 1.2e-1000;

0

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

1

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

BRI E/ N CE BB OWER, AEEANFE/NIICER SN T, BFE/NMEE L THESINS.

2 RERIE
9 B [REMEICET SHE], 124 R—I 2.
3 bigfloat

bigfloat 13, Asir TiZ PARI 51 75 UICKDEHINTNS. PARI IZBWTII, bigfloat
i, REHOAMERLBEET, BRI 1 7— RUNOEEKITR SN TS, ctrl() T bigfloat
BEIRT D EITX0, IEOFE/NED ASIL bigfloat & L THbNS. FEEIIT 74N T
1310 i 9 HREETH S, setprec() WK VIEERRETH 5.

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

1

[1] eval(2~(1/2));

1.414213562373095048763788073031

[2] setprec(100);

9

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

1.41421356237309504880168872420969807856967187537694807317654396116148

eval() 1, SIBICEFEN L HEUEZ \RE/RR D B LT HHETH %. setprec() THEZH
THEOE, BROBEZRIET 5D DT3RS, PARI N THWLNARBE DY A X&RTZ



LICHERTRETHS. ((undefined) [eval deval], (undefined) X—2’) 5 6.1.13 Hi [pari],
34 R—TBIR)

4 ERE
BRI, AEE, SHEETH/NK, bigfloat 23, BHE L T a+b*0i (01 IXEEHAL) &L
THEALNAETHS. £, BEiTThTh real(), imag() THD HE 5.

5 INEBDERREDITT
ZZTEI/MER ST, EEMN 2°27T REOHBDODIETHS. ZOXIBAERKL, BHEDEZ
A7 VT FEESRECBVWTHTNICHW SN, BREREOSBERALERORKZID T
ZETHRLNS. TNHHIET SHEREICET 2 EHRIIFFZT, setmod() THREINTWVS
#¥ p 2HWVWTGF(p) LTCoOEENSEAINS.

6 AEBOARREOTT
B E LU TRERORENENS. ZOROKE, BRICHL simp_ff 2MAT2 I &ICLDAE
5h5.

7 =2 2 DRREDTT

E¥ 2 OEBOHRAOTEEETS. MK 2 OFKMA F 13, AKX [F:GF(2)] 2 n &
THuE, GF(2) LEE7 n KB £(t) ek b F=GF(2)[t]/(f(t)) EBBbaN5. 351,
GF(2)[t] DTt g 12, f(t) bEHTHRRESTE v MlEBRENZ70, B b3, F 0t g
mod f 13, g, f 2H 50T 2 DOLw MNITEETSZ ENTE 3.

F 07z ANT B0 ODOHENHEIATNS.

e @
Q IIZFDBAICET, XFEME LT, EANUDREREZE2H 5DOTH, BMTHNEEES
2iE, F=GF(2)[t]/(f(t)) BT S t mod f 2H5HT. K> T,0 DLEALLTF O
TEANTES. (@°10+0+1 72&)

e ptogf2n
EEEED 1 £ £ER %, ptogf2n KX OXIET S F OILICERT 5.
e ntogf2n

EEOBEREZ, BARMATF oxeHiznd. BRKEL T, 10 i, 16 # (0x THE
%), 2  (Ob THx ) TAHNNHEETH 5.

o T
LHEADOBREZILTE F OFTIKEHRTH XS BGA, simp_ff KX VEHRTE 3.

REEBEROES, = 2 OFBREOEHLERIL, setmod_ff THRET 5. HREDTES LOFET
1%, setmod_ff ICKDFREINTWS modulus T, BT 2EB500, EOHFTHEEMNMTDONS. —H0H
BEOBAIE, TOFEEIHBNCHEREIN TWIERADOTIERI N, HENTDONS.

3.3 ~ETTDHE

LHEADOLEERVEIRNREZARAEITLE LR, Asir T, HNXFTHED, LEBEOT IV T 7 Xy &, ¥F,
S RBLTFHIERETE L TEID, TOMICHIATFALAICLIOARETLE L THEDONZ HONN DD
%. Asir ONHFEREL T, ZNB5IRETLEREL TOREZEDN, BHEFE, RETORICE D XX
n5.

0 —MRARETT
FNLFTHESZ LT Z2EHAOEREL TRO EFRICHNSNS.
[0] [vtype(a),vtype(aA_12)];
[o,0]
1 REFRE
uc() 13, *_ THEDIXFH 24T ET HARETLEZERT 5. TIN5}, I—FRANTERN



EVSETT, ~BAETLEED SRV, I—FRAHNLEZARETLEHBRELBZNENSHEZ
FHL TRERKDOBHERZECHNS ZENTES.

[1] U=ucQ;

_0

[2] vtype(U);

1
BEEIE
MAABEE, I—FEEOREUTHLIL, TN TASHO Asitr ONEHBERICEBR I NS0T,
sin(x), cos(x+1) &R, FAMEDZTOEEOWTHEET . ZNIREEERETIN, Th
HEMN 1 DORETLEL THEDONS. £00RHERFIE LT, HEZE 0pi LEAMBEDIE Qe
HEBERE L THDNS.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

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

[sin(x)]
BT
B OV LI, fname(args) EWS B TITIRbN 543, fhame OIS 2 HEF EIER. BT
W, BEROEEICE DEAAAERF, I—FEBERT, AIEHKTREND S0, EETFIZ
HMTAEITE L THET 5.

[6] vtype(sin);

3
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4 1—HEEE Asir

Asir OHAAAEEIL, KEH#E, GCD REDHEZTI O, 77 A IVAHNZITI bD, H2VIRERD

—HEROETHOREIEFIERBONHABINTNDYN, I—FNREBRIFTNW NI EE2RTIELED

WIE— R EBICLSD 70T L 2B BENHS. I—FFED Asir LTINS, LIFTIE, 21—
FERBOGERAIBIUEBROL—FEE TSI L2HE LT O S LAOEEFIIONTRERS.

4.1 3L (CERBLEDEWD)

Asir X% C SEEIERL TS, BHLRHERIROED THS. HUTFT, BRERZ Asir iITBIT27
O I LHOER, IIBOBbARNFETHELINFINEBEKRT LI L ETS.

o LTEDOEMIRN.
BEICHBIL=EBD, Asir THODNAHEHHZR THOMOEZRK > TS, LML, 7055 LEK
B, EOLIBHMRTHRATELLENIBRTENZNDTHS.

[0] A = 1;

1

[1] type(A);

1

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

[3] type(A);
4

o HENOERIL, 57 4 M TIRESIEZE D TITRTFHAEE.

272U, extern EEINZEEIZL, My T LNV BI B RBEKERS. TRhbb, BHEOZI—-T13

RIBER ERMAERO 2 BEICEMILINTWS., by T LN, §hbs7a> 7 MU TATIN

FEBRETREEEELTREINS. FEEENTIRROVWTMERS.

1. WEMRERIND T 7MIVIKBNT, TOREERMUFIC, HIEEN extern EEEINTNDH
&, BERNOZOERDREEREL THDbONS.
2. extern EE 3N TVWRWEBIIZOEEBICHATHNERRS.

% 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 JOTITALEBIIKXFETIHED, FET, HEIX/NLFTHES.
ZORIX, BEOBANE L X T LDRFEANELRRDHTHS. Asir N OHFREZRAL DX, 21—
PHRARETLDODS D THALZERICTRASHDENRAIN TOWEGEIORILEZRALS, £, BEED
PATLCHONEIRRRZ BT D20 TH 5.

e switch 3, goto A/,
goto MW\ ¥, LE)—T & —EITHKIT D DPLREMITIRSEENH S,
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e IR, for (A;B;C) /713, while(A) D A, B, CICDHED ZEMTE 3.
ZHE, URARZ2ERBA T2 FELTMARIEITL 5.

PAEIZHIBRTH 208, iR E L THEROREAET 51 5.

o HHRIIHNTZEEZ, @HD C IITBITDHELFERKICTES.

o UZXRIHZS.
HWEKZHNWDETHRNWEZROEANKRZ, UARNTETIENTE, C TEEELIGFAKKBEL TS O
TILMNEL, AT <ET 5.

o I—YEREKICBITIEAT L 3 iEE.

ZNCELTIE, % 4.2.12 i [F 72 a V5E], 23 R—IBR.

4.2 A—YEEHRBODEEH

4.2.1 1—YEEEEK

I—VFIZXBEBDOERIT ‘def’ XTITH. ELT—REHRAAAHFIIHIEEF v 73N, BBLZDE
FiNEREINS. B (BIEROBEEICERRL) AL OEENERINTVNDHEAIC, %@E%Uiﬁﬁ%éh
%. ctrl() WEICE D verbose 7574 on IZ/iR> TWBEE

afo() redefined.

END At —UNERIND. HAEBOERIIBNT, FEREZOHEZIFUHL TWTH, EHEFFITIT
IS5—ITlaninly. EfTh *ﬁ%@@&éﬁvw%oabt%Akl7 5.

/* X! x/

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

/% (0 < i <N, 0O < j<i)w

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

return A;
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}

2 DHOHFITIE, BE N+l ORI L (AT 3) 2R ENS. A[I] BEX I+l ORFITHD, 20ThE
NOEFN (C; ZERETHHINITHS.

UTFTI, Cltka7ary o3 07 ORBNIBENADEZDIZ, Asir FEICKD 70T 5 LDEEH 2T 5.

4.2.2 ZHEELUARET
BEICIR 2D, Asir WBWTIZ T 07 5 AR ERETLEHBICEKA L TN S.

Z# KXFTHED, 7IVT 7Ry b, BFE, 7 N5R5FS]
BEHHNITOT 5 LB ER, Asir DI FIERMONBHEREHKMNT H-0DFTH O,
S N=NEEDY, ZOZBOETH 5. BENROERE L THEiE NSRRI, 2212
Shific@EEMz 5hs. Thabs, NEERoHIciZ 7oy I ABKIERNRWN. 254
T O THEHEEh TV 5.

[0] X~2+4X+1;

1

[1] X=2;

2

[2] X~2+4X+1;

7

RETT INCFTIRED, 7V T 7 Xy b, BF, 0 D557

ARETLER, ZERAREZERTHIBICHEMNMEINSEHEZ NI . Asir IZBWTIE, RETIIEE S
TIRWEBRZRITTH D, RETLNDEDORAIZFF S N7,

[3] X=x;

X

[4] X~2+X+1;

x"2+x+1

4.2.3 B|#

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

}

I, 1 6 N ETOHRKRKOMZRDSEEK sum() OERTHS. ZOHNITHBITS sum(N) O N 5]
BThs. ZoplZ, 1 5IBEBOFITHEH, —RICEIBOBEEIMEETH O, LERIZTOEEE ¢, TK
Yo TIRETAHIENTES. 5IBMENEEINS. ThbE, 5IEE2ZTE o008, TO5KOEEZEEL
ThH, ELEAIOEEIEL LW, 72720, fIANS 2. 23, X7 MV, 7512 BIBICELZREETH 5.
ZOBED, BEINLEERTOODOEEEREZ DL, TOREBKICRNBBRETHIMN, ERE2BEHBA -
Ba, 20U, MUOHLAIONT BV, fTHI0BEREHZHMA D I LITR5.

def clear_vector(M) {
/* M is expected to be a vector */
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L = size(M) [0];
for (I =0; I < L; I++)
M[I] = 0;
}

ZOEEIL, SO bLE 0 X7 MVCHHIUET 2720 OB TH 5. £k, X7 MVESIBICET I &
KD, BROKRZGIRDONY MVITIAL TR ZENTES. ERITIE, 2OXIRGETE, #RE2Y
ABMRLTRYIZEDBTES. RN C THENDITTEH I ENEEL L.

4.2.4 AV~
C Lk /% & %) THENEZEMIIAS RELTHEDNS.

/*
* This is a comment.

*/

def afo(X) {

X2 MIEBITICES THEDOREVLS, ANTICT B ZERTERW. /¥ B DB THREINDHDOD
BBERERY, BANCHN %/ TAA NIRRT LEERRINS. JOTSLRET, AL EEFD
RSN D D2 IA L T U M UAEGAIIE, #if 0, #endif 2 AT LW, (55 4.2.11 & [FU Tty
H], 22 XR—IBHH)

#if O

def bfo(X) {
/* empty */
}

#endif

4.2.5 X
Asir O 1 —JEKIL,
def % (BI%, BI%, ..., BI%) {
38
'8

}

EVWSTETERIND. TOXDIC, MIHBOEAMERERTHD, 70T T L2EL DI, XNED
EIRBDTHErHERITIASRN. BHEMATEL T, BEXhndH5. Zhid,

S = sum(N);

D&, RickimiL s (5 £21E ‘YY) 2007260 THS. ZOHEIKTEL D return X, break 373
ENXDER/NERBEALE72%. if XA for XDEFH (B A1 Hi DUEDFHM], 146 X—IBH) 2RI
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MBED, 2N 5 DOAKIL, Bizs DD E L TERINTWS. BHIL, AMKICITEROINBIT 2 2 &8
VEERD. ZOXIBEE, U &Y TLOUVEEST, —DOXELTHD ZENTES. TNEEX
EIEA.

if (I==0){

| S R
nnn
w N =

}
Y OBAIIIKEmE BN ERD, BERS, S PARBRICXER S TWT, if XOEFEMZL T
NWBENSTHD.
4.2.6 return X
return i3,

return & ;

return;

D2 DOOBANBD. WITNOEENSHKITZODOXTHS. MEFRFZEROMEELT R 2RT. HETI,
BB DMEE L THARENDNION 520,

4.2.7 if X
if XX
if (X)) if (X))
X 0N X
else
X

D2 EENDD. INSOEFEIZHSNTH DA, XOAEIC if XARLEGECERZETS. ROH2E
ATHEKD.

if ( )
if (X ) X
else

X

ZOHE, FRTN5IE, else AT, RHID if IHIETHEDICHAZH, N—H13, BEIWIC 2 ZBHOD
if IHHRT 5 EHWTT 5. Tabb, 2 FBEO if XEFFLZZDIC, SGRICBERENEN, ThE2MIET 5
7=DIZ, else LU T, BBV if ITHIRTHENWSHAINEHINDZDOTHS. #>T, ZDHII,

if () {
if (X ) X else X
}
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EVWIBIRERD. FRTIHIGIE S DI,

if () {

if (X ) X
} else

X

ELRTHUIR S RN,

4.2.8 JL—7/, break, return, continue
N—T%HRT 53, while X, for 3, do XD 3 FENH 5.

e while XX
i,

while ( & ) X

T, ZhiE, R 2FML T, ZOEN 0 TRVED X 2RTFTH5EVNIELKERS. ZEAT A N1
2o, BB —T L5,
o for X
BRI,
for ( RUr-1; &X; XAWF-2 ) X
T, 2
RWS-1 (ZEXWRICLEHD)
while ( & ) {
X
RMF-2 (BERITLZHD)
}
CEMTHS.
e do X

do {
X
} while ( & )

i3, I XZ2ETLTHSRUERICE S HEZITIAD while LERBZOTNS.

N—T2HRFTHETFEBE LT, break XKW return XAH 5. /-, V— T OHliHzZ D HMBICHTFEE
L T continue XH 5.

e break

break X3, TN Zz2HDIN—T 22— TkT 5.
e return

return XX, —RICEENSRTB720DXTH Y, V—TOHNSTHETH 5.
e continue

continue XiX, IV —T DAKDOXDOKRMICHEZBET. FHAIX for X T, BBRORXWMTDEFT 21T
W, while X TREHRXOHEICKES.
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4.2.9 BEAXTEE

HiEER ST, SR OBERVBLFITY VA TELEEREFIEE> TR, SEERIIATTRIIENS.
W&, struct WICKDEFINS. HHBIOEERIL, HAAHEAE newstruct ICTKDAERINDS.
RS R N, TET -> 1L DT 7L RTB. AL NBHEEOSE, -> L L BIEERANTFICTES,

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

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

[3] A->num
1

[4] A->den
2

[5] A;
{1,2}

1;

2;

4.2.10 SEFIF4K
EAROBRELZELTL, KOOSR L0NH 5.

o IECERR, B
B, K 0ERT. BRE /3, AELTOEBICHWS. T, 2/3 3EEED 2/3 2ET. BE
BE, 2EARE (FRZ2S0HE) CRIBREAABBRESAZINTNS.
x+1 A~2xBxafo X/3
e (2T VIADEDER
N7 MV, 75, URARDERIZIA Ty I RAEANSZEICEOBOBES. 12057 v 7 X% 0 1 6hb
EFBHZEIEETS. MOHUEZERENRY MV, 175, URARRS, IBIXA T I RAEDFHTED
B THS.
v[0o]l M[1][2]
o [LEREHE
HELW (‘==7), BELL<AW (‘12), K/ (D, <, =, <=") © 2 HEENH S, ELSITHEKD 1,
Bz 51X 0 2EITRED.

o mEK
ERRE (‘&&), WEA (1) @ 2 HEEE, &€ (V) BHEIN TV, HIIRIE0 1,0 THS.
o KA
BHEOMRAZ = TS, Z0E,, BNEETFEHAEDE TRRBRRAZITIZ LB TES. (4=,
c_=a’ £*=” L/=” (~=’)
A=2 Ax=3 (24 A = Ax3 ERIL; ZTOMOEETHREK)
o HEITFUHL
EEIPOHLBRO—ETH 5.
° c++” (__»

INSE, BROFIRIIDONVWT, TNENRDO K D 72RIE, kT,

A++ fHIZTTO A DfE, A = A+l
A-- fHIZTTO A Offi, A = A-1

++A A = A+1, fEIIE(LBOE
—--A A = A-1, {EIIBLEOE
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4.2.11 7V 7Oty Y

Asir D1 —Y¥FiEIZ C EEZ2ELEDBDOTHS. C OFHMELT, U TOkyY cpp KKBY I OERM,
T7ANDA 27N —RBH B0, Asir TBNWTHI—FFET 7 1IN DiRHAAHDE cpp ZBL THH5H
AR EELE. ZNICEKDI—YEET 71V T #include, #define, #if RENHZ 5.

e #include
cpp WCRICHIBZES WD, 1 27— T 71U, #include BNENPNTWE T 71 IIVERT
T4 MU TH—FIN5.

e #define
ZHE, CIZBI2DEL<HERICHNS ZENTES.

o #if
/%, %/ KB IAY FMIANTFITERWDT, 7O TLDORKERBZIA ST T T BRI,
#if 0, #endif Zff5 L{EF|TH 2.

ROHFNZ, ‘defs.h’ ITHBIYI/OEETH 5.

#define ZERO O
#define NUM 1
#define POLY 2
#define RAT 3
#define LIST 4
#define VECT 5
#define MAT
#define STR
#define N_Q
#define N
#define N
#define N
#define N
v
v
v

O W0ONFP,RONO®

#define
#define 1
#define 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)?(a): (b))
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4.2.12 A7 3 48E
A—PERBEES N ZETESINAEE, 20T, N ZRTONRCHELOARHFIND.

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

evalf : argument mismatch in factor()
return to toplevel

AEMBIB OB E L —FEE TR L ZWGE, VAN, BEFIZHNS I ETHREERDA, RDOEK D7
KOGDODRTNHEDBARETH 5.

% 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);

[[1,17,[x-1,1], [x"4+x"3+x"2+x+1,1]]

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

(1,11, [x+6,1], [x+2,1], [x+10,1], [x+7,1], [x+8,1]]

2 ZEH® factor() OURHLIZBNWT, BBEROBICES N5 x"5-10#% A1 |mod=11 V&
PRTWB. UL, BEEFIFIC, mod &5 keyword KH LT 11 &0 S EEEID YT 2 & 28682 LT
Wo., INeF T aHEEERRIEIKT S, ZOfHEIT getopt (mod) THOHT I EMNTES. 1 HHD
MEUHL DX S I mod IZxT 247> a VIEENBVIEEITIE, getopt (mod) XEGENT -1 OF TP o
F2IRT. ZHICKD, IBESRVWEAEOEER if X VERTES. ‘|’ O®%AIE, EEBEOA T a>
%, TRYS TIEET 5 EMTES.

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

51 F/\vHET

CEETEMNEZTOTSADEDDOFT Ny dbx &, V—AL NIV TOTL—IRL > RNORE, ATV T
EIT, BROSRI ENEERRNIRT N T TH 5. Asir TIE, dbx ROF Ny HZ2HBELTWS. F)N\v
yE— RIZABIZIE, by 7L NR)VT debug; EAHT 3.

[10] debug;
(debug)

Z DA, ROF5E, HBVIRITT Ny Z7E— RITAS.

o EBITHITL—URA L MNIELESGS

o BVAAT ‘d Z2ERIRLIBEE

o EfFHPIT—2REILEBA
ZD%H, EITOMGIIARFIRETH 20, BEFEOLI—DOFRRK LRSI EBRBEOLEERRL TT
Ny T E—RICASED, TT—RICBIEEHRDEEZSRTE, TNy IR ELIENTES.

e error() MIEUVHEINBE

5.2 O< > ROEER

a2 RE dbx DaAX 2 FONKER/NEO D ZERA L. BT, gdb DX 2 B0 bW < DMEFIZR
HOEERA LK. EBOMAEX dbx SIFFFERETH 503, step, next I, ROFF TR RDOXZEETT 5.
T, 1 IO S BHEIE, 200K next %47 LATIILROFICED /3. £7-, dbx
LR ¢ dbxinit’ ZFEAADDT, dbx LR U alias 25 ZENTE 5.

step ROXZEFEITT D, ROXDBERZZVLEE, TOEKITAS.

next ROXEFEITT 5.

finish BHERTHPORBROETIR T LIERRTHUT N YV E—RICAS. #E>T step 2EfTL 1
BECAEMTDHS.

cont

quit TNy TE— RIS HRIT, EITEMkET 5.

up [n] 2Ev 7 TL—L% 1B (Bl n BB n B) 235, ZhickD, Z0RF v 7T —
LB TAERDEOSR, BHENTE 3.
down [n] RX&vr 7L —Lb% 1B (518 n 23H2KT n B) TH%5.

frame [n] BIENBNWEE, BRERGTHTOERERRTS. 508D SELE, AFY I IL—LEEE n D
HBDICKRETD. ZITAYY I 7L —LDFEEF LT where LcwﬁTéhzaﬁUﬂjbﬁUL
WT, EHEICERRINEZBEDILETHS.

list [startline]
list function

BT, £7213 startline, £7213 function DFEENS 10 7V —RA T 7 1 IV 2ERT 5.
print expr
expr &9 5.
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func function
5B % function [CHET 5.

stop at sourceline [if cond]
stop in function

sourceline fTH, 7213 function DFEFEIZC TV —URA > R ERETSH. TL—U KA1 > M3,
EEPHERINZEBAEHHNICEDEINS. if %6 <iBE, cond MFHEic N, ThHn 0 T
RN EITETRFEL, TNy T E— RITAS.
trace expr at sourceline [if cond]
trace expr in function
stop LR TH 573, trace TIIHIZ expr 2R RTDHDHAT, TN\ 7 E— RITIZASRRN.
deleten TJL—URA2bt nZEODIHET.
status TUV—URA > hNO—EE2ERT 5.
where BEOEIERETONRUTHLIIZERRT 5.

alias alias command

command 17 alias D& %25 % 5.

print OFMELT, by FLAVKBIBIEEAETRTORBENS. BEL, ZRONEDOERNET
BB, BEIHE U TROES BENENTES.

o BHDEEHZ
ETHOTL—IRA 2 MTBNT, BROEZEEL TETZMHI S ELVWEE, ROK D REEET
ZE K.
(debug) print A
A =2
(debug) print A=1
A=1 =1
(debug) print A
A=1
o EHHEDFUHL
REIEOCHL R TH BN 5, print OB ELTENS.

(debug) print length(List)
length(List) = 14

ZOBITIE, £ List ITHEMEINTNDY XA PDOEKEZ length() KK DFARTNS.

(debug) print ctrl("cputime",1)

ctrl("cputime",1) = 1
Z OB, FHERBRIC CPU M OFROEEEZ LENLSBARER, SHERFTINY TE—RN 5
BERTADIEZRLTNS.
e, LOZETHEZPE LTRSS BRWES, TNy 7 E— K05 bsave() REDQIT 2 RIC
KOBFHRET 7 M INVIRET DI LEDHTES.

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

FINY T E— RS OEEIFOH LU THEETRE Z &1, print OIS I —FEBZHROIETHL 25
DBA, TOERTFOHL TS —2R I > BB I T OEEOETRGAARTREIC RSB AN H 5 &N
H3ZETH5.
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5.3 T/\v HDEERB
TTTR, BREFRIICHE S U S 1P ERERENE LT, 7Ny H ORBOMAEERT.

% 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 2 FDRE
(0) stop at "./fac":5

(debug) quit <= FNwTE—REHKITS
[4] factorial(6); <-- factorial(6) DFMEUHL
stopped in factorial at line 5 in file "./fac"

5 return X * factorial(X - 1);

(debug) where <-= TL—=URA 2 M ETORTHLIIDRR
factorial(), line 5 in "./fac"

(debug) print X <-- X DEOERR

X=6

(debug) step <-- AT v TET (WRITAD)
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=5

(debug) delete 0 <= JL—=URA2h 0 OHEE
(debug) cont <-— EfTHkRE

720 <-- R = 6!

[6] quit;

5.4 T/\y HO#MEAL T 7 14 LD

RIS X/=5E 0, Asir 13, EEIC ‘SHOME/ .dbxinit’ 2%HAAE. O 7 71 )L, dbx DX XX £/2¥)
HREADOIAT Y REZERLTBL 771V TH B, Asir 13, alias FTOHZ2EHT 5. 2T,

% cat ~/.dbxinit

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



®mOFE: TN

alias q quit

BRBF/EICL D, print, cont BE, TN T E—RIZBVWTHBICHWSND AT Y RS, ThZ p, c 12
EBOWFFITRATES. £/2, TNy 7 E—RIZBWT, alias A< > RiIZXD alias DEBMATE 5.

lex_hensel(La,[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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\ 4
7%

6 HHAIAHBEIEL

6.1 HDEE

6.1.1 idiv, irem

idiv(il,i2)
n BEREICX SR,
irem(il,i2)

t BEREICKAEA.

return B
i1,i2 M

o il 2 ITEHBHEBREICKLLHE, FRERD5.

i213 0 ThHoTiFRsR.

WRBSAE OGS, HHEICH T 2HEICY 1 F X2 DT EEET.

i1 % 12 13, BRNECERLELINS ZE2BRNE irem() ORODICHNWS I ENTES.
ZHEADOBH AL sdiv, strem ZHN5.

[0] idiv(100,7);
14

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

[1] irem(100,7);
2

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

2 % 6.3.8 ffii [sdiv sdivm srem sremm sqr sqrm|, 41 X—, % 6.3.10 fi [%4], 42 X—.

6.1.2 fac
fac (i) w1 DRER.

return B
i B
o | DHEFEEETS.
o I NADHAIIT 0 KT,

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

iged(il,i2)

i BEO GCD (BRAL/KK)
igedent1([i])

i BH GCD o7 )V IV X LER

return B
iLi2i T

iged 13 il & i2 ® GCD %Xk 5.
SO BETRVWESIE, T —FRI3EERSERZIRT.
ZIEROHEIL, ged, gedz 2HNS.

B GCD KIS I ERAENHV, igedentl TRETE .

0 Euclid EF##% (default)

1 binary GCD

2 bmod GCD

3 accelerated integer GCD

2, 3 1% [Weber] iT&5%.
BBUA 3 BEELEN, IO D.

[0] A=lrandom(10°4)$
[1] B=lrandom(10°4)$
[2] C=lrandom(10°4)$
[3] D=Ax*C$

[4] E=Ax*B$

[6] 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)

2 % 6.3.19 i [ged gedz], 48 X—.

6.1.4 ilcm

ilem(il,i2)
w BRANVRERERD S.

return B
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il,i2 B

o BN il i2 OR/INAEERERD B,
o — M0 DFE 0 2KT.

2 % 6.1.3 fiii [iged igedentl], 29 X—2, % 6.1.9 fi [mt_save mt_load], 31 X—3.

6.1.5 inv
inv(i,m) : m Z#%&ET 51 O

return B
i,m B

e ia = 1 mod (m) R5%H a 23R 5.
e i & mIBEWIZETRITINIAZSHRN, inv() ZFDOF v ZI13fFbisn.

[71] igcd(1234,4321);

1
[72] inv(1234,4321);
3239
[73] irem(3239%1234,4321);
1
2 % 6.1.3 ffii [iged igedentl], 29 R—.

6.1.6 prime, lprime

prime (index)
lprime (index)

n BEERT

return B
index B

e prime(), lprime() WINH I X T LADNNIBICFEFORRROEFE ZIRY. index 1T 0 L EDOEEKT,
FREDA T v I ATV ENS. prime() 13 16381 £ ToOFEEKZ/NX WIEIZ 1900 &, 1prime ()
1%, 10 # 8 HiTHRARDEHMN S KZVIEIZ 999 FEIRY. TS D1 257y 7 AT L TiZ 0 2K7.

o XD RMBFEBEREEE LTI, pari(nextprime, number) 3% 5.

[95] prime(0);

2

[96] prime(1228);
9973

[97] 1prime(0);
99999989
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[98] 1lprime(999);

0
g % 6.1.13 i [pari]|, 34 XR—.
6.1.7 random

radom( [seed] )
t ELEEAERT S.

seed

return HARE

o &K 2°32-1 OFABBOEKEERT S.

o ) THRWEIEKNH D, ZDEZE seed ELTREL TS, BLEELERTS.

o default @ seed IZEEDK®D, FERE LRTIUL, ERINDEBDORINIEBHBIC—ETH 5.

o MAR-FERELIZL S Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html) 7
NIV XLD, HEHEFICEDEEEZHNTNS,

o FEMIX 2°19937-1 LIEHITRW.

e mt_save IZK D state 27 7 JVIT save TESH. IN% mt_load THAHAADI EITKD, £S5 Asir
Lyl alBT—DDEBDORINEWNS ZENTES.

2 % 6.1.8 i [Lrandom|, 31 X—, %5 6.1.9 i [mt_save mt_load], 31 X—3.

6.1.8 lrandom

lradom(bit)

n BERIBEAERT S.
bit
return HARE

o =& bit DIFABE OB EERTS.
e random ZERKEIFUNHL THEEL, EED bit BIZIXAZ LT3,

2l % 6.1.7 i [random], 31 X—, %% 6.1.9 i [mt_save mt_load], 31 X—3.

6.1.9 mt_save, mt_load

mt_save (fname)
m ALBERSBOHEDREZ 7 v INITE—T T 5.
mt_load(fname)

D 77 AN E—T ENEEBEREOREEO— T 5.
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return 0 F&iZ1
fname XFF

o HHWREEL—TL, TOREZO—RTSHIET, —DORLEERFIZ, FIHO Asir v a > Th
ThESZENTES.

[340] random();

3510405877

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

1

[342] random();

4290933890

[343] quit;

% asir

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

1

[341] random();

4290933890

e i % 6.1.7 i [random|, 31 X—2’, % 6.1.8 fi [lrandom|, 31 XR—2.

6.1.10 nm, dn

nm(rat) it rat DT
dn(rat) it rat DRk

return B FIZLER
rat EHEEFIIEER

o BEALNIEAEBIEAEROSTRUSRZERT.

o HEEOHG, HRHIEITIET, FFE30T2%D.

o AEXDOBE, BICHR, 2 FZ2IMOETETTHS. AERTHL TR, KHZEHNICII TbHRN.
red() ZHIRHIIFUHTHENDS.

[2] [nm(-43/8),dn(-43/8)]1;

[-43,8]
[3] dn((x*z)/(x*y));
y*x
[3] dn(red((x*z)/(x*y)));
y
2 % 6.3.20 i [red], 49 XR—P

6.1.11 conj, real, imag
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real (comp)

2 comp DEEEI.
imag(comp)

:: comp DEEE.
conj(comp)

:: comp DIBEFE.

return comp

BERK

o HREITHL, EI, B, HE2RD 5.
o INBE, ZHAIHLTHB<.

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

(2+11%0@1i)

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

6.1.12 eval, deval

eval(obj[,prec])
deval (obj)
it obj DfE D7,

return BdHD0NITH
obj — kDR
prec B

e 0obj TEENDHBDEZ WREZR D T 5.

o deval [IFEEREH/NNIEEREL Teval OBE, FEEIIZTOEERS.

e eval IZBWVTIZ, FHEIX PARI (5 6.1.13 i [pari], 34 XR—I ) 275, deval KBWTIT, &
B CEFIAM TV OBEKBERANTITD.

o deval FEFRIIHA 2.

e eval IZBWTII, prec ZIELEHE, 51HEIX, 10 # prec HifEE TiTbiLb. prec DIFENR NG
a, BEREINTVLIRETITbNS. (5 6.1.14 fi [setprec|, 35 X—I &)

WA BB, ROMD .
sin, cos, tan,
asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a"b)
o UTOREZEELTIHMETES. /L 01 2HZ25Did eval, deval DA TH 5.
Qi i BCERAL
@pi MR
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Qe H A DK

[118] eval(exp(@pix*@i));
-1.0000000000000000000000000000
[119] eval(27(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)"2);
1
2 % 6.12.1 /i [ctrl], 72 X—, % 6.1.14 fi [setprec], 35 X—, % 6.1.13 fi [pari], 34
R—2.
6.1.13 pari

pari(func, arg, prec)
:: PARI 0% func Z2FU0HT.

return func BITE 5.

func PARI OE%4
arg func DFI%
prec B

e PARI OEEZIFEUHT.

e PARI [Batut et al.] ¥ Bordeaux K% THHFEINTU—Y T b7 ELTAMENTWS. PARI
AU REEEZEZ R LTINS, £y —57 v MIBEGRICEE L /23 (bignum, bigfloat) D
BT, MEEEICE 57 bigfloat 12k % X £ & /2 BMIE 2 #EIciF> 2 &4 T2 5. PARI 13t
OTOT T LMEYTN—F >4 TV ELTHWSZENTE, £z, ‘gp’ WS PARI 5175
DA Tz—ARKD UNIX 7 FUr—2a > ELTHIATRSZEBTES. BEON—T 3 2id
2.0.17beta TV DN D ftp site (=& XX ftp://megrez. ceremab.u-bordeaux.fr/pub/pari)
/N5 anonymous ftp TE 5.

o REDFIE prec THEWREZIEE TES. prec 2EM L5 setprec() THRELLEEERS.

o BRFHTHEITTES PARI OEEIXRDED THS. Wb 1 51T Asir BETEHHO5H %
EOEBTHS. I2BELXDEREICOVTIX PARI oY= a7 ) Z2BRO Z &.

abs, adj, arg, bigomega, binary, ceil, centerlift, cf, classno, classno2, conj, content,
denom, det, det2, detr, dilog, disc, discf, divisors, eigen, eintgl, erfc, eta, floor,
frac, galois, galoisconj, gamh, gamma, hclassno, hermite, hess, imag, image, image2,
indexrank, indsort, initalg, isfund, isprime, ispsp, isqrt, issqfree, issquare,
jacobi, jell, ker, keri, kerint, kerintgl, kerint2, kerr, length, lexsort, 1lift,
lindep, 111, 111gi, 111gen, 111gram, 111gramgl, 111lgramgen, 111gramint, 111gramkerim,
lllgramkerimgen, 111int, 111lkerim, 111kerimgen, 111rat, lIngamma, logagm, mat, matinvr,
matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2, numdiv, numer,
omega, order, ordred, phi, pngn, polred, polred2, primroot, psi, quadgen, quadpoly,
real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal, roots, rootslong,
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round, sigma, signat, simplify, smalldiscf, smallfact, smallpolred, smallpolred2,
smith, smith2, sort, sqr, sqred, sqrt, supplement, trace, trans, trunc, type, unit, vec,
wf, w2, zeta

o Asir THWTWSDIX PARI DFAD—IBOMRETH 0%, 5B KDL OHEEIFIHTESLOLE
TEHTFTETHS.

/* FIFIOEBERY MVERDS . */

[0] pari(eigen,newmat(2,2,[[1,1],[1,21]1));

[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]

/* 1 BEREEROBRERDS. */

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

[ -1.41421356237309504876 1.41421356237309504876 ]

2l % 6.1.14 i [setprec], 35 R—.

6.1.14 setprec

setprec([n])
:: bigfloat O#if%E n HICHRET 5.

return B
n B

o BIEMNDH 254, biglloat DHiEE n HICRET 2. 5IROHZRLITHANDST, LENCREZIN TN
fEZIRT.

o bigfloat ®FEIZ PARI (55 6.1.13 i [pari], 34 X\—IBH) ic&->THbI .

e bigfloat TOFEIIKLAEZTH 5. bigloat ® flag Z on 12T 5 FHikl, ctrl 22E.

o RETEDMBUC LRIFRNAS, FEE LAMEICHESND EIERS RN, KREDDEERET 2 DNE
ETH5.

[1] setprec();

9
[2] setprec(100);
9
[3] setprec(100);
96
2l % 6.12.1 fi [ctrl], 72 X—2, (undefined) [eval deval], (undefined) XR—2’, % 6.1.13

fii [pari], 34 R—3.

6.1.15 setmod

setmod ([p])
: HIREZE GF(p) ITHET 5.

return B
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n 2727 R D FRE

o HWkE CGF(p) KBET 5. BEMEHRT.

o HRADTOMERORIL, THEHIEOHRKICET 20 OfF@EfET, BERE S h TR EK
pic& D GF(p) LTORBEAEMAINS.

o MRORSHARAICEL TR % 10 2 [FREICET 53E], 135 —UBH,

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

[1] A+A;

addmi : invalid modulus

return to toplevel

[1] setmod(3);

3
[2] A+A;
(1) *<<1>>

S %5 8.8.12 fi [dp_mod dp_rat], 112 X—3, % 3.2 i [FkDO&], 12 R—.

6.1.16 ntoint32, int32ton

ntoint32(n)
int32ton (int32)

w IFARBKEGERL 32bit BEOM DRI

return #HE7 L 32bit BEEIIIEAEEK
n 2732 HKim D IEE EE
int32 e L 32bit B

o JEAEEE (RHIT 1) OFERL 32bit B (FHIT 10) ~NOZEH, L3 TOFLEMETS.
o 32bit BHII OpenXM DEAMREZE TH D, B E L OMTREET 2LENDLHTITHND.

S W7 E [EEHE], 81 R—) 8 3.2 KO, 12 k-,

6.2 bit HE

6.2.1 iand, ior, ixor

iand(il,i2)

2 bit Z&® and
ior(il,i2)

2 bit Z&D or
ixor(il,i2)

:: bit Z&® xor
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return B
i1,i2 B

o Y il, i2 OHHEZ bit N EATHET 5.
o SIBDOFFIIEMAL, FADMEZIRT.

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

Ox1
[1] iand(Oxeeeeceececececececececeee,0x2984723234812312312);
0x4622224802202202
[2] ior (0Oxa0a0a0a0a0a0a0al,0xb0cObObObObOLOD) ;
Oxabacabababababab
[3] ixor(Oxfffffffffff,0x234234234234);
0x2cbdcbdcbdcb

e il % 6.2.2 fii [ishift], 37 XR—.

6.2.2 ishift

ishift (i, count)

:: bit shift
return B
i,count B

o B i OHEHEZ bit & AT shift 5.
o | DHFITEHAL, FADMHEZIKT.
e count MIE/RSITA shift, B2 51Xk shift 2175.

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

0Ox1

[1] ishift(0x1000000,12);

0x1000

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

0x1000000

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

e i % 6.2.1 ffii [iand ior ixor|, 36 X—3.

6.3 ZIE, FEADEE

6.3.1 var

var (rat) : rat OELE.
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return ARETC
rat FERK

o IABICEL T, 55 3.1 i [Asir THATARERE], 10 R— IR,
o F7 4 FOEBIEFIIRDOKL DT> TS,
X,y,2,4,V,%,p,q, r,8,t,ab,c,d e fgh i jk 1,mn o UBRIIEKDENZE.

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

X

[1] var (a*bxcxdxe);

a

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

e i % 6.3.7 fii [ord], 40 XR—2, % 6.3.2 fii [vars], 38 R—.

6.3.2 vars
vars(obj) : obj KEENDZEHRDU R K.

return JX bk
obj EE

o GALNLERITTENSGERDI X M&RT.
o ZRIEFDOEND DN SIEICIERS.

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

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

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

B % 6.3.1 ffi [var], 38 R—3, 45 6.3.3 i [uc], 38 X—, # 6.3.7 ffi [ord], 40 R—3.

6.3.3 uc
uc() u RERBIEDOEODARETLEERT 5.
return vtype 78 1 OFRETT
e uc() ZETTBHEUIZ, _0,_1, _2,... EWISKRETLEERTS.

o uc() THERINERETE, BEEF—R—RENSANTHIENTERN. ZHIZ, 7875 AP TRE
REZEHBERT 258, ANBRECTENDIAETLERA—DODONEREIND L2l TH 5.

o BEHOARET (vtype 2 0) OHENERIZIE rtostr(), strtov() Z2HN5.
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o uc() TERINEZARELOAETLE L TOR (vtype) I 1 THS. (5 3.3 i [RETOR], 13—

[0] A=uc();

_0

[1] B=uc();

1

[2] (ucOQ+uc())~2;
_27242%_3%_2+_3"2
[3] (A+B)"2;
_07242%_1%_0+_1"2

eI % 6.8.3 fii [vtype|, 63 X— % 6.10.1 fi [rtostr|, 64 X—2) % 6.10.2 fi [strtov],
65 <— .
6.3.4 coef

coef (poly,deg [, var])
:: poly @ var (HEERHIEZLK) ICBT 2 deg ROFEK.

return E25E
poly ZIEN
var RETC
deg PS8

e poly @ var IZB9 % deg RO ZEH T 5.
o var X, BWET 2 & EEHK var(poly) EEArINS.
o var MELKTIRWEE, var BEEROGEITHEL THERNES 5.

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

X3+ (3%y+3%2) *x "2+ (3*y " 2+6*z*y+3%2"2) kx+y " 3+3%z*y " 2+3*z" 2xy+2z"3
[1] coef(A,1,y);

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

[2] coef(A,0);

7 3+3*zky " 2+3%z" 2%y+z"3

2 % 6.3.1 /i [var|, 38 X—2, % 6.3.5 fiii [deg mindeg], 39 XR—2.

6.3.5 deg, mindeg

deg(poly,var)

:: poly @, B var \ZBT 2 &m KA.
mindeg(poly, var)

: poly @, ¥ var [TBET 5 RAKKRE.

return H RE
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poly ZIER
var AETC

o 525NEZEROER var ITET2BRERE, BRIEXREE2H 1T 5.
o BE var ZEWT S Z LIXHRR N,

[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 OB OIEE.
return H 2K
rat HHELK

o ZEAZEMLARETO 0 THRWREEBFDHEROER R0 .

o HEROBEAIR, ST EHBOEKOMIES NS,

o EEIBR (5 3.3 i [RETOR], 13 R—IBH) i, AWM TH> THRIEE BRSNS, (1 HD
Rt EmL. )

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

11

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

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

| % 6.8.3 i [vtype], 63 X—.

6.3.7 ord

ord([varlist])
 BREFORRE

return DY X B
varlist DY Xk

o FlEANDHDLE, FIBOER X bZEFITHL, RO OEBNZTORITHK XD XEBETFZRET 5.
SIBOB B LICED 5T, ord() O TRHICHBIT 2 EREFY X &Y.
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o ZOEWHBICIDEBEFOLEEZ1ToTH, BT 07 5 LERR EITRA TN T SO NMERITH
LWEFIZHES TIIERINRW. HE-5T, ZORBICKBEFOEEIL, Asir OEBER, 50V, #H
TR BB BNTRRITONERETH 5. BRDIEBIEFOS ETHEBREINLZKE D LOHEELSTH
Ni=HE, PHIEOQREENETLIEBHVES.

[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,
_q,_r,_s,_t,_a:_b,_C,_d,_e,_f,_g:_h,_i,_j :—k:—l:—m:—n:—o:exp(—x) 2 (_X)”(_Y) ’
log(_x),(_x)"(_y-1),cos(_x),sin(_x),tan(_x),(-_x"2+1)"(-1/2) ,cosh(_x) ,sinh(_x),
tanh(_x), (_x"2+1)"(-1/2),(_x"2-1)"(-1/2)]

[1] ord([dx,dy,dz,a,b,c]);

[dX,dY,dZ,a,b,C,X,Y,Z,U,V,W,P,q,rss,t ’dse sfsgshsi’j ’kylsm’n’os—xs—}’s—zs—u’—Vs
_W,_P,_q,_r,_S,_t,_a,_b,_C,_d,_e,_f,_g,_h,_i,_j ,_k,_l,_m,_n,_O,eXP(_X) 3
(_x)"(_y) ,log(_x),(_x)"(_y-1),cos(_x),sin(_x) ,tan(_x), (-_x"2+1)"(-1/2),
cosh(_x),sinh(_x),tanh(_x),(_x"2+1)"(-1/2),(_x~2-1)"(-1/2)]

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

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

:: polyl % poly2 TEIZBRENREE TEITTEL2HAITHERDS.
srem(polyl,poly2[,v])
sremm(polyl, poly2,mod[,v])

it polyl % poly2 TEIZRENBRBETETTEIHRGITRHRERD .
sqr (polyl,poly2[,v])
sqrm(polyl, poly2,mod[,v])

:t polyl % poly2 THRIZBRENRBRE TEITTEZLHEITHE, FRERDS.

return sdiv(), sdivm(), srem(), sremm() : ZIEK, sqr(), sqrm() : [, FElR] 223U
polyl poly2

ZIER
v AETT
mod E3g

e polyl % poly2 OEEE var(poly2) ( 51% v BdH2HEITIE v) BT 5LERERT, poly2 T,
HORZTD.
o sdivm(), srenm(), sqrm() 1¥ GF(mod) L TEHET 5.

o ZIEADKREX, ERBMESLOEHEICKVEONLEE, EEROBEUREDIEE poly2 ITHIT T,
polyl 58I< VS EIEE polyl DRSS poly2 DXKE VNS EBETRVEL TS, 0
fENS, 2TEROWEANTITHN B 20IIE, £AF Y FIKBVTERKE S LORES, 2HAE L TOH
BRTHBUENDD. 2N, RESREETETTES] ZLOBKTHS.

o MM EELT, poly2 OERED, FEETH 255, D5V, poly2 7% polyl DRFTHSZ
EBDNO TWBHERENDS.

o sar() ML EIRZFRITKRO ZWRFITHWS.
o BEIRBEOME, FRIX idiv, irem ZHWN5.
o REICHITZRERFERII % ZHNS.
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[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+ (2*z-1) *xy+z~2-a

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

X" 3+ (~y-2) *x" 2+ (~y " 2-2%z*ky-z"2) *x+y " 3+3%z*y " 2+3%z"2%y+z"3
[3] Y=(x+y+z) "2*(x-y-2);

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

X"2-y T 2-2%z*y-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

2 9 6.1.1 #i [idiv irem], 28 XR—°, % 6.3.10 &i [%], 42 XR—.
6.3.9 tdiv

tdiv(polyl,poly2)
it polyl 7% poly2 TEIDYIN DN E D NIANRS.

return U525, Fognigiul o

polyl poly?2
2IH

e poly2 7% polyl Z22ERE L TEDYZNEINRAXRDS.
o HHLZEAMNBHNEFTHSZZ LiTbhoTWEY, ZOEEENDN SRNIEFIT, tdiv() 20K
UIERZ LI K D EEENDNS.

[11] Y=(x+y+z) "5*(x-y-2)"3;

X"8+(2%y+2%2) ¥x " T+ (-2%y " 2-4*z*y-2%z"2) ¥x "6+ (-6*y " 3-18%z*y~2-18%z"2*xy-6%z"3) *x"5
+(Bxy " 5+30%z*y~4+60%z" 2%y ~3+60%z" 3*y " 2+30%z"4*y+6*z"5) *x "3+ (2*y " 6+12%z*y~5
+30%z" 2%y~ 4+40%z" 3%y~ 3+30%z 4%y~ 2+12%z " 5*xy+2%z"6) *x "2+ (-2%y " 7-14*z*xy "6

—42%z" 2%y " 5-T0%z" 3%y "4-T0%z 4%y~ 3-42%z 5%y 2-14*%z"6*y—2%2"7) *x—-y " 8-8*z*y"7
-28%z" 2%y~ 6-56%z" 3%y "5-T0*z"4*y~4-56%z"b*y~3-28%z"6*y " 2-8*z"T*y-z"8

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

[13] 1;

5

2 %% 6.3.8 i [sdiv sdivm srem sremm sqr sqrm|, 41 X—3.

6.3.10 %

poly % m : BEICKSFER
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return B FIIZER
poly BRE 3B AR LEK
m B

o poly D&EFEEZEZ m TEHOLRFRTEESMA LLHAZKT.

o MROBEIZETEDEKERS.

o poly REKTHL. ZOBRE, MENEICERLENS 2 E 2B irem() ERBEICHNS Z &
T&3.

o poly DIRE, m &BEMTHBBRENB DM, F v 7 1HFRbhiz.

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

[21 (-5) % 4;
3
[3] irem(-5,4);
-1
2| % 6.1.1 i [idiv irem|, 28 X—.

6.3.11 subst, psubst

subst (rat[, varn,ratn] *)
psubst (rat[, var,rat] *)
: rat @ varn IZ ratn Z2f8A (n=1,2,... TEMSAIIERRATS).

return FHERX
ratratn  AHER
varn AETT

o FHADREDAETIZ, ERD D WIEILEHKX, AHALRELZRATLIDITHNS.
e subst(rat,varl,ratl,var2,rat2,...) 13, subst(subst(rat,varl,ratl),var2 rat2,...) LR UEKTS
3

o ANDERIMNSIEICRAZEDIRTZDIT, ANTDIFICK > TRHRRNPEDD I E0H 5.

e subst() i, sin() REDHEBDFIEITH L THRAZITD. psubst() 1%, ZOKIREEZEZ—DD
WAL U=ARETLERZ LT, Z05IBITERAZ THIR. (partial substitution @ D% D)

o Asir T, FERXOKMNIBEFNITRTOREWD, FEXOARAR, BOREREMOERZ5IZED
THAaNH L. FHAZAATLHEII, MEISCHBEOREZZENT, RERLEE, 2 THRE
BSBVNEIITEETSZEBLIIUITHELERS.

o THERATHIHABEKTHS.

[0] subst(x"3-3*y*x~2+3*y~2*x-y~3,y,2);

X" 3-6*%x"2+12*x-8

[1] subst(@@,x,-1);

=27

[2] subst(x"3-3*y*x"2+3*y~2*x-y~3,y,2,x,-1);
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=27

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

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

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

[6] subst(x*sin(x),x,t);
sint (t)*t

[7] psubst(x*sin(x),x,t);
sin(x)*t

6.3.12 diff

diff (rat[, varn]*)
diff (rat, varlist)
: rat & varn 5 Wik varlist DR OLE CIERBMS T 5.

return =
rat BHR (PERKESATHLN)
varn ARETT

varlist AEITTDOU X b

o HALNIHEEEE varn 2 WX varlist O OZEE TIERM> T 5.
o ERIORETLLD, EIZHMI LTV, DFED, diff(rat,x,y) &, diff(diff(rat,x),y) ERILUCTH 5.

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

2%x+4xy

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

4

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

sin(x)

6.3.13 res

res(var,polyl,poly2[,mod])
= var IZB9 % polyl & poly2 O#&EER.

return 2

var RETT

polyl,poly2
2IH

mod E3
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e “DODZIER polyl & poly2 O, B var I[THT 5KEX2RD 5.
o WHKIERTINTU XLITKS.
e 5% mod 7% %K, GF(mod) ETOEZITS.

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

6.3.14 fctr, sqfr

fctr(poly)

it poly ZEEKIRFICHET 5.
sqfr (poly)

t poly ZEENHHRT S.

return JZ bk
poly FHEERERDOLIEX

o HENBEDOLER poly ZERENET 5. fctr() BEENETHE, sqfr O 1ZELH K TR,
o fERIT [BREL),[AF, EEE],...] BBUZ .
o HIRE & 2T AF " EEE O poly L% L.

o FURE 13, (poly /ERER) %, BERET, RO GCD 2 1 &5 &3 BLERICES LI ITERTH
TWwa. (ptozp() BIR)

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

[[1,17, [x-1,17, [x+1,1], [x"4+x"3+x"2+x+1,1], [x"4-x"3+x"2-x+1,1]]
[1] fctr(x~3+y~3+(z/3) "3-x*y*z);

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

a”2+(2xb+2*c+2*d) ¥a+b”~2+(2*c+2*d) ¥b+c"2+2*d*c+d "2

[3] fctr(A);

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

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

XT5+xT4-2%y T 2%x " 3-2%y " 2%xx " 2+y " 4d*x+y~4

[56] sqfr(A);

[[1)1] ) EX+111] ) [_XA2+yA2,2:]]

[6] fctr(A);

(01,11, [x+1,1], [-x-y,2], [x-y,2]]

2 % 6.3.15 i [ufctrhint], 45 RX—.

6.3.15 ufctrhint

ufctrhint (poly, hint)
u O REEHRERAWE 1 BRLEXO R #E

return U2k
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poly FHEEBED 1 £HZER
hint SPS =

o HELEFDOXREAD hint DR TH 5 Z LD > TWBHAIT poly ODEEKRFHfEE fctr() X
DHRELITS. poly B8, d ROWEKRK EITBT5H2LERD /)L (5 9F [RENKICET 5
B, 124 R—IB) TEEHTH 256, FENERTFOREIT d O ERD. Z0XSBGEICH
WHND.

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

t79-15%t"6-87*t"3-1256

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*x"66
-88249977024390%x"63-4856095669551930*%x~60+1999385245240571421*x"~57
-15579689952590251515*x"54+15956967531741971462865*x"51

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

980msec + gc : 250msec

[12] sqfr(N);

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

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

20msec

[13] fctr(N);

[[-1,1], [x"9-405*x"6-63423%x"3-2460375,1],
[x"18-486%x"15+98739%x"12-9316620*x"~9+945468531*x~6-12368049246*x"3
+296607516309,1], [x"18-8667*x"12+19842651*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+307546875,11]

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"156+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+307546875,11]

119.340sec + gc : 1.300sec

2| %5 6.3.14 i [fctr sqfr], 45 R—.

6.3.16 modfctr

modfctr (poly, mod)
w ARELTO 1 Z2HLEKXORE S f#

return Uk
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poly BEGED 1 BHLER
mod HARE

o 2731 KD BARE mod ZFEHRET HFE A LT —ERLIEK poly 2BEKEFITHET 5.
o MR [BURELL[RF, ERE],...] ®ZUZb.
o BfAH & 2T AF ERE O poly &ELW.

o RERMEZROARK LORBMRICIE fetr_£f ZHWVS. (35 10 F [FRMAICET 5HE], 135
R—2, % 10.4.14 i [fetr'ff], 143 XR—T ).

[0] modfctr(x~10+x"2+1,2147483647);
[[1,1],[x+1513477736,1], [x+2055628767,1] , [x+91854880,1],
[x+634005911,1]7, [x+1513477735,1], [x+634005912,1],
[x"4+1759639395*x"2+2045307031,1]]

2l % 6.3.14 fiii [fctr sqfr|, 45 X—.

6.3.17 ptozp

ptozp(poly)
= poly ZHEEAMEL TEEBELERICTTS.

return ZIER
poly ZIER

e 5Ex25N/2HER poly ISR AEEEZENT T, BERENLDRED GCD 281 /25X 5I1C7 5.

o NEOMARKEL, BROBEEICHEL GEW-, x OLERFEEORNC, ZERAZ2EEBEICL TS
ZEMEELWN,

o HHXZHHT S red) THEBBAHERNZNSLTH, 2 FZERORKIAEKOEETHD, &
BROHTFERD D nm() T, 2EEESZERNL, 2EFREOE OB THAINS =0, BEBICEEK
RELEX2EDEIIHERZN.

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

6*x+5
[1] nm(2*x+5/3);
2*x+5/3
e Ji! %5 6.1.10 i [nm dn], 32 X—.

6.3.18 prim, cont

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

it poly @& (content).
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return poly
AHEERBEEK
v RETT

o poly DELK (3% v 535 3HEIIE v) CHET 3 EIRIHSY, ARERD 3.

[0] E=(y-z)*(x+y)*(x-2)*(2*x-y) ;

(2xy-2%z) *x "3+ (y"2-3%z*y+2%z"2) *x" 2+ (~y " 3+z"2%y) *x+z*y " 3-2z" 2%y "2
[1] prim(E);

2%x 73+ (y-2%2z) ¥x" 2+ (-y " 2-z*y) ¥x+z*y "2

[2] cont(E);

y-z

[3] prim(E,z);

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

2 % 6.3.1 ffii [var], 38 X—2 5 6.3.7 ffii [ord], 40 X—3.

6.3.19 gcd, gcdz

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

return ZIH

polyl,poly2
E25E

mod FE

o “ODXEADERANKRK (GCD) 2k 5.

o gcd() WHEENK LOZLEAXLLTO GCD 2R, §/4bb, HRIFBEBHRHRKT, »DHEHKD GCD
M 1ITRDEOBLZER, £/213, EWICEDOFEIX 1 2KR7.

e gcdz() X polyl, poly2 &HITEEBREKOHEIC, BER EOZLERE L TO GCD &Y. §4abb,
ged () DfEIC, REEEDOER GCD DEEZ#HITLZbDEIKT.

o 5% mod 3% %k, gcd() 1& GF(mod) L T® GCD %K.

o gcd(), gcdz() Extended Zassenhaus 7))V TU XLk S, HREED GCD & PRS 7)LdU XA
XD TWBED, KEREE, GCD 2 1 OBER EITBNTHRINEN,

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

[1] gcdz(12%(x"2+2%x+1)72,18%(x"2+(y+1) *x+y) "3) ;
6*x"3+18*x"2+18*x+6

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

xX"2-y~2

[3] gcd((x+y)*(x-y)~2, (x+y) "2*(x-y),2);
X734k "2+y " 2%x+y "3

g % 6.1.3 fii [iged igedentl], 29 R—.
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6.3.20 red
red(rat) :: rat 2 L7=d0.

return HER
rat FopLiEaY

o Asir IFHEEONSZEICHEMNIZITS. LML, FERICOVWTIREMNIT O, 31— -4
ELRBRWEDIThRW., 20727537 Kl red THS.

e EZGCD 12k rat OHF, HEKST 5.

o HAHXNZEHRONRFOLERIT, £%ED GCD 28 1 OBBEBEZELTHS. 2 TFIDONTIEE
BURBZER E D SRS .

o GCD IIREEWHERDT, MOAETRITZIHLBERFIIFEREORS ONEELW. £z, &, o
FRRELBOTHNEDO ZOEEOIERH UKL, EHICKEI#HMNDHBENEZN. FHEREEZITOHS
13, HHEEHBRIC, WDETONENRDS.

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

(x~3-1)/(x-1)

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

x"2+x+1

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

[3] red((3*xxy)/(12*x~2+21%y~3*x));
(y)/ (4xx+7%y~3)

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

(9/8%x+5/4) / (3%y+2)
2 % 6.1.10 i [nm dn], 32 X—, % 6.3.19 #i [gcd gedz|, 48 X—2) % 6.3.17 i [ptozp),
47 R—2.

6.4 —ZEHZAIDER

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

umul (p1,p2)
umul_£ff(pl,p2)

n —ABEEAOEERR
usquare(pl)

usquare_ff(pl)
n —EHZ2EAOEHR 2 ®H
utmul (p1,p2,d)
utmul_ff(pl,p2,d)
n —ARLEXOEERER (F159 0 KEEE)

return — R LIER
pl p2 — A2 ER



46

B tHAA DR

d A

o —EHLEROFERZ, KEIIELUTRESTYINIY X LZHANWTEREICITD.

e umul(), usquare(), utmul () 3R Z2EE LR L T, BEREOZERE L THEEZRD 5. BEN
FRR& GF(p) OB, HRE0X 0 2LE p RGOBKERLZINS.

e umul_ff(), usquare_ff(), utmul_ff() I, BEZ2ERAEOTERABZL T, HEAELOZLERELT
MERDD. 72120, BIROBRENBE OGS, BERBOLEAXZEIHEOH LD T, IN5 ZFUH
LIRS RNERERETH D L2 RAET 50 H N U simp_f£f() THREZHFRAEDITCICE
L THBE&XN,

e umul_ff(), usquare_ff (), utmul_£f£f() i, GF(2"n) REDOLEX 2 5EICHIR .

e umul (), umul_ff() D#FRIT pl, p2 DFE, usquare(), usquare_ff() DHERIZ pl ® 2 F,
utmul (), utmul_f£f() DO#ERIZ pl, p2 OFED, d RELFOEHH &35,

e WTNDH, set_upkara() (utmul, utmul_f£ff IZDWNTIL set_uptkara()) TERINBHELLT DLREK
IR L TIREBEOEEBXDOFE, set_upfft() TRINDMELTOXREIZH L Tid Karatsuba %,
T LT FFT BLXUHEEREESAVSNS. ThbL, BEICHT 2 FFT Tidiz<, +4%
<O 1 7T7—RUANDE mi ZHEL, pl, p2 OF¥E%Z mi TH-OZRD ELEBODHEZ, FFT TEt
Bl, BRICHERREETERT 2. €O, HRIEROBEBICEN T, BRBICEREERIETER
BORIHRZEFET 505, ZZTid Shoup I&b MU v [Shoupl #HWTHEHEILL TH 5.

[176] load("fff")$
[177] cputime(1)$
Osec(1.407e-05sec)
[178] setmod_ff(2°160-47);
1461501637330902918203684832716283019655932542929
Osec(0.00028sec)
[179] A=randpoly_££f(100,x)$
Osec(0.001422sec)
[180] B=randpoly_££f(100,x)$
0sec(0.00107sec)
[181] for(I=0;I<100;I++)A*B;
7.77sec + gc : 8.38sec(16.15sec)
[182] for(I=0;I<100;I++)umul(A,B);
2.24sec + gc : 1.52sec(3.767sec)
[183] for(I=0;I<100;I++)umul_ff(A,B);
1.42sec + gc : 0.24sec(1.653sec)
[184] for(I=0;I<100;I++)usquare_£ff(A);
1.08sec + gc : 0.21sec(1.297sec)
[185] for(I=0;I<100;I++)utmul_£ff(A,B,100);
1.2sec + gc : 0.17sec(1.366sec)
[186] deg(utmul_ff(A,B,100),x);
100

2 % 6.4.3 fii [set_upkara set_uptkara set_upfft], 51 X—, % 6.4.2 i [kmul ksquare

ktmul], 50 X—2.
6.4.2 kmul, ksquare, ktmul
kmul (p1,p2)

n —ABSZEROEHER
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ksquare (pl)
n —EHEZ2EAOEHR 2 ®H
ktmul (pl,p2,d)
w —ARLEAOEERER (FT59 0 KEBHEE)

return — B LIELK
pl p2 —ERLIEA
d JEE B

o —Z¥L£IEAXDFEHEZ Karatsuba iETHS.
o FAMITIE umul EFEERZD, RENKELAZ->TH FFT 2HWizgd{bidfrhiat.
e GF(2"n) REOLERICTHHNS ZENTES.

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

1

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

[35] A=randpoly_ff(100,x)$

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

[37] umul(A,B)$

umul : invalid argument

return to toplevel

[37] kmul(A,B)$

6.4.3 set_upkara, set_uptkara, set_upfft

set_upkara ( [threshold])
set_uptkara([threshold])
set_upfft ([threshold])

1 BESEAOEBEEICBITS N2, Karatsuba, FFT 7)L3U XA QY& 2 O F{E

return BEINTVSE
threshold 3FEEEEK

o WIND, ~ERZLEADHOEEICB TS, YIVITVU XLYEADMEERET 2.

o —EHZLEROMET, KE N AVNSWHIFATIZ@EE O N°2 7)LTU X4, FEEOHS Karatsuba 7
WU XL, REWEARIZ FFT 7V ITU XL TEHEINS. ZOYEBZORKREZRET 5.

o I, TNETNOMBERDOEZSRDOZ L.

2 % 6.4.2 fi [kmul ksquare ktmul], 50 X—, % 6.4.1 ffi [umul umul_ff usquare

usquare_ff utmul utmul_ff], 49 XR—.

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

i ZIERITH Y B HAE

return — B ZERD D WE—EHELEROYU X b
P — R LIER
d JEEEE

o p DEKE x £T5. ZOELE p = pl+x~(d+1)p2 (pl OXR¥Z d BAF) £ TES. utrunc()
13 pl Z&L, udecomp() & [pl,p2] #iKT.
o p DR¥% e &L, i ROBEE pfi] &1L, ureverse() 13 ple/+ple-1]x+... ZiRT.

[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

S % 6.4.6 i [udiv urem urembymul urembymul_precomp ugcd|, 53 RX—.

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)

n ZEAZERBEAT, BIaEtE

return — R LIER
p —EHLEA
d JEE

e uinv_as_power_series(p,d) II, @EIEA 0 TRWLHER p XL, pr-1 OREREH d+1 DIk
KB & 57% Ex d ROZLEX r 2R 5.

e ureverse_inv_as_power_series(p,d) i3 p OX¥%E e £ 5 & E, pl=ureverse(p,e) ITHL
T uinv_as_power_series(pl,d) Z3tH 3 5.

e rembymul_precomp() D5I¥ &L THWSHH, ureverse_inv_as_power_series() DO#ER%EE
DEFHNWDZENTES.

[123] A=(x+1)"5;
x"5+5*%x"4+10%x"3+10%x " 2+5*x+1

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

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

x~10+x"9

[128] R=ureverse_inv_as_power_series(A,5);
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-X"5+x74-x"3+x"2-x+1
[129] ureverse(A)*R;
-x"6+1

2 % 6.4.4 fi [utrunc udecomp ureverse|, 51 X—, % 6.4.6 ffi [udiv urem urembymul
urembymul_precomp ugcd|, 53 RX—3.

6.4.6 udiv, urem, urembymul, urembymul_precomp, ugcd

udiv(pl,p2)
urem(pl,p2)
urembymul (p1,p2)
urembymul _precomp(pl, p2,inv)
ugcd(pl,p2)
u —EHZEAORE, GCD

return — R LIER
pl,p2inv —Z%k%ER

o —ZE¥ZIERX pl, p2 IZX L, udiv 137, urem, urembymul 13EI&, uged 1Z GCD #iKT. T 51,
Bl —EBEZERIKNT 2EELER>ZHDTHS. urembymul X, p2 KKDERFHEZ, p2 OF
BEEL TOFTEEB LY, FE 2 FICEZMAZHOT, RENKEVWGETEITHS.

e urembymul_precomp &, BEEINEZLERICLDFRFELEETOHERECHR2RETS. F
3 I, HSMU® ureverse_inv_as_power_series() ICKDEHEL THL.

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

[179] B=randpoly_£ff(101,x)$

[180] cputime(1)$

Osec(1.597e-05sec)

[181] srem(A,B)$

0.15sec + gc : 0.15sec(0.3035sec)

[182] urem(A,B)$

0.11sec + gc : 0.12sec(0.2347sec)

[183] urembymul (A,B)$

0.08sec + gc : 0.09sec(0.1651sec)

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

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

2 % 6.4.5 i [uinv_as_power_series ureverse_inv_as_power_series|, 52 RX—3.

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

car (list) :: ZBT/RW list DFEEHER.
cdr(list) : 22T/ list MHEEEZZBROBRWSEZY X b,
cons (obj, list)

 list MSEEEIC obj ZHTMMAZU X b.

append (list1, list2)

w listl & list2 Z2ZDJEIC 1 DITLZU A B.

reverse (list)

2 list ZWEIC L= A B

length(list)

: list DEX.

return car() : {£&, cdr(), cons(), append(), reverse() : U X I, length() : HRA%K
list,list1,list2

obj

U2k
L%

U Z M3 [objl,0bj2,...] £&&N 5. objl NEHEERTH .
car () 13, 22T list DEEERZHHTS. 22U 2 MBAS I NAEBEI, 22U 2 M a5,

cdr() 1%, ZETRW list NSEEERZMOBRN U X M2ENTS. 22U X MRATESNHEE, 2
X bR ENS.

cons () 1, list DFEFEIC obj ZFHFMALZY X FEHIT 5.

append () 13, list] OEHRE list2 DTN TOEREFBEEGI VLU AL [list] OEHRDUN, list2 DE
RO 2HHT 5.

reverse() I3, list ZHEIC LU X NEHTTT 5.
length() I, list DEIZ2HTSH. XT MIVRKTHIOERZOEEIL, size() ZHWNS.
VA NIFHEAHLUEHAT, BEROANEZILTERN.

UZRO n HHOEZROBMOH UL, cdr() %2 n FEA L% car() 28HATAZEICKDARETH
L8, EiEE LT, X M, 15/ EQBFI LR, 1> T v X [n] Z2BAIMHT2ZEIKVED
HTZENTES. EEL, AT LNETIE, EBICRA > % nHZEDHDT, BADOERIFERD
H UKD N 5.

cdr () EH LWL & ER LA, append () 13, EBICIZE 1 B0V X FOEI O cons() @
BORL 725720, B 1 5O U X MBREVRRIKIZZDATY 2HETHI LTS, reverse()
WAL THHEKETHS.

(o] . = [[1,2,3],4,[5,6]];
[f1,2,31,4,[5,6]1]

[1] car(L);

[1,2,3]

[2] cdr(L);

[4,[5,6]]

[3] cons(x*y,L);
[y*x,[1,2,3],4,[5,6]]
[4] append([a,b,c],[d]);
[a,b,C,d]

[6] reverse([a,b,c,d]);
[d’c’b’a‘]



5 6 B fHAABBREL

[6] length(L);
3

[7]1 L[2]1[0];

5

6.6 A%

6.6.

1 newvect

newvect (len[, list])

2 EE len DX MIVEERT .

return ~N7 8V
len B
list JX bk

2

K& len DR MVEERT 5. 8 2 5IRABWES, FHMT 0 TIN5, 5 2 51815545
B, AT VI ADINEVRGNS, URAMDRERICKOIHLENS. SERIT, LELSIEICHED
N, BOIBWHT 0 515,

R R IVOBNE, 5B 0 A SE len-l RAFERD. (55 1 A5 TRABWEICHER. )

UZ MEIERRID, RA 2 2WBEIZL ST —r > v VIETHENSDITH L, X7 MVEERL
DB —RANS5DAEY LD displacement (BfL) ICX>TI ¥ LT VA THRUTHEN, 20Ok
B, RODT v AR ERENETL 2. 7 7R, YA ST, ROGOEISEA SIS T
BERIATA D & 5 IR BA, N5 MLTIR, RO RICKEETIEE —ECH 5.

Asir T, MEXZ ML, BRI MIVORFNZRW. 17512 En S BT UTHEAN Y ML EszIns L, A
MNERTIUIHENRY ML EBIRIN 5.

R MVOEEIE size() IT&E>TELBNS.

HEODBIEBEL TR MLEELRERS, BINLEEX, £OXT MVORFEESWA DT EMNT
5.

[0] A=newvect(5);
LoO0OO0OO0OO]

[1] A=newvect(5,[1,2,3,4,[5,6]11);
[1234[5,6]]1]

[2] A[0];

1

[3] A[4];

[5,6]

[4] size(A);

[5]

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

[71 A;

[ x234 [5,6] 1]

% 6.6.4 i [newmat]|, 57 X—, % 6.6.5 fi [size], 57 RX—, % 6.6.2 fi [vtol], 56 R—
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6.6.2 vtol

vtol (vect)
2 X7 MVEURXNIE#RTS.

return JZ b
vect X7 RV
o EX n dOXRZ M vect % [vect[0],...,vect[n-11]1 725U X MTEHT 5.

e UZXINSENXRY MIIANDEHIZ newvect () TITI.

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

[123]
[4] vtol(A);
[1,2,3]
2 % 6.6.1 fii [newvect], 55 R—2.

6.6.3 newbytearray

newbytearray (len, [listorstring])
= £ X len ® byte array 24T 5.

return byte array
len H 2R
listorstring

U A b ERZETFF

e newvect &E[FFRICL T byte array Z45kd 5. similar to that of newvect.
o XTHITHIHEZIEET DI LEHARETDHS.
e byte array OERDO T 7 AIHFIEFEKTH 5.

[182] A=newbytearray(3);

[00 00 00|

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

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

[185] A[0];

97

[186] A[1]1=123;

123

[187] A;

[61 7b 63|

2l % 6.6.1 fii [newvect], 55 R—.
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6.6.4 newmat

newmat (row,col [,[[a,b,...[[c,d,...[,...]]1)
: row 1T col FIOFTFIEHERT 5.

return 751
row,col B2
a,b,c,d (=%

o row 1T col FIDFTHIZERT . 5 3 BIBMSBWES, M3 0 ICHbans. 5 3 5180 H 55
B, AT YT ADNSVERS NS, FT0, UAROFER (ZNRXELZVZANTHD) ITX0FHILE
N5, FERI, EHEMNSIEICEDN, R0RWHMT 0 2D ENS.

o FHIDY A X1T size() THHNS.

o MMWTHIDEE, M[I] ICLKDE I 72T MVELTHROHTIENTES. ZOXZ MUI, ED
IFERD AL TBD, WINhORS 2EEMANL, MOKIET HRBEEMDDZ LITR5.

o HEDGEELTITHZELHE, EINEEIZ, ZOTFIORT 2EEMA DI ENTES.
0 = newmat(3,3,[[1,1,1],[x,y],[x"2]11);
1]
01
[ x*2 001
[1] det(4);
-y*x”~2
[2] size(A);
[3,3]
[3] A[1];
[xyo0]
(4] A[1]1[3];
getarray : Out of range
return to toplevel

]
1
x

N
< = b

e il % 6.6.1 i [newvect], 55 X—2) 5 6.6.5 ffii [size], 57 X—, 5 6.6.6 i [det], 58 XR—
6.6.5 size

size (vect| mat)
= [vect DEE] £7213 [mat OFTE, mat OFIE].

return U2k
vect N7 8V
mat el

o vect Xi%, mat DY A XZ&2Y X NTHITTS.
o list DY X% length() %2, FERICEHN S BHIEX DT nmono () ZHWN5S.

[0] A = newvect(4);
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L00O0O0]

[1] size(A);

[4]

[2] B = newmat(2,3,[[1,2,3],[4,5,6]]1);
[1 23]

[456]

[3] size(B);

[2,3]

ZH % 6.5.1 i [car cdr cons append reverse length|, 54 X—2°, %5 6.3.6 i [nmono], 40
=3

6.6.6 det

det (mat[, mod])
:: mat DFFIRERD 5.

return =
mat el
mod E3y

o 7% mat OFFIRERDS.
o 8% mod 3% 3, GF(mod) - TORFIRERD .

o NEILDHIABREI LD T D7, BEKLENZKD & T 21751II% U TE/AMTHAIRRERIC X
LIEDEIVHNBRNEINGEEEHD.

[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;

[1xx"2x"3 x74 ]
[1yy2y3y4]
[1z2z"22z"3z"4]
[1uu2u3ui4]
[1vv2v3vi4]

[95] fctr(det(A));
[[1,11,[u-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]1]

2 % 6.6.4 fi [newmat], 57 X—3.

6.6.7 gsort

gsort (array [, func])
i —Ryehdly array &Y —H9 5.
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return array (AF1EFL; BROHANEDD)
array —RIchcs
func P FHBE R

o —RITEFIZ quick sort TV — K9 5.

o HBHARBEIBEINTVWARNES, 7227 FED LOUBKERTIEFNT O D ON S EICHM X
5N5.

e 0,1,-1 289 2 BIEEEEKAD func & L THASNZEE, func(A,B)=1 DFEIT A<B & LT, JEFN
TOHONSJEICHEEEZ 51 5.

o FFIIHHZITERINT, 5IBRDEFIOEZDHAANEDS.

[0] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-11));
[-1012346679]]

[1] def rev(A,B) { return A>B7-1:(A<B71:0); }

[2] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-1]1),rev);
[9 76643210 -1]

2 % 6.3.7 fii [ord], 40 X—2’, % 6.3.2 i [vars|, 38 R—.

6.7 #E&EA

6.7.1 newstruct

newstruct (name)

BG4 name OREBIKEART 5.

return A
name XFF

o #HiA name ThHHEERZERT 5.

o HEMU®, name IRBHBEERNER I N TVRITHUT RS RN.

o BEADBEANZEET > KXDLARTT VAT S, AUNBEBEEDEE, BIZ > TK5IEE
2T BHIEMNTES.

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

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

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

[3] A;

{0,{0,03}}

[4] A->h = 1;

1

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

2
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[6] A->t—>t = 3;
3

[71 A;

{1,{2,3}}

e i %5 6.7.2 i [arfreg], 60 X—, 5% 4.2.9 fi [BEHEEFRE], 21 -

6.7.2 arfreg

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

i HIERICKRT D EAHBE 2 RET 5.

return 1
name X
add, sub, mul, div, pwr, chsgn, comp

I —YE B

o name R5REEERRICK T2 HAEEZBRERT 5.
o TNTHNOBEKOLERRIZIKRDED THS.
add(A,B) A+B
sub(A,B) A-B
mul(A,B) A*B
div(A,B) A/B
pwr(A,B) A°B
chsgn(A) -A
comp(A,B)
1,0,-1 according to the result of a comparison between A and B.

% cat test
struct a {id,bodyl}$

def add(A,B)

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

}

A->body+B->body;

def sub(A,B)

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

}

A->body-B->body;

def mul(A,B)
{

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

}

A->body*B->body;

def div(A,B)

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

}

A->body/B->body;

def pwr(A,B)
{

C = newstruct(a);

C->id = A->id; C->body = 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)$
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;
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2 % 6.7.1 i [newstruct], 59 R—, 8 4.2.9 fi [BEKEREK], 21 -

6.8 Bz kDLEE

6.8.1 type

type(obj) :: obj @ B (%) 2iKT.

return B
obj TE
e 0bj ® BMOMTKOED .

0 0
1 b4
2 SR (KT
3 FERX (ZEHATARNY)
4 U Z b
5 N7 ™V
6 751
7 X
8 &R
9 ST BERBLEA
10 32bit FFER U
11 Io5—FTPxr K
12 GF(2) Eof751
13 MATHCAP #7227 b
14 — R B =X
-1 VOID 7Y x7 b

o BDAEIZERD BT, ntype ZHWNS. RETLORZRD 5121, vtype ZHN5.

2 % 6.8.2 fiii [ntype], 62 X—3, % 6.8.3 i [vtype], 63 X—.

6.8.2 ntype

ntype (num)
= num () © B (B¥HK) 2K7.

return B
obj B

o BOBEDMEIIRDED.
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HHER

NS R B/

(A% GHE

ERNEEFEI/NL (bigfloat)

BHRE

HRRAEDIT

REFEBFHEIKDTT

7 B 2 OFREOTT

newalg(x~2+1) THRLKE, BEEHAL 01 1%, BR5HD L THONS.
REFBICBL T, 58 9 F [REMBOCET 25E], 124 R—IY 2R,

D O W N~ O

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

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

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

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

2 % 6.8.1 i [type], 62 X—.
6.8.3 vtype
vtype (var)
= ovar (RE7) © B (B¥K) 2ik7.
return B
var RETT
o var (REJL) DRDMEITRDOED . FHMl 5 3.3 i [RETOR], 13 R—I2H
0 —fEAETT (a,b,x,afo,bfo,....etc)
1 uc() THERINEZARET (0, _1, _2, ... etc)
2 B R (sin(x), log(a+l), acosh(l), @pi, Qe, ... etc)
3 BT (MAABEET, T—FEREE T, PFEKT : sin, log, ... etc)

6.9

a(); 2T (BHETIRILI—) LELTTH ntype(a) & 3 &72%. T/4bb a TV EBERKT
LA EIND.
Opi, Ge IIRETE L THONBH, eval(), pari() KBV T E L THRbHI 3.

% 6.8.1 i [type], 62 X—, % 6.8.2 i [ntype], 62 X—) % 6.3.3 i [uc], 38 R—.

BE X9 HRIE
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6.9.1 functor, args, funargs

functor (func)
:t func OEBFZHO HT.
args (func)
:: func OFHEJ A MZEROHT.
funargs (func)
:: cons (functor(func) ,args(func)) #iK7T.

return functor() : AEL, args(), funargs() : YAk
func REBIERZER I RETT

o EEBERICEL T, vtype () 22,

o EHIFR func OEET, 5EYU A MZWD HT.

o W, MV UARBTFREICHEDTOSILERE F LT (#F)(x) Tx 2518 E T H5EEEOH
UEZIEEBEABA NI TES.

[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

2 % 6.8.3 fii [vtype], 63 X—.

6.10 XF5|ICBAT 3 EE

6.10.1 rtostr

rtostr(obj)
:t obj ZXTFINIEAS.

return XFF
obj R

o EEDAT IV b obj EXFINEZS.

o BELEEZNFIICEHMLU TERLEMETHIERED, REMAZORETEZERTZHAITL AN
5h5%.

o I, MFFIEARETTICERT BHRFITIE, strtov ZHWNS.



5 6 B fHAABBREL

[0] A=afo;

afo

[1] type(A);

2

[2] B=rtostr(A);
afo

[3] type(B);

7

[4] B+I11Il;

afol

2 % 6.10.2 /i [strtov], 65 RX—, % 6.8.1 fi [type]|, 62 R—.

6.10.2 strtov

strtov(str)

i ostr (XFF]) ZARETLICEZLS.
return ARETT
str RETLE U TEHAREL SCFF

o RETLE L TEBRARARLTFINIEARETIIEZS.

o RETLE L TEBARABXTHNER, HINLTFTHED, &7, BTFBRURLE _ TELSNDXTFHIT
bH5.

e rtostr() LMAET, 7OV AP THHNIRAETLZER L LWRICHNSENS.

[0] A="afo";

afo

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

[afo1l,2]

[afo2,2]

2 % 6.10.1 i [rtostr], 64 X—2, 55 6.8.1 fii [type], 62 X—, % 6.3.3 fi [uc], 38 R—2

6.10.3 eval_str

eval_str(str)

i ostr (XFF) ZFHEY 5.

return 7o b
str Asir @ parser 235 H R[REIRSFF

o Asir O parser MVZHERJREIR N FH| 2l L TEDOFER 2K T .
o FHMHETTRE/AR X FHNE, XEETHDIIRS.



5 6 B fHAABBREL

o MFEMITIZ rtostr() DWW ERS.

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

3

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

2 % 6.10.1 fi [rtostr], 64 R—2

6.10.4 strtoascii, asciitostr

strtoascii(str)

u NFHEY AF—0—RTET.
asciitostr (list)

w Y AF—0— ROF &L FFNCEMHRT 5.

return strtoascii():U R b; asciitostr ():3F5
str X
list 1 DLk 256 REEOBEMNSRDY X b

e strtoascii() IIXFFIEZEHDU XA NMIEHRT 5. FEBIIXFEHIOT AF—0—RE2EKT.
e asciitostr() IX asciitostr() DWW TH 5.

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

[1] asciitostr(@);

abcxyz

[2] asciitostr([256]);

asciitostr : argument out of range
return to toplevel

6.10.5 str_len, str_chr, sub_str

str_len(str)

D XFHNOEX #IRT.
str_chr(str,start,c)

D XFENRAICEHN A MEZIERT .
sub_str (str, start,end)

B FHNERT .
return str_len(), str_chr ():E%; sub_str () :3F75
str,c X5

start,end  FEEEER

e str_len() WXFFDEXZERT.
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e str_chr() 13 str @ start BHOXFENSZXAF v > L THRAIC ¢ ODRAIDXFENBENALEEZIET. X
FHIORET 0 ZBHET S, fEESINZXFENBENLVWEAITE -1 2K7.
e sub_str() I3, str @ start BEENS end HH L TOED» LFFHIEAERLIRT.

[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,Spi+1," ");

7

[189] D1 = eval_str(sub_str(Line,Spi+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 AN

6.11.1 end, quit

end, quit
w BIERABAHFDOT 7 AIIVEHALS. by TLNIZBNTidyial ek 1rdal e
25%.

e end, quit EHICEFIBOEEKTH S, ‘O’ IRL TR T ZENTES. WINHEEZRAASLFO

Ty AIIVEBCS. 2, by TLRNINIZBNTIREy a2 T7TIR2ZEIIR%.

o Iy MIVDGE, 771V OKIE TR, BEMIZT v IWIBT 5508, by T LXIVOHET O
ST IBHBWEE, ANFBIRSDT, 771 )V OKIHICIE end$ Z2E OEE L.

[6] quit;
h

2 % 6.11.2 i [Load], 67 X—3.

6.11.2 load

load("filename")
:: filename %5 AHAD.

return (110)
filename 7714 (JNA4)

o REOTOTITLDEEHT, B 4E [1—FFE Asir], 15—, T7FA N7 7N E2HERAAD
BE, cpp ZBTOT, C O 10F F ARE #include, #define 25 Z &N TE 5.
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e MELAETZ77ANDBHEELEZRICIEZ 1 2R, BELRN 2RI 0 2387 .

o Ty AIVAN ) TIHEDHERFMNNZ, . THEDBRIAL > T4 L7 BUNSOHM/NAER
BAND. TNUNDOBHE, BBEZLE ASTRLOADPATH KR ESINTWVWET 14 L7 N Z2ENSEICY —
FI5. TNSCHKLT DT 7 A NVBEELIRWES, BESATI5UF 1 L7 MU (HDWIIEREEEK
ASIR_LIBDIR KFESINTWVSF 1 L7 b)) b —F795. Windows LD, ASIR_LIBDIR 2%
BRESNTORBRVERITE, get_rootdir()/1ib Y —F T 5.

o HAADT 71 OBRKIZ, end$ /RN E load() K TRICTO T EATARWA, EBRICIIATT 2%
TS, UL, RELZHSBZNNRHZDTT 71 IV DRIEZIC end$ Z2FENTHB I ENEEL W,
(end; THEXWAY, end ARTIE 0 BERRSNDLD, end$ Z2BEDTS. )

e Windows fib57 1 L7 FUDENL—4&LT /) 2ZHNS.

S % 6.11.1 i [end quit], 67 X—3’, % 6.11.3 ffi [which], 68 <X—3’, % 6.12.14 ffi

[get_rootdir]|, 80 XR—.

6.11.3 which

which("filename")
:: BI¥K filename 12X L, load() HAAD/NA L 2IKT .

return INA %L
filename 77 A )4 (JNA4) £7213 0

o load() M7 7 MIVEY—FFHFIEIHKE> TH—F L, 77 AIVNEET DHEITIINA£L 2 T &
LT, FELBWEEIZZ 0 2T

o H—FDFJEIZDONTII load() ZHH.
e Windows fid5T1 L 27 hUDENL—FELT Y/ 2HNWS.

[0] which("gr");

./gb/gr

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

0

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

B % 6.11.2 ffi [Load], 67 R—3.

6.11.4 output

output (["filename"])
= DO A15e% filename F72 13 HEH IR 5.

return 1
filename 77NV 4%&

o Asir DHAZER-BANS, 77 A INAOHNCYEZD. 28, 771 )VHH ORI, EHEHICEF—
A= RS DAHLSY, HiiEhisn.
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DT 7 A INHITYE X BRI, B output ("filename") 2%#795. X, 771 IIVHHZEKT
URREEH HICR U 72 WIRRIZIE, BIE/R L T output ) #Ef79 5.

BELZ7 71 )V filename BEELZRIZ, TDO7 v A NVOERRBITEEE I N, FELRN D ZRITI,
iz 7 7 M IVEERL, T ZICEEAENS.

Ty ANF—L% """ TN +— b BLTHREZLED, 2—U0, BXADRWT v IV E2EELRE
D95&, T5—CKO by TURIVIZRES.

AHLIZHDHADTT 7 A IICH I LIZWEEITIE, ctrl("echo",1) Z2EfFLAKTT v 1 IVHEH
CUE AT RN,

SRR E, BB IS —HAICEEHINBHOR 7 v ViZiZEEHI RN,

HEIER, REREK (vtype O BR) 22 ERVWEAD 7 7 1 I\ DOFHAH EIL, bload(), bsave() %
fES DA, Wi, BRI & HITRRIIK N,

Windows kb5 ¢ L7 RUDENL—FELT Y/ 2HNS.

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

output () ;

1

[87] quit;

% cat afo

1

[84] [[191] ) [X"'Y,i] N [X‘Y,i]]
[85] afo

0

[86]

% 6.12.1 i [ctrl], 72 X—, % 6.11.5 i [bsave bload], 69 X—.

6.11.5 bsave, bload

bsave (obj, "filename")

:: filename 12 obj 2N\ FUBRTEZAD.

bload("filename")

. filename NS Z2N1T FUBK THRAAD.

return bsave() : 1, bload() : FAAAZEK

obj

BREIE, REREZ S ERNVEROEK

filename 77414

bsave() BNHBERZIFTIZOEENTI FURBRTT 71 INVICEEAD. bload() 1, bsave() TH
EANTEBR T ARV THEBERICERT S, BEOA TV RAT—2 3 CORIRICED, BEER,
REREK (vtype ) BR) 2EFRVWU AN, BFREZEDEEORRZ 7 7 M INVITRETZ I EMNT
5.

output ) RETHRELZHE, HARABRFIIN—FNEH TN, bsave() TRELEZHDZ
bload() THOEGH, BEENIMERIMER TE 549, KA, ZRICHRI I V.

ZHADH G, HEAHRFEFAAAR TERRIEFRRBDHE01H 50, TOHEIIE, HBRITHE
DERIEFIZ BT 2NMBRICEBSINS.

Windows k65« L7 BUDENXL—FELT /) 2HNS.
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[0] A=(x+y+z+u+v+w)‘20$
[1] bsave(A,"afo");

1

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

1

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

X7 2+2%ykx+y "2

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

% asir

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

[1] bload("afo");

Y 2+2%xky+x "2

2l % 6.11.4 ffi [output], 68 X—.

6.11.6 bload27

bload27 (" filename")
: [HETHES 17~ bsave file OFRAA R

return FARAAT-ER
filename 7714

o [HIRTIX, ZREEEEN, 1 7—R 27 bit TEREIN TV, HKTIE 1 7—RK 32 bit iIZBEFEINE.
ZD7=®, [HRT bsave SNENA T U T 7 IVIZDEETRHEAADRNY. TOXIBT 71V %E
FAIADZDIT bload27 ZHWVS.

e Windows [idb5T 1L 27 FUDENL—FELT Y/ 2HNW5S.

2 %5 6.11.5 i [bsave bload], 69 X—.

6.11.7 print

print (obj [,nl])
i obj ZRRT B.

return 0
obj (A=
nl 755 (fLE)

e obj ZFHiL THRT 5.

o B2 BIEARVA, £7213 0, 2 BAADBE, BITT S, 5 2 B 1 OBE, TET, HARNY 77
KERZATN, Ny 771375y a3RR0. 52 515 2 OBE, ZKIFLBRWANY 77375
axnb.

o ZOEKOREVMEIX 0 THBN5, print(); TEFTHE, HAIDOKIZ 0 2RI N 5. print()$ &
T, &EO 0 IZH .
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WD obj #FMFICH A LZWEHE obj 21 2 MCT 5 E k.

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

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

xyz123gahaha

6.11.8 open_file, close_file, get_line, get_byte, put_byte, purge_stdin

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

:: filename &4 —729 5.

close_file(num)

D AT num DTy AN EIO—XT 5.

get_line([num])

2 BT num DT AN S 1 TEHED.

get_byte (num)

BT num OT7 A INVINS 1 N1 .

put_byte (num)

BT num 7 71U 1 N1 FEL.

purge_stdin()

purge_stdin()

2 BEEATTONY 7y 22T T 5.

return open_file() : ¥ (#AT); close_file() : 1; get_line() : XF5l; get_byte(),

put_byte() : ¥

filename 771 )4 (JNA4)
mode X

num

FEER (7 7 1 IVEHITF)

open_file() X7 7 M)V &A—7>9%. mode fEENEWHEFHAH UM, mode FEEND H5HEIT
1%, C OFEEAHSIBIEK fopen() 1T T HE— REE EART. LEATHAZTIAAHOEHE "w",
KEBMOHE "a" I8E. RUILERE, 77 AVl FE LU THRAREEZERT. RROHETLI—L
5. REIZR7Z7 71U close_file() T/ O—X§ 5.

get_line() BHAEA—T L TWB 7 7S 1 1T5d, XFHELUTRY. 5B WEA,
AHINS 1 fFaRds.

get_byte() BEEA—T L TWET7 7ML 5E 1 N1 FRABEELTRY.

put_byte () BHEA—T L TWE T 7ML 1 N1 hEE, ZONA b 2BHELUTRY.

Ty A DKD ETHRAZERIZ get_line () NI NZHE, BEO 0 2KT.

FAH U XTI, BERHIUT sub_str() R EDXFFINEREK TMILZDS eval_str() I
FONEBRICERTES.

purge_stdin() &, BEEANNY 77 2ZRIZT 5. BT get_line() ITK DEEEA TN S CFF
ZZTWA5E, BTNy 7 7y NICEET 52X FEINC K 5REELRP </®icd 5 UDEUHT.

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



5 6 B fHAABBREL

12345

[187] get_line(Id);

67890

[188] get_line(Id);

0

[189] type(@e);

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 testl1() { 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 */

[199]
2| % 6.10.3 fii [eval_str|, 65 X—, % 6.10.5 fi [str_len str_chr sub_str|, 66 X—.
6.12 ZDfth

6.12.1 ctril

ctrl("switch" [,obj1)
n RERE

return JREINTVDIE
switch AL v F4
obj INTRAE

o Asir OETREORELE, Z2HZ21TD.
o switch DAHDFE, TDAA v FOHEDIREZIKT.
o 0bj MEABLNTVNSEE, ZOHERET .
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o Ay FRIXFHELTANTS. §/abb¥ TIVI +— hTHD.
o AV FIXROED. LAFT,on id 1, off 12 0 Z2EHKT 5.

cputime

nez

echo

bigfloat

adj

verbose

hex

on OKFf CPU time BXW GC time &R, off K R/RL /2. cputime() 2.
ctrl("cputime",onoff) & cputime(onoff) LFLCTHS.

EZGCD o7 NWIT U XLDYEEZ. T74IVET 1 THO, ELITYBZZHEIR.
on ORFISEEEANZHEVIRL THAL, off ORFISEEEAN 2 DIR S /2. output I
CREHWDEICESTHS.

on DR, AN S N7i=iF8/N T bigfloat IcA# I N, FE/NKEE X PARI (55 6.1.13 i
[pari], 34 XR—Y M) ICLVfTbN5. T7 4 FOEVHEKIL 9 HTH 5. Bz
B L2 WIRRIZIE setprec() 25, off OKf, A SN/ 8/NEUK, 5K E/IN K
KA INS.

H—=NRy2al s a OEECEE. 1 LEOFBENEETES. S 74V MEIK 3. 1
IGEWRE, =Xy 2Ol s ia i Tilbe—72R&EELBXIITRD. BEEIZIa~<>
R THRETES. {248 (a2 RIA>F T al], 5 R=IBR.

on O, WROBERKRICA Yy t—V2ERTS.

1 DEE, BEIX Ox THES 16 #HRELTERRINS. -1 OEE, 16 EEII, FiC ‘I’
ZIXEIAT I EIIRY > TERRINS.

fortran_output

ox_batch

ox_check

1 o&&, ZHADERD FORTRAN X 1)ViZiz%. IROBREMN T ORDDIT *x’
TRINS. (F7+)VMERO0.)

1 DEE, RENY 77 0030 OB HERIC flush. 0 D& &, F—%, a%
> REE®IC flush. (F7 4V MEZ 0.) 5 78 [H#EHEHE], 81 R—YBHK

1 DEE, EZET—FEHFITOCANZITENEINESINTF v IS5, 0 DEELRN.,
(F7AIVMER 1) 58 7E HEGEHE], 81 X—IBH

ox_exchange_mathcap

1 & &, OX server & DOHEFMMARIC, HEMIZ mathcap OREZEITS. (F 74 b
i 1.) 28 7E [HEE], 81 R—IBH

ZH % 6.12.6 i [cputime tstart tstop|, 76 X—, % 6.11.4 fi [output], 68 X—,
% 6.1.13 i [pari], 34 XR—, % 6.1.14 &i [setprec]|, 35 X—7, (undefined) [eval
deval], (undefined) R—’.

6.12.2 debug

debug TNy T E—RICAS.

o debug IZEBIMOBEKTH DS, ‘() 2L THUHE S,

o FNYITE—

RIZAZETO T R (debug) &80, a2 RZFHFREERS. quit ZANT

BETNYIHMSIRTS.

o FINYITE—

RIZDWTORMIE 4 5% [F/NvH], 24 R—VUBR.

[1] debug;
(debug) quit

0
[2]
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6.12.3 error

error (message)

2 SO S AR THRAEIMICT S —2HEIES.

message  FF

o —fRIT, BIBDOMENRE, BHTATRER LS — AR ARBUICB N THAEL LR, by TLNIVITRES

RS, FEER BIEE DI — D ETTF Ny 7 E— RIZAS. error() i, T—YEHBEONETZ OEHE
EFERDEMERITTHOE 7D DEKTH 5.

180, error () BWIEUNHINDIBICRRIND A v E—I T, LFFITH 5.

I—FEHEIIBNWT, EEE2F v 7 LT, HDOBRBRWEDEEIC error() ZIETHT LS ITLTHIT
i, ZORRTHENIIT Ny 7 E— RIZANS.

% 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]
Sl %5 6.12.2 fiii [debug], 73 X—.
6.12.4 help

help(["function"])

v HEOHHAERRT 5.

return 0

function  EE%
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B ORE, BR/NEOFHHNKRRIND. WERANSIBE L THEAONZEE, BESATIUT 1LY
NJIZH D ‘help EWIF 1 LI MNIRRFALD T 71 IVindbiud, BREAE PAGER THEINTVWS
a2 B, $50WIK ‘more’ ZIFUHLTZDT7 7 M IV E2RRT 5.

BEAH LANG RESNTWDHRE, ZOMHEA "japan" £/-13"ja_JP" THE 5725, ‘help’ DOfE
HUIZ ‘help-jp’ KH BT 7 M IHERRENS. 5 TRHRVEA, ‘help-eg’ XHD T 7 A IVIERE
ns.

Windows iR TIE, A% > RIS ONVTIECH UIZRYR— RN, AZa—525 HTML R
DHDEMFVHLHANS ZENTES.

6.12.5 time
time () sow g  HEMNSBEEETO CPU BB XL GC K2 &K RT 5
return JZ b

CPU KB LT GC K OERRICBEIT S RTH 5.

GC K&, H—RPaL v itk &Nz L Rz I n 2k, CPU KX, 2o CPU K
N5 GC FEZBIWEERD T, BB TH 5.

time () F5IEAL T, £y a VHEMNSBEETO CPU K, GC R, BIfEX TicER SNz A€
JDODONRER, BEXUt Y T a VA SHE L TORBRROFRRZT 5. $abb, [CPU K (B),
GC il (B), A'RVE (T—F), @k ()] 22U A 2K, 1 7—R3@EHE 4 /N1 hT
H5.

TR OEITHMERE, K TRO time () 25, TOFHEICHT 5 CPU K, GC KR HMN 5.
AEYBEZEERETRRND, HEHEEZBA L EEBRBMEERLOHSETTHHLZELTHNVS
RETH5.

ctrl() % cputime() IZX VU cputime XA v FAhion IZ/E> TWAHHFEITE, by T L N)DXE—
DOBNLE LT, ZOETFRHMNEFREINS. LML, 7075 LONFBRET, BEDFHEIINT DEHE
KRR 210 72 WERIIY, time () R E R[S HENH 5.

getrusage() A¥#A % UNIX ETII time () 12MEMED H B EZIET A, Windows 95, 98 L TIIHF
2 RN EDNTENBENW2DRBIFHZ D DNERREIND. LoT, FHEREAHD &, TNHREIE
RFfICmE I N 5.

[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",Ti1[0]-TO[O0],"GC",T1[1]1-TO[1]1];
[CPU,6.577163,GC,7.221549]

% 6.12.6 i [cputime tstart tstop|, 76 R—.

6.12.6 cputime, tstart, tstop

cputime (onoff)

= BB 0 72518 cputime OERRZIED S, TNLAN R SITRRETTD.

tstart() :: CPU time ZHHIBELA.
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tstop()  :: CPU time K 7B X UER.

return 0

onoff 757 (fEE)

cputime () 13, 51¥4% 0 /251X CPU time OFRZIEDSD. TN B SIERRZITS.

tsart X557 L, ‘O’ 2L T, CPU time FH#llZBHT 5.

tstop 1351574, ()’ /2L T, CPU time FHHllZ2K T, BLXUERTS.

cputime (onoff) 1% ctrl("cputime",onoff) LRUTH5.

tstart, tstop &, ANFIRLTHEDNS Z LIFEEL TWRWeD, EOXDIRAIREENH 5551
X, time () KX ZFHAIZITOBLEND S.

cputime () 12X % on, off I%, BIZERD on, off TH D, by LX)V O—DDIZxT ZEHNIHEIC
fioNTns. Ko T, HEZBEDTHSTYH, FEKTHICT Ny HIZAS T cputime (1) ZHET3
NTETEREIZIR RSN 5.

[49] tstart$

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

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

[51] tstop$

80msec + gc : 40msec

% 6.12.5 ffi [time], 75 <—, 5 6.12.1 fii [ctrl], 72 X—3.

6.12.7 timer

timer (interval, expr, val)

: IR D & TEHEZ2EITT 5.

return [EE S

interval IR (B)

expr SHHEIT DK

val A4 RICKDFWRFOR D f#

timer O &, Kl 248E L TR Z2ETT 5. HERBNICHRENZ T LB E2 Ol 2K, 1HERH
WIZEHREDZE T Lsho72ha, 8 3 5l8ziRY.

% 3 BIBDMER, FIENET LG E0HEEXHTZ2RENDS.

[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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6.12.8 heap
heap ()  BIEOE—TORE S &2RY. (BHALNA B)
return HARE

o BHENL—TDOREX (BAL: N1 F) 2ET. b—T &I, Asir DI FXEREXL, 22— 70r5
LB ERBMNDATY QK T, H—RXPAL7FIIVEBINTWS. 7075 LAO8ERI, b—
TORESIZHEAEBOTHD, BATUDEZZATREL BB EITE, OS K&k ATy T TY
T \DRABENIEALEDFRERHZ DD Z LTS,

o EATUMNDRBVEHITIX, EEFD -adj 7> a3k, GC FROHBREZTO TBLENDHS.

% asir -adj 16

[0] load("fctrdata")$
0

[97] cputime(1)$
Omsec

[98] heap();

524288

Omsec

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

1118208

Omsec

[101] quit;

% asir

[0] load("fctrdata")$
0

[97] cputime(1)$
Omsec

[98] heap();

827392

Omsec

[99] fctr(Wang[81)$
3.000sec + gc : 1.180sec
[100] heap();

1626112
Omsec
[101] quit;
e Ji F2AM [ARRIAF T al], 5=

6.12.9 version

version()
: Asir ON—2 3 > &2KRT.

return H RE
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o Asir ON—2 3 > 2 HAKTIERT.

[0] version();
991214

6.12.10 shell

shell (command)

:: command 2> 1)l AN RELTETTS

return H A%
command 3FF

e command % C @ system() BWEICEV > z)Va > RELUTHETT 5.

EY
[0] shell("1s");
alg da
algt defs.h
alpi edet
asir.o fee
asir_symtab gr
base gr.h
bgk help
chou hom
const ifplot
cyclic is
0
[1]

6.12.11 map

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

katsura
kimura
kimura3
mfee
mksym
mp
msubst
P

proot

r

@ UZADS, BFOBERITHEZEHT 5.

return arg) LRICEOA T 7 b

function B4

arg0 UZX bk, X7 B, 1751

argl, ... & (%R 05%)

ralg
ratint
robot
sasa
shira
snfl
solve
Sp
strum
sugar

IO TAT—F A%

suit

test
texput.log
wang
wang_data
wt

o argl DRERZmAIDGIR, argl LT DERD O5I% & LU TEE function ZIFH L, argd DXt
LZEFZADOMNBICEETFTOE L OBREPASLFECHOF TP s bEERL TRY.

e function 3, ¥ 7)) 7 #— hOIBVWEELEHNWS.

o function IZ7 07 T LAEEIIMHEA TR,
o arg0 MU RN, NI B, fTFILSNDOHE, BT argl, argl, ...

DFERZIERT .

ZB|¥ & LT function ZI KL%
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[82] def afo(X) { return X°3; }
[83] map(afo,[1,2,3]);
[1,8,27]

6.12.12 flist
flist() = HEEEINTVLAIRELZXFFHIUZANELTERET.
return pEIDD AN

o BHEEBRINTVHMAARAAEE, I—TERRKOEKALZLTIHUA FELTERY.
o AT LAEBORICI—PFEREBEAS .

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

6.12.13 delete_history

delete_history([index])
w EAMUZHEERTS.

return 0

index HELZWEZA RN OBFS

o BIEMBZNEE, TNETHHELELZEA N ZL2THET 3.

o SBNHBLE, TOBFOREOAHEETS.

o ZITEXRNUYEIF, BEDZOTOVT MIHUTOANZFMGL THSNAERT, ZORIX @number
WKEOWMODHTZENTES. ZOZEF, H—Xy2alL s a OBlbIOoANEZRLIILEER
® 5.

o REBRXMEZA N ELTEROIGA, UBROATYEHICKERZRTHANENZD, bsave() /2ET
T 74Nk —T7 LT, delete_history() LD EANUZHELTBLOBNEHYTH 5.

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

[2] delete_history(0);

[3] @o0;
0

6.12.14 get_rootdir

get_rootdir()
i Asir D)= bFa LI FUAZERO BT

return XFF
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o UNIX MRDHE, REZAE ASIR_LIBDIR BEEEIN TS HEITIZTOME, TNTVWRWHEEITIE
‘/usr/local/lib/asir’ #iK7.

e Windows RD%6, ‘asirgui.exe’ ®H257 1 L7 MU (‘bin’ EVWSARIDIZT TH2) OFT 1 L
7 hUBEREND.

o ZOBEBMNERTT ALY MU AEREL LIZHMNALEZIRETSHIEICED, 1 A M=V EN=HBAT
CESRWT A NGRS TOT S LEEL ZENTES.

6.12.15 getopt

getopt (key)
AT a OEEERT.

return F7Tzr bk

o I —YEHBEIZ, BEEESIKRTLMAES TERN. I—FERBEK TALHEEIRE2ERT 5 HED—
DELT, A7 a i35 580EENHZ (55 4.2.12 fi [A 7 a U], 23 RXR—UBH). fHES
Nt 7 g 2EENTZTRS DI ZOEE2HWS.

o BABIFUH L OBEIC key 2547 a > E L THEINTWAHEIE, TOMEEEKT. b LEENRNE
F12iE, VOID #A T2 7 b (B#ERF -1) 29, getopt() MRLZEDEZ type() THXRS
ZET, 20X T a BEESNENEDINDFARD T ENTES.

o BBIEUHLIZBITSA T 3 DiEER, FHROBIERSTUDEAIZ,
xxx(A,B,C,D|x=X,y=Y,z=Z)
EWSEIT, ‘I’ 1Tki<, key=value @ ‘,” TRYILNZWMUEELS Z & THD.

S 942128 [T a UHEE], 23—, % 6.8.1 i [type], 62 X—.

6.12.16 getenv

getenv(name)

n RBEAROEZEIRT.
return
name XFF

o IBIESZSH name DEZERT.

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

Asir 13, HBEHEICB T S@EE T O M) E LT, OpenXM (Open message eXchange protocol for
Mathematics) 28 L TW%. OpenXM I, EE L TE¥EA TPz 7 b2 T O AR TR LD TS0
DOHWTHS. OpenXM IZBNWTIX

1. client A% server [T U CEIRFETERBEDO A v —T %K 5.
2. server NEIRZEZHETT 5.

3. client 7% server IZHEREMEKBORA v —T%ES.

4. server [3#ERZIER L, client 13#ERZZITHLS

EWS T THHEHEIMTDNS. server IZAY v I > Thb. §iabb, client NSESNLT—FF
T H M, BEARRVRD server DAY v 2 ICHEN, O7 > RAREBNEIHC, BERLET RS v 2 h
557 —FEWROHLT, EEFCHL OS8R ET 5.

OpenXM 2BV TEHMAZ Z £13, SHERERIZBEIC server DAY v 7 IZHEEN ST, client 750D
WA VWRD , BERICT —FIRRNBNENSI HTH 5.

Jobhalicid, A7z boH@ET +—< v hEEETS CMO (Common Mathematical Object
format), 7Ot 2IZx T 2E8EEEET S SM (Stack Machine command) 23& £ 5. Zhbid, 5—%
BEDBIT, T—F OEEEIEET 572D 0X expression ELTIvE TIN5,

OpenXM I X5 HIGHE 21T O BRI, £, server 235 EF T, BEZRVLIBI2HENHD. T
D7=®IZ, ox_launch(), ox_launch_nox (), ox_launch_generic() /R EDEBMNHBINTNS. &5
12, BIEDRRIL L 7= server IR LU TR DL D B ENBEIRE L THESINTWS.

ox_push_cmo ()

F—% % server DAH v 7 IZHED
ox_pop_cmo ()

F—% % server DAY v NS5O HT.
ox_cmo_rpc ()

server ORI ZEIEUNH L, #EREASY v 7 ITHED.
ox_execute_string()

server [EH DIL—HEE (Asir 725 Asir F3F) TEINZXFFH % server NETL, #iRk%E
AE vy JITHD.
ox_push_cmd ()
SM IO~ > RDXE(E.
ox_get ()
BCEERICH DT —F DO L.
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7.2 Mathcap

server, client & 512, OpenXM THEINTVSHELTOCMO 7+—<v k, SM OX > RE2EEL T
Wa LIRS RN, HEOHSRWT—%, a7 > REEoS 2GS, BRTIEERIFHTERN. 20k,
OpenXM T, 50 UCHHNOYR—KET S CMO, SM OU X b2 L H> T, HEOH S EWT—%
BRESBVNEDIICTHHEMAZRELTNVNS. ZOEHDT—4 A Mathcap THh 5. Mathcap 1Z CMO &
LTIRYUZ RTHD, TOERIE 32 bit B E 13 0FFITH 5. BIEOHETIE, Mathcap 3BS85 3 @
JZ kT,

[[version &%, server 4],SMtaglist,[[0Xtag,CMOtaglist], [0Xtag,CMOtaglist],...]]

LS FEL TS, [0Xtag,CMOtaglist] 1%, OXtag TRINDHFITVOF—FIIHL T, LD K
578 CMO MEAVEENERTHDTHS. ZORELERHFITILICLD, AIAT ‘ox_asir’ LD,
CMO 5F—% LIS, Asir BHEDF—FERICE D, CMO KDL OBEOTF —F EZEETAD I EER
5.

F—FEEOBIZ, HFE T Ot XD Mathcap 2SBEICEE I N TS A, Mathcap XX 5 F v 7 217
IMEMNL, ctrl I RD "ox_check" Af wFIZKXDIRES. O wFOHHMEIX 1 T, Fxvd
2O T EEEW%TS. ctrl(Mox_check",0) ICEDF v 7 Z2TOBRNLEDICTE 3.

7.3 REwvoI AT R

A IR AR RIZ, A v I THD server IZMENDERERZTHOESEZDICHEINTY
3. W< OADIAT Y KIE, E<AVBHBET, OIT Y K, F—4& & & bic, Asir DHMABEEIC & D
EONDN, I—FRPRNICH 2T > ReE2BENRUTUIEAETS. A&y < >av > Rid 32 bit
UTFTOEKTHY, ox_push_cmd() I RTREETES. UFT, REWERAY vy IO RIZD
WTHEHT 5. SM_xxx=yyy T, SM_xxx % mnemonic, yyy 2METH 5.

UFT, Ry I nET7—F MUY &IZ, Ry I D—FLENST—FEZMORIZLEED.

SM _popSerializedLocalObject=258
server A% ‘ox_asir’ ®BPAI, BT LH CMO TEBZBINTWARNWF T hB2AY Y M
SHOH L, BERICHT.
SM_popCMO=262
CMO #7227 b2AFy INSBOHL, BEKRICHT.
SM _popString=263
AEwIMET—FEZROHL, AIGREROXFINCERL TRIERITHT.
SM_mathcap=264
server ® mathcap 22 % v 7 IZHED.
SM _pops=265
AE Yy INEWMOM LT —%2EKEL T, ZOREBDP AT v 75T —45 2RO RS,
SM_setName=266

AT IMNET—FEEELELTHROBL, RICZOBLZF—F2Z20EHICE VY TS, =
DOED YT, server FEADYEE L Titbh 3.

SM_evalName=267
AT INEBMOBLETF—52EBLELT, TOEERY v 7ITEHES.
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SM _executeStringByLocalParser=268
AE WSRO Liz5T—% %, server [E#H @ parser, evaluator TAUEL, EREXY v 7
ICHES.
SM_executeFunction=269
AE v G, B4, BIROMEE, B O5IKEZROHL, BEREZFTHLFEREXS v 71T
5.
SM _beginBlock=270
FT—=F 70y DRLED.
SM _endBlock=271
F—=7 0y 7 OKD.
SM _shutdown=272
server EDRX[FEYIWIL, server 2RI H 5.
SM _setMathcap=273
A8 w7 DF—4 % client ® mathcap & U T, server IZ8 k% ERT 5.
SM_getsp=275
BEAY Y 7V ICEENTVWST—F ORERY v 7 ICEHES.
SM_dupErrors=276
BEZAY v JICEBENTNWEET TP FOWN, T5—F TP hOHEUZXNMNILT, A¥ v
7ICHES.
SM_nop=300
BITHLRN,

7.4 FTINv T

SEEHEIZBN T, —RICF Ny VDR EEE 725, ‘ox_asir’ IKBWTIE, TN ZDEDHDNL DHOD
HRE iRt L T 5.

74.1 TS5—AT2 o b

OpenXM server BETHICT T —2E I LG, RODVDDDIZCMO T5—F T2 bERXF Y
DD, T5—FT7 227 M, find 5 SM O RO UTZNERE, T5—Avt—IUMh6R0D, Th
KE>TED SM O RNEDKSBRLT—2EI LizhH SEEHHT 5.

[340] ox_launch();

0]

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

0

[342] ox_pop_cmo(0);

error([8,fctrp : invalid argument])

7.4.2 Vv b

ox_reset () WXHEETHD server 22Uty RLT, a7 RZIMIHREBICRT. ZOHEEIR, BHEO
Asir ¥y 23 JIZBTBF—FR— REIDAA L IZITFEEIC, OpenXM server 22Uty NTES. £z, {5
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NORET, BEEOT —IN#E-o-EEDORET ox_rpc() BEZRETTS &, ox_pop_cmo() 72E, X
Yy In5OROHL &, EBICHRENDT —F OMBEBARIEILRS. TOXDIBRERICOENTHS.

7.4.

3 TNYITRRYTITZvT o4 RD

server 1213, client IZHBF 5 F—HR— RITHYS T 5 ATERENR W=, server I TEHEL TW5b 1 —H
SHETSOTSLADTN Y THRREC/RS. ZDD, server lICOL—YEE IOV T LETHOILT—B X
U, client 75 ® ox_rpc(id,"debug") EfTICLD, server KFN\Nw 7 A REANTBDD/NI/R
T4 Y RUNRY T 7w T TEH. ZOT 12 RUNSDANIHT HHAIL, log D ‘xterm’ IZTERINS.
ZOU 1> RUZHU ST, quit 2 AR XK.

7.5

7.5.

SEGTRICEIT HEBE

1 ox_launch, ox_launch_nox, ox_shutdown

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

 ERT O X OESBICHEEZHIT 5.

ox_shutdown (id)

m BRI OEAEKRTSE, BEEKTTS.

return B
host XFHNERIZ O
dir, command
XFF
id B

ox_launch() &, A b host LTI > R command 2L, 2070t A LBEZMBETS. 5l
B 3 DOFE, host £ T, dir iIZH 5 ‘ox_launch’ EWSH Y —NEGFHTOS S LENS LT 5.
‘ox_launch’ |& command %ZJZE9 5. host 75 0 OKF, Asir BNEHEL TWBT T > ETav >y Rz
B9 5. W ODES, host 13 0, dir 13 get_rootdir() TINS5 1 L2 MU, command 1ZF U
T4 L7 MU® ‘ox_asir’ ZEKT 5.

host 7% 0, THbBH—N% local ICEBT 2 HEICE, dir 28K TE5. Z0HE, dir ik
get_rootdir() TRENZFT 1 LI hU &5,

command 78 ‘)’ THRE D XFHDHE, HXMNZA EMREIND. THLANOHE, dir 55 OHXFISA
LRI NS.

UNIX FRIZBWTIE, ox_launch() I, command DOFEMEH S, EET S —HH2RRTEHEDHD
‘xterm’ Z#HT 5. ox_launch_nox() &, X B L OBREDHA, H5HWNIT ‘xterm’ ZELEHETITH—
NZ&IB BT BBHICHNS. Z0H4E, command DN ¢/dev/null’ IZHFE I 15, ox_launch()
DEFEHTH, BWEELE DISPLAY 23R EINTWAEWEFAITIE, ox_launch_nox() LR UEHEZT 5.
BENHBEIIBEOZDOEITFERS.

Asir LEETHSOVAREFA—OT T Y ETEHEL TWBHEIZRW. £z, BREIIBIF BN M4 —%
13 server, client I TO®BRHFID negotiation THRE S/, MFELDOTL 2V ENAS M —FNHEIZ->T
WTHHEDRWN.
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e host ITY I UAERET DG, U TORFENPHETHS. TIT, Asir DEINWTNSEKRZA R A, #(E
HEOTOLANEHEINSHTANE B &7 5.

1. "AK B ® ““/.rhosts’ IZ, RA L A DKRA MLEBET 5.

2. ‘ox_plot’ &, X LDIaRT T arbHNWLNSLEE, Xserver IZK L, HE/RFRZ k% authorize
¥ 5. xhost TWHERKRX MZEBEITIUI XN,

3. command &> T, A v 72 RKREXFEHTEHDbH54®, ‘.cshre’ TRY v I/ HA1 X%
AKE® (16MB #£E) KHEL TBONLETHS. XY v /¥4 X3 1limit stacksize 16m
REELEETS.

e command 7%, X EiZU1 > R 2T 554, display 7M€ S hiud T O X T %, AIERICIIIRE
Z ¥ DISPLAY OfEiZ AW\ 5.

o BIEZAH ASIR_RSH 2%ty hENTWBHFE, Y—NDONib EF 7075 A& T ‘rsh’ ORHDITZ
DOEBDENHANENS. HlZIT,

% setenv ASIR_RSH "ssh -f -X -A "
IZ& D, y—=INDE EIFIT ‘ssh’ BHWS I, X11 DO@EED forwarding b, L <IT ‘ssh’ @
R-aT7IVESR.

e ox_shutdown() IXFHIT id ITHET 2ERB IO X 2K TIE5.

e Asir NIEE LZHBERIEETOAHATZA N —LARBEHWICEHC 5N, EFchiTnws ot AideT
RTT20, BERTUESES, ER7TOCAMKRTLEWESGDH 5. Asir BWEEK T LGS, B
TOvAZEH LTI ETps BREZEHLT, HL Asir SEE L 2T O A0 > TWBHE,
kill T5HENHS.

o log £7RMA ‘xterm’ I3 ‘-name ox_term’ 7/ 3 > TEREIIND. Lo T, ‘ox_term’ 85UV —24
IZH LT ‘xterm’ U Y —AFREZITAIT, log H ‘xterm’ ODEEOAZEEZDIENTES. HlZIT,

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

I2& 0, icon TiEEH), scrollbar D&, scrollbar THRTE 278K A 1000 17, EWIIEENTE 5.

[219] ox_launch();

0

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

0

[221] ox_pop_local(0);

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

0

2 %5 7.5.5 ffii [ox_rpc ox_cmo_rpc ox_execute_string], 88 X—3 % 7.5.8 ffii [ox_pop_cmo
ox_pop_local], 90 X—, & 7.5.15 ffi [ifplot conplot plot plotover|, 94 XR—

7.5.2 ox_launch_generic

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

 ERT Ot X 0SB I UHEEZBGT 5.

return B
host NFEHNEZIZ 0
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launcher, server
X5
use_unix, use_ssh, use_x, conn_to_serv

B

e ox_launch_generic() i, "A I~ host LT, 2> ho—)L 70t X launch BXTY—NTOtR
server ZEEIT 5. ZOMOFIEIL, AT S protocol O, X OfFH /A, rsh/ssh itk 370
T ZEH), connect FIEDIREREZTOIAAN v FTHS.

e host 7% 0 DBA, Asir NEIHEL TWB~ T > LI, launch, server 235 EF 5. ZDHA, use_unix
DOfEIZ N 59, UNIX internal protocol 23V SNS.

e use_unix 7% 1 ®FH, UNIX internal protocol ZFHW 5. 0 DFE, Internet protocol 5.

e use_ssh % 1 DA, ‘ssh’ (Secure Shell) ik a> ho—)b, ¥—NFOtX &5 LT 5. ‘ssh-
agent’ IREZFHL TWREGE, NAT— ROANNBEERS. HFHLT ‘sshd’ BN TR
&, BEIWIZ ‘rsh’ BHWSNZ A, NAT — RPRRBRE LR DGEITE, TOH TEEITKRKT 5.

o usex %1 DFH, X ETOEMEREEL, FEINTWS DISPLAY £%%HW\WT, log A ‘xterm’
Db ET server WiEENIN 5. DISPLAY 223ty b TWARWESIZIE, HEMIZ X 2L o
E &72%. DISPLAY BAEY)ICE Y hINTWBHAIE, a2 bOo—)b, $—=N\BNTTE5OTHE
BETHS.

e conn_to_serv A% 1 ®FA, Asir (client) AVER L AR — MK L, client % bind, listen U, &8I h
=70t 2 A connect §%. conn_to_serv 7% 0 DFE, BTN /= 7 Ot 2 bind, listen L, client
A% connect 9 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

i %5 7.5.1 i [ox_launch ox_launch_nox ox_shutdown], 84 X—, % 7.5.2 ffii [ox_launch_generic],
85 X — 3

7.5.3 generate_port, try_bind_listen, try_connect, try_accept, register_server
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generate_port ([use_unix])
i port DARR
try_bind_listen(port)
2 port IZxf L T bind, listen
try_connect (host, port)
: port IZ% L T connect
try_accept (socket, port)
:: connect E3R% accept
register_server (control socket,control port,server_socket ,server_port)
:: connection DFRIL L 7= control socket, server socket D%k

return generate_port () DAEEFE/IICFHI. T DfIIEEL.
use_unix 0 E/ziF 1
host X5
port,control_port,server_port
BRE 33T F
socket,control_socket,server_socket

BE

o NSO, ERTOLALBEREBERIIEEEDODOTIUIFT 4T THS.

e generate_port () [J#EDLDD port ZAERRT 5. EEEDH 2 WIEEIEN 0 DFE, Internet domain
@ socket D7=® D port FE, TN OHEITIE, UNIX domain (host-internal protocol) @78
D, 774 INVL&EERT S. port FH5I random IZAERI NS, Z O port A3 TRWRIEIZ RN,

e try_bind_listen() i&, 5Z 587 port IZx L, £®d protocol IZxHRL 7 socket &4 L, bind,
listen §%. BIh L7255, socket #AITZ2KT. RELAEGZE, -1 K.

e try_connect() 1%, I"A & host ® port port IZK U connect Zik#A%. BRINL 55, socket &7
FziRY. RPLESGE -1 2R5.

e try_accept() I, socket %9 % connect E3R%E accept U, HiIiTER S Nz socket 2iIRY. &
UGS -1 RS, WTNOHAEICSH, socket IXHEINIC close 5. 51 port 1Z, socket @
protocol ZH|HI T H0ICHEAS.

e register_server() I, control, server TN ZH D socket & —HITL T, server list IZEE&L,
ox_push_cmo() R ETHWS SOt A#HF21KT.

o HWTOEROEHII, shell ) XLIFHTHTS.

[340] CPort=generate_port() ;

39896

[341] SPort=generate_port() ;

37222

[342] CSocket=try_bind_listen(CPort);
3

[343] SSocket=try_bind_listen(SPort);
5

/*

Z Z T, ox_launch Zi&#H :

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

[344] CSocket=try_accept(CSocket,CPort);
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6
[345] SSocket=try_accept(SSocket,SPort) ;
3
[346] register_server(CSocket,CPort,SSocket,SPort) ;
0
2| %5 7.5.1 i [ox_launch ox_launch_nox ox_shutdown|, 84 X— 5§ 7.5.2 ffii [ox_launch_generic],

85 X—, % 6.12.10 i [shell], 78 X—=3’, %5 7.5.7 ffii [ox_push_cmo ox_push_local],
90 R—
7.5.4 ‘ox_asir’

‘ox_asir’ 13, Asir DFIF 2 TOHAEE OpenXM H—/)NE U TIRH#T 5. ‘ox_asir’ I3, ox_launch
F 7213 ox_launch_nox TEHEIT 5. BHFIEX X REZHNVWEVWEGOLEDICHEINTVWS.

[5] ox_launch();
0

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

0

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

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

[9] Servers = map(ox_launch,Machines,RemotelLibDir,RemotelLibDir+"ox_asir");
[0,1,2,3]

2 %5 7.5.1 fii [ox_launch ox_launch_nox ox_shutdown], 84 R—

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 TORAOEETEUHL

return 0

number ¥ (Ot R#EHT)

func Ep e

command 3LF3

arg0, argl, ...
& (51%)

o #WT number @7 O A DEEZIFNHT.

o HHOFEKRTZERLT, BEBIC0 2KT.

e ox_rpc() I, —/\M ‘ox_asir’ DHFEFDHHAND ZENTES. ZNLUSNDEHENL, ox_cmo_rpc()
ZHNWS.



T E: JTHGETR

o FHEAIKYEIZ ox_pop_local(), ox_pop_cmo() X VED HT.
o H—N\ ‘ox_asir’ UADOBD (FIZE Kan H—/\ ‘ox_sm1’72 &) DHFAICIE, Open XM 'O~
WTHR—PENTNDET—IDAEED I ENTES.

e ox_execute_string I3, %> /= 7% command ZH—/N\HH S D I—FZE/N—F TR L, ¥4l
LIekEREY—NDAXE v 7 ITELS KD IHERTS.

0

[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
21 %5 7.5.8 ffii [ox_pop_cmo ox_pop_local], 90 XR—

7.5.6 ox_reset,ox_intr,register_handler

ox_reset (number)

D 7OEADUEY b
ox_intr (number)

7Ok ZADIZ SIGINT #ff
register_handler (func)

m TOEADYU Y b D7D DR

return 1
number ¥ (Ot X#EHT)
func BT E/13 0

e ox_reset() 1&, BT number @7 Ot XZ2VUty hL, I RZFFTIREBIZT 5.

o ZTOTUEANBICEEZHL, H2VRBEAEZSIHLBOT—F21H 2556, thzefns L, ©
TN 77 BB LERRTRS.

e F7O AN RUN REDHESTSH, BIDAAITKDEHICEREEZRTIES.

o NHEHEZTOEBOELET, fHTAH7OLRICH LU THETTS. H5WIIEHERF TOME ki
W5,

e ox_intr() 13, #HIF number 7 OEX %KL T SIGINT ZEAHd 5. SIGINT 9270t
ZADEEIIHRE TN TN, ‘ox_asir’ DA, 7272512 debug mode ITA%. X ETEHEL TV
B8, TN T AR RATHOT 4 2V RUNKRY T7 v I T5.

e register_handler() I, C-c REICKZDEIVAALDEIZ, u ZHET S I LT, E5H1—FERH
¥ func() MFVHIND XD CHRETS. ZOBKIC, ox_reset () ZFUNHIESZ LT, FIDAA
DEIZHHRYIZ OpenXM server DUty h 275 T EMNTES.

o func iT 0 ZIEET A LT, REEMBRTES.

[10] ox_launch();
0
[11] ox_rpc(0,"fctr",x"100-y~100);
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0
[12] ox_reset(0); /* xterm D+ > RJIZiZ */
1 /* usrl : return to toplevel by SIGUSR1 MERIND. */

[340] Procs=[ox_launch(),ox_launch()];

[0,1]

[341] def reset() { extern Procs; map(ox_reset,Procs);}
[342] map(ox_rpc,Procs,"fctr",x~100-y~100) ;
[0,0]

[343] register_handler(reset);

1

[344] interrupt ?(q/t/c/d/u/w/7?) u

Abort this computation? (y or n) y

Calling the registered exception handler...done.
return to toplevel

2 % 7.5.5 i [ox_rpc ox_cmo_rpc ox_execute_string], 88 R—

7.5.7 ox_push_cmo, ox_push_local

ox_push_cmo (number, obj)
ox_push_local (number,obj)

:: obj 2T number ©7 0¥ ZITHERE

return 0
number B (FOEXHEHIF)
obj FTYxU b

o #WT number @70t AT obj ZEET 5.

e ox_push_cmo iZ, Asir 27+ ® Open XM H—NIZEEFETHEICHNS.

e ox_push_local I3, ‘ox_asir’, ‘ox_plot’ KF—# 2ESHFFICTHNWS I LENTES.
e Ny 77NN oIXNIZRERBWED, HEBICERT 5.

2| %5 7.5.5 i [ox_rpc ox_cmo_rpc ox_execute_string], 88 X—, 5 7.5.8 fi [ox_pop_cmo
ox_pop_local], 90 R—

7.5.8 ox_pop_cmo, ox_pop_local

ox_pop_local (number)
SOt AT number NST—F EZIET 5.

return ZfE7—%
number ¥ (Ot X#EHT)

o 7Ot R#FHIT number DT T ELANETF—F 2%ET 5.
e ox_pop_cmo ¥, Asir ISt ® Open XM H—N\n5ZETHERICHNS.
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e ox_pop_local i, ‘ox_asir’, ‘ox_plot’ WEFT—F EZTHALEITHNWS I ENTES.

o H—N\DEBEFOEHETOv TS, ZNElT 57911, ox_push_cmd T SM_popCMO (262) ¥7=
¥ SM_popSerializedLocalObject (258) #%> TH &, ox_select TF O AN ready 12785 T
W5 ZEEENDTHNS ox_get THUIKW.

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

0

[4] ox_push_cmd(0,258);

0

[5] ox_select([0]);

[0]

[6] ox_get(0);

(01,11, [x"2+y~2,1], [x"4-y*x"3+y 2*x"2-y " 3*x+y~4,1],...]

2 %5 7.5.5 i [ox_rpc ox_cmo_rpc ox_execute_string], 88 XR—, % 7.5.9 i [ox_push_cmd
ox_sync|, 91 X—, % 7.5.12 ffi [ox_select]|, 92 X—, % 7.5.10 fi [ox_get]|, 91
RED

7.5.9 ox_push_cmd, ox_sync

ox_push_cmd (number, command)
i 7O X#HF number @7 O RIZAY 2 R command Z%£ET 5.
ox_sync (number)

O AEAF number @701 212 OX_.SYNC_BALL %%{ET 5.

return 0
number ¥ (FOEZEHF)
command ¥ (2~ > REHIT)

o #iF number @7 O RIZaY > FE/zid OX.SYNCBALL Z%ET 5.

e Open XM 2BV THEZEF—413 0X_DATA, 0X_ COMMAND, OX_SYNC BALL ® 3 #i%iic
s, BE, 372 RIS N OFREICHHEL THRERO S BICEEIN 5D, Tz 1—9REHIC
EOEWEEICHVWSNS.

e OX_SYNC_BALL iZ ox_reset I KZFHHE W, BROBICEZEINDA, INEZEHITED 2N

BEICHNWS., B, BERETIE OX_.SYNC_BALL 3EHINS.
2R %5 7.5.5 fii [ox_rpc ox_cmo_rpc ox_execute_string|, 88 X— £ 7.5.6 fi [ox_reset
ox_intr register_handler], 89 XR—

7.5.10 ox_get

ox_get (number)
O X#HF number O OEANST—5 2257 5.

return ZfET—%
number ¥ (Ot REHT)
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o FOtRFEHF number DT O EANST—F&%(ET 5. BEICA M —LALERT—F0BH2 T %K
ELTVW5.

e ox_push_cmd EABEDOETHWS.

e ox_pop_cmo, ox_pop_local I, ox_push_cmd & ox_get OHAGTHETEHINTNS.

[11] ox_push_cmo(0,123);

0]
[12] ox_push_cmd(0,262); /* 262=0X_popCMO */
0
[13] ox_get(0);
123
2 5 7.5.8 i [ox_pop_cmo ox_pop_local], 90 R—, % 7.5.9 ffi [ox_push_cmd ox_sync],

91 X—3

7.5.11 ox_pops

ox_pops (number [, nitem)
. T OEZX#EF number T TEADRY v ST —F ZWMOKRL.

return 0
number ¥ (7O Z#HHT)
nitem R

o 7Ot AT number DT O ELADAY v I MEFT—FZEB UKL . nitem BMEEINTVBHEET
nitem &, 5EDTNHEAT 1 O KRL.

[69] for(I=1;I<=10;I++)ox_push_cmo(0,I);
[70] ox_pops(0,4);

0
[71] ox_pop_cmo(0);
6
2 %5 7.5.8 fii [ox_pop_cmo ox_pop_local], 90 X—

7.5.12 ox_select

ox_select (nlist[, timeout])
D HAHLUARER T O A D#HNTF2IEKRT.

return U2k
nlist B (F7OX@ERF) OUX B

timeout ¥

o HHWFUAN nlist 07O ADSBEICHAZEL TWS 7 OEADHENTFU X 2KT.
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o 2TODTOEAH RUN REDEE, WTFNHLDT O XDKT 2D, HL, timeout HMEEINTN
584, timeout BIZTHED.

e ox_push_cmd() T SM_popCMO & %\ i¥ SM_popSerializedLocalObject # %£->TH &,
ox_select() T ready REEOTOEXZFMRT ox_get() 9% &T, ox_pop_local(),
ox_pop_cmo () THEBREIZADDEP S ZENTE 5.

ox_launch();

0

[220] ox_launch();

1

[221] ox_launch();

2

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

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

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

0

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

[0,1,2]

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

[227] ox_select(P);

[o]

[228] ox_get(0);

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

2 %5 7.5.8 ffii [ox_pop_cmo ox_pop_locall], 90 R—, % 7.5.9 ffi [ox_push_cmd ox_sync],
91 R—2, % 7.5.10 fi [ox_get], 91 R—

7.5.13 ox_flush

ox_flush(id)
m EENY 77 Ol flush

return 1

id F7avA#BT

o EHIENYFE—KiZ off THD, F—, 0% REET EICEEN Y 7 713 flush SH5.

e Ny FE—RIE "ctrl" I7 > R®D "ox_batch" X1 wF T on/off TE5.

o MIMWT—FEZEHEDHEIT, ctrl("ox_batch",1) TNy FE—RZ on iZ95&, Ny 770>
XN 2B AT DH flush SN B7-8, overhead DV/NE K RBFAND . 12/2L ZOHA/TII, &
1T ox_flush(id) ZFEfTL T, Ny 7 7 ZRHINIC flush T20ENH 5.

e ox_pop_cmo, ox_pop_local DK ST, AV REBBRAELEBICT —FRHFBICASEBENN T Lizn
£9, IS OB ONEBTIZHEH Aush NEfFTENTNVS.

[340] ox_launch_nox();
0
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[341] cputime(1);

0

Te-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)

2 % 7.5.8 i [ox_pop_cmo ox_pop_local], 90 XR—, % 6.12.1 fi [ctrl], 72 RXR—

7.5.14 ox_get_serverinfo

ox_get_serverinfo([id])
:: server @ Mathcap, EifEH O 7 0t Z#H1F O HE

return JZ b
id F7 ot 2T

o 5l¥ id ibBELE, Tt AT id D70t AD Mathcap 22U XA b &L TRT.
o Bl DEE, BIEBHEROT 0L ZA#EMNTFBLUZD Mathcap 57257 %, UAFELTKT.

[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]1]1]
[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,[[199901160,0%x_asir],
[276,275,258,262,263,266,267,268,274,269,272,265,264,273,300,270,271],
[[514,2144202544],
[1,2,3,4,5,2130706433,2130706434,17,19,20,21,22,24,25,26,31,27,33,60],[0,1]1111]

2 % 7.2 fi [Mathcap], 82 X—3.

7.5.15 ifplot, conplot, plot, plotover

ifplot (func [,geometry] [,xrangel [,yrangel [,id] [,name])
w2 BEEROER L TOEEZERT 5.

conplot (func [,geometry] [,xrange]l [,yrange] [,zrange] [,id] [,name])
22 BEEROER ETOEERERRT S.
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plot (func [,geometry] [,xrange]l [,id] [,namel)
w1 BEBEBOT ST ERRTS.
plotover (func, id, number)
D TTCREELTVWSE Y ¢ 2 RUANHET 5.

return B

func 2N

geometry, xrange, yrange, zrange
UX b

id, number
B

name X5

e ifplot() 13, 2 BB func ODFEE L TOELDY 57 DEREITD. conplot () 1, MEEDEIEIC
U, EEHROERRETD. plot() X 1 BEEKDT 57 DRREITD
e ZN5ik OpenXM H—NELTEHINTWS. UNIX ETI ‘ox_plot’ 4%, Windows ETIiZ
‘engine’ TIN5 DOHEEZRHEEL THB D, T BT Asir OEES A TSUSFT4 L7 MNIIRHD. ZThbd
¥ ox_launch() F£713 ox_launch_nox() IZLXDEEHL THBBENH 5.
o SIKOW, func IBATHS. ZOMDEIEIIA T a>Tha. 72 aORABLOZOT 7+
ME Iy aW) IROED.
geometry U4 2 RUDYA X% Ry BT [x,y] THET 5. ([300,300]. )
xrange, yrange
EROHPFADIEE T, [v,vmin,vmax] THET 5. (WTHOEED [v,-2,2].) ZOEEMN
IRWGE, func ITEENDEBONERIETF O LOERN x’, TOELKAN vy &L THD
N5, INEWTB7-DITIE xrange, yrange Z18ET 5. £z, func 78 1 BROBE, Z
NS DI/ERMKAERS.
zrange conplot () DHFADAIFEE TE 5. BRIX [v,vmin,vmax [,step 1] T, step ZgE I N
HET, EEROMEY (vmax-vmin) /step £735. ([2,-2,2,16].)

id HEET O ZXDES, $7/40% ox_launch() MRLAZHBFZEETS. (—BREIICES
N, "7 T4 TR7ORTHIET 2EE.)

name 71 > RUD4HI. (Plot.) AREINzT 1 > RUDHF A MUE name:n/m Lis5b. Zh
13, 7Ot ABS n OTOAD, mBO U1 2 RUEERTS. ZOHFFIL, plotover()
THWHENS.

o —DOTOERALTHETES Y12 FYOKIIEK 128 HTH 5.
e plotover() &, HHELLY 1 > RU LI, BIBTH S 2 BRZLEADELAZ LEXTS.

o MM THDY > RY LT, XURDERY D EMLENBSDORT v/ THFZEELRY > 28T &
izl 4 2 RUBERS N, FBELZHBENSIERL TRRIND. RIvITREENSETFAETDS. R
T T ERDEEHRF Y EIVTEHEER, YURRA I RIERD EDNEITRS Tho THRY > 2BEIE
KW FLnwoA > RO, fEEFEBEMHYT, BRIN, TOU 1 > RUDBRALE—BTHEIK
EOHND. LR THT % precise 4% on DA, IR L /= fEKAF— window ETEEEIN5S.

o U YRUNTHRY > EMT &, TORDEERENT 1 > FUDTHICERRENS.

e conplot() THERLEZT 1 > RIUZBNT, Vg RUDAPIOY—AEHFRY > TRIvTTHE, 3t
IR BEFBROBNEDY, HELEDOT 1 > RUIZHIET B L NIVBERIND.

o UNIX RTINS DNDOREY Y IZED WS DONDRELE, BIENTES. UNIX RKTIZRDRSY >0
H5.

quit window ZHET 5. SHEZHET 555, ox_reset () ZHWNS.
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= ST

wide (FZ)V)

BEDRRM ZHEE# 10 L AERZRRT 5. RERRIN TV LHMAIZ I ORRIT
BOWTHREICEAETREIND. CORRTHEABEZTD &, TOHMASHLVBY 1 >
ROICHE SN 5.

precise (~Z)L)

BRI, BEOREICK D, KD ERICHERMET 5. ZHi3, func BEEERED 2 B
ZEROHEFCOAEHTHD. ZOE— RTIE Sturm Fl& Z/MEICK D, REANOEN
DEEZ EMHITRO TN HDT, T 74)V FOFTREL D b IEMRMENHHFTES. 2
7ZL, MERFREIEKRFHTON D HBENEZN. ZOFHHEANMNSHEN2 X DT, ZOMEEITHE
BB OZLERAOHEICH L TOAETHS. ((x"2+y"2-1)"2 OHETHL THK.)
formula MIETEHHXEERRT S.
noaxis (hZJL)
JERE 2V T
‘ox_plot’ MEHENDZI I VLTI, R v I 2 REMHTZODHH D70, ‘.cshrc’ TR v
YA X% RED (16MB BE) KHEL THONELLETHS. X v 7 H¥A X1d 1limit stacksize
16m 2 ELFBET 5.

X T, 712 BEUDOEEFITDONT resource X DAMITR, RY DB ELEADIENTES,
resource DIFEDHEHIZLATDED. (F74J)V bERLTHL) plot*xform*shapeStyle 3. rect-
angle, oval, ellipse, roundedRectangle 7% fEE T&E %,

plot*background:white
plot*form*shapeStyle:rectangle
plot*form*background:white
plot*form*quit*background:white
plot*form*wide*background:white
plot*form*precise*background:white
plot*form*formula*background:white
plot*form*noaxis*background:white
plotxform*xcoord*background:white
plotxform*xycoord*background:white
plotxform*xlevel*background:white
plotxform*xxdonexbackground:white
plotxform*xydone*xbackground:white

%5 7.5.1 fii [ox_launch ox_launch_nox ox_shutdown]|, 84 X—7 % 7.5.6 ffii [ox_reset
ox_intr register_handler|, 89 XR—3

16 open_canvas, clear_canvas, draw_obj

open_canvas (id [, geometry])

c ERY 12 RY (v NR) BERTS.

clear_canvas (id, index)

D FYIONRBIYUTT S,

draw_obj (id, index, pointorsegment [, color])

D FYIONRALICHEERIRS2HET 5.

return 0
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id, index, color
B
pointorsegment

U b

e 2151 OpenXM H—)\ ‘ox_plot’ (Windows LTl ‘engine’) iCk Vgt 5.

e open_canvas I, #iEHADT 1+ > R (F¥ 2 NR) 2ERT 5. geometry IZED T 1 > RUDYA
X% pixel BT [x,y] THET 5. default size & [300,300]. F+ > NADHEANTFEL T, B
iz OpenXM H—/)NDZXF v 712 push §5. ZO#HHTIE draw_obj OEUHLUICHETH O,
ox_pop_cmo IZX DO H LU THRETDILHENDS.

e clear_canvas &, —/Vid id, ¥ >/NX id index TIREINDZF ¥ O NAZ27 VT T 5.

e draw_obj i&, ¥—/Vid id, ¥+ /N id index THEEI NI DF ¥ INAICKREZIIRr Z2HET 5.
pointorsegment 73 [x,y] DHEROBERE, [x,y,u,v] DHE [x,y], [u,v] 2SR ERT ERRINS.
F v ONZADOEREL, EEBZEFEAE U THARICE B, MEAMICE_EBEEZ &%, Eid pixel BiL
THET 5. color DIFEND 258, color/65536 mod 256, color/256 mod 256, color mod 256
#2hZh Red, Green, Blue Ofii (i 255) & 3739,

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

?183] open_canvas (Id) ;

0[184] Ind=o0x_pop_cmo(Id);

?185] draw_obj (Id,Ind, [100,100]);

?186] draw_obj(Id,Ind, [200,200],0xffff);

?187] draw_obj(Id,Ind, [10,10,50,50],0xff00£ff) ;
?188] clear_canvas(Id,Ind);

0

2 %5 7.5.1 i [ox_launch ox_launch_nox ox_shutdown|, 84 X—, % 7.5.6 ffii [ox_reset
ox_intr register_handler|, 89 X—2’ %% 7.5.8 ffii [ox_pop_cmo ox_pop_local], 90
R
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8 JULTFEEDFE

8.1 NHIRHLZIEIN

SHMERHLZERX LT, ZHRONTEERO—DThHS. @EOLER (type 78 2) 1I, BREHR LTINS ERX
TEREINTWS. Tbb, BE0EEZ2TEERETS 1 2HLEKT, 20MOEET, =0 1 BELE
RO, TLEBESERVWLERE L THENS. ZOREN, £, H5EREFLEETHLEA -
TWBZENSHREHRSIFINS.

@ty = 1oa? + 2oyt (2-2) o+ (@2-2) -y + (1-2)
ZhicHl, 2EHAZ, ZROBBREBROBOME L TRBE L DD ESHERB EIELR.
(x+y+z2)?=1-2242-2y+2-22+1-y>+2-yz+1-2°

VT FREFREICBOTE, BERXICEE U TRERZTI O ZEANDMHEFH I N TS ERLOHED
KWEHENTRRIC/RD. Z D72, HHHMERBILERXN, #il+ 9 OBE LT Asir @~y LX)V SFIHT]
ELEo TS, ZZT, BOFHHDEZDIZ, WS ONDOZEZRZEHRL THBL.

I8 (term) ZROEM. d4abb, R 1 OHERXDOZ &. Asir ITBWTI,
<<0,1,2,3,4>>
ENVNSBTERIN, £, O TAHTRETHS. ZOHIZ, b BROEZRT. KL% a,
b, c,d, e &35 EZDIEIT bxc 2%d"3%e 4 ZET.
I1E)EFF (term order)
HEMEBLERICBI 2L, ROMEEHZTR2IEFICEDESIINS.
1. fEEDEt ITHL t > 1
2. t,s,u ZIHETBH, t > s 1251F tu > su

Z OWHE T RIET 2 FIEF SRR, COMEFIIERIET (Z%0U A R) SEEFR (%,
U2 b ERITF) K& DIEEEN 5.

HI1E3( (monomial)
HERBDH.
24<<0,1,2,3,4>>

EWIHTERIN, £12, OB TANTAETS 5.
FEEIET (head monomial)

BAIE (head term)
HE{%2%X (head coefficient)

THERBLEACBIT 2 HHERL, HEFICKOEIISNS. ZORIEFRADOHEEXZHEE
HR, ThICBN D, REZ TN TNEE, SEHEKEIER

8.2 77 A I)LDFHMHIAH

TJUVITFREZFHET B0 OEANZERKIT dp_gr_main() 3K dp_gr_mod_main() 723 2 DO
BABEBETH DN, BEIL, NTAYREREERTEDE NS 2RO T I —FEKE W2 OHUER]
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TH5. TNHDI—FEHL, 77 1) ‘gr’ 2 load) KEVFEARAD I LICKDEATEEE RS, ‘gr’
1%, Asir DIEEHES A TS5 UF 4 L7 MUZEBIMTWS. &Ko T, BEEZ% ASIR_LIBDIR 24T R 5/8X
KERELRWVRY, 771NN ADHTHRHAAD I ENTES.

[0] load("gr")$

8.3 EARM/TEHHE

‘er’ TREEL OEBENEBINTWEY, BEiES LV TFREZHETS200 My TLNIUTKRD 3 DTH
%. LAFT, plist 3ZEHKADU X b, viist ZEK (RE7L) @YU R b, order ZARIEFE, p 13 2727 K
DEETH5.

gr (plist, vlist,, order)
Gebauer-Moeller 12 &% useless pair elimination criteria, sugar strategy XU Traverso
1I2& % trace-lifting %27z Buchberger 7 )L T U XA K 5 FEERET L 7 F KRR
B —RICRZOEKREHNS.

hgr (plist, vlist , order)
ANZERXRZERILLZE gr(O OF LT FEEBHAERTICI D BEMAERL, EF R, in-
terreduce L7zd0% gr() OV V7 FEERF v /MTF v 795, 0 KL AT L (fROME
BNAEREOHFERR) OFA, sugar strategy NWMREIEEZBIEREZTHENHS. ZDLD
RGE, strategy ZFRILICK B strategy ICBEMA D Z LICK D REFEEZNHI TS Z &
TE 25800,

gr_mod (plist, vlist, order, p)
Gebauer-Moeller 1Z& % useless pair elimination criteria, sugar strategy ¥ &t Buch-
berger 7)VdU XALIZE D GF(p) R¥T L 7 REFHEEK.

8.4 FEEXURROHIE

TUVTFEEOHEIIBNT, SXITEBNIAIREEZTO LXK VERE, RRzfliHllT2 I &N TES.
INoi, MAAAEE dp_gr_flags() KEKDRESMWI DI LNTES. 5T dp_gr_flags() %
ETT2 L, BIERESNTVENTAZN, LRiEEDOU X N TREINS.

[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]

LT, %85 A% OEKEHIIT 5. on OHEE LI, NTAFH 0 THRVEEERS. THED/KT A
5 DHHIEIRZT 0 (off) TH 5.

NoSugar on O##, sugar strategy Db VI Buchberger @ normal strategy AW SN 5.
NoCriB on OFE, FHERHRIEDS B, HHE B 2@HL RN,

NoGC on OBFE, RNT LT FEERIERSTNEINEINDOTF v J Z2fTbizl.

NoMC on DHFE, FRVBANAT T IVEREDA T TINVTHEINEDINDF v 7 2f7hIsN.
NoRA on DHFF, ¥R % reduced 7' L 7 FHIEICT 572D D interreduce Z17H7R0.
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NoGCD
Top
Reverse

Print
Stat

ShowlMag

Multiple

Demand

on OFE, HERREO VLV T FREHEICBNT, AREINZLERD, R3O content % &
5780,

on M 4E, normal form FHEICBWTHEEHEDAZITD.

on O¥E, normal form FEDEED reducer %, HL < AERINTZHDEELL TESR.

on OHH, FV T FHREFEOBRFICBII 2 I X EREREERT 5.

on T Print % off 7251, Print 4% on O &L ERRINDT—F DN, EitTF—F DANER
INs.

on T Print A% on 72 51X, ERPER I NS EIC, ZOLEAOBREOE Y NEOIEZERRL,
B%IC, ThS OMORKEZFRT 5.

0 TRWEEOR, FEK EOTFRFFEICBNT, REOE Yy NEOFA Multiple £12725
ZEiTREeho GCD NEEEN, £0 GCD TH->~LEX 2T 5. Multiple A8 1
2513, 89 52 L1 GCD FHEMTON—RICIINENEL /2505, Multiple % 2 FEEE
T3 L, ERBEENREICHENS G, SBRNELBRI2EENH 5.

E%T 1 Lo hU£ OUEA) 2EICHEDEE, ARINZZERIABYFIBINT, Z0D
T4 LI NIHIRNAFUF—=F ELTEM, TDZEXZH 5 normal form FEDOK, H
FICAEYHFICO—- RIS, FLEAL, N TOA Ty VA2 T 7 A IVAITRHD T 71
WITHMEI NS, ZZTHRESNZT 1 L7 NUREMEZT 7 IIMZEBNITEEI RN
2%, I—FNELZ2F> THETHILEND 5.

Print 71 0 TRHRWHERDK ST —FNEREIND.

[93]

gr(cyclic(4),[c0,c1,c2,c3],00$

mod= 99999989, eval = []

(0) (0)<<0,2,0,0>>(2,3) ,nb=2,nab=5,rp=2, sugar=2,mag=4
(0) (0)<<0,1,2,0>>(1,2) ,nb=3,nab=6,rp=2,sugar=3,mag=4
(0) (0)<<0,1,1,2>>(0,1) ,nb=4,nab=7,rp=3,sugar=4,mag=6

(0) (0)<<0,0,3,2>>(5,6) ,nb=5,nab=8,rp=2,sugar=5,mag=4
(0) (0)<<0,1,0,4>>(4,6) ,nb=6,nab=9,rp=3, sugar=5,mag=4
(0) (0)<<0,0,2,4>>(6,8) ,nb=7,nab=10,rp=4, sugar=6 ,mag=6
....gb done

reduceall

membercheck
(0,0)(0,0) (0,0) (0,0)
gbcheck total 8 pairs

UP=(0,0)SP=(0,0)SPM=(0,0)NF=(0,0)NFM=(0.010002,0) ZNFM=(0.010002,0)PZ=(0,0)
NP=(0,0)MP=(0,0)RA=(0,0)MC=(0,0)GC=(0,0)T=40,B=0 M=8 F=6 D=12 ZR=5 NZR=6
Max_mag=6

[94]

BANCE R I NS mod, eval 13, trace-lifting THWHSNS1ETH 5. mod 13FEEK, eval BWHEHERREDSE
BITHWLNZHDY A NTHS.

AHRBEF TEZHEANER I NDIBITROBDT —I NRRIND.

(TNF) (TCONT)HT (INDEX) ,nb=NB,nab=NAB,rp=RP, sugar=S,mag=M

TS OEKRIZROED .
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TNF

normal form FHEREH (#)
TCONT

content FtHEIFH ()
HT

AR E N 7= ZIER O FEIE
INDEX

S-ZEXZHR T DLEHADT 25T v IV ADRY
NB

BED, EEERW=EEDOK
NAB

BEF TIERINEZEEDEK
RP

BODORY DK
S

ERRENLERD sugar DfE
M

AR INZLZEADREDOE v NEOF (ShowMag 4% on DRFICERIREINS. )

BRI, BET — I NERRINS. BRIZROBED. (REORRIBWT, BFEN 2 Db 2 bDIF, sHEKM
& GC BHOR7TH5.)

UP
RY DU X S DEAET NN - T ke
SP
BHEE Lo S-ZHEAGHERRH
SPM
A LD S-2IHAGHE R
NF
FHE ED normal form FHERFR
NFM
HPBR{A LD normal form &R
ZNFM
NFM O, 0 AN® reduction 157> 7z K]
PZ
content FtHE IR
NP
FHHEBABEZEROREUIIH T 2 FIATHE O FHE R
MP
S-ZEARZAERT B RT OBHRIT N > 1= K
RA
interreduce F+E R
MC

trace-lifting BT, ANZHKD A >N v TEHHEEH
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GC

WROT VT FREGRBOT LT FREEF v 7 K
T

R I NZRT O
B, M, F, D

#% criterion IZX DBRDNZRT O
ZR

0 iZ reduce XN/=X7 DEK
NZR

0 THRWLIERIZ reduce N7 D
Max_mag

BERENILHAO, BEROE Y FROMODEAE

8.5 IBIEFDFHKTE

HIIWNEHTIE, SEKICET R ERD & THBENY MVELTERBINS. ZEAZ250#EBLEAIC
BT DR, BEBDEDQHFITHIET D2NEEET 200, BRIUANTHS. 51T, TNEBENRY ML
DENEFZEET 2 ONEIFFORTH 5. HIEFEZ, B, BOU A FHLNWRTHITEREAINS.

EARNBEEFHEELTRD 3 Db 5.

0 (DegRevlLex; &RHFEHERXIERF)
—RIZ, ZOEFIZEB T VT FREFHENROBETH D, 72720, FERXZM< LW B
HAWsZ &, —RICIETERW. ZOJEFRICES T VT FEER, MOBEEOHE, 157D
ANy TR0, MOERIEFNDEELMBD /DD —AELTHWSLNS.

1 (Deglex; 2RHFHEXIER)
ZDJEFS, FEERIEFICHANTEEICT VT FHEERD S Z EMNTE SN, DegRevlex EF
HEZTOREEZHNWSZEBRETHS. L, HERNEFOS LT FRHEZRDZBIC, &
KACBICZDNEFTT LT FREEEZRDTNS.

2 (Lex; HERIER)
ZOMEFICK BT LT FRHER, AEXEZM GETHREDOROEEZ G X 2 055t BRI A5 5
DBEDONHKRTHS. KT, MOEREORS, HROBEIMMO TRRRSEERICR 55
BhZN. ZOHA, gr(), hgr() KX FEIMWMD THEMITRDHFENZN.

INSZEZHAEDOETCYANTHRET S I LK, RABHEERIEFPEETES. T,
(roi1,r1]1,o2,r21,...1

THEIND. 011320, 1, 2 OWTNMNT, Li BEROERZEZEXRT. ZOBER, 2EE%EENS L1, L2,
BT ORI, TNENOEEKICEL, EIZ 01, 02, ... DHEEFETR/NSRET HETHIET S &
2EKRT S, ZORMOEFIT—RICHEEERFEEBINS.

IS5, fAFICKVEEFZEET 2 I ENTES. —RIZ, n T m FIOREKTHI M INROUEEEFFDET 5.

1. BEE m OBEANY ML v izl Mv=0 & v=0 [Z[F{E.



H8F: J LTI EKRDEIRE 103

2. FERDZEREDEI m @ 0 THRWEKRANY ML v IZHL, Mv @ 0 TROLWERIIDRMIIEA.

ZDRE, 2 DOXRTZ MV t, s ITHRL, t>s %2, M(t-8) @ 0 TRVWRHIDHRINIEE, TEET DI EITEKD
HIEFNERETES.

HEFEZ, gr() BREDBIEE L THREI N DM, MAABEE dp_ord() THEIN, I EIERHEEDE
TORICEBRINS.

INSONEFDOEARNRERBICS L7 FRHEICET S EICH L WKL [Becker,Weispfenning] /2 &
EEROZ L.

HEFR DRE DI, B OIEFBRBEERMICKREBEEEE5X 5.

[90] B=[x"10-t,x"8-2,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+T70*t " 7+252%t " 6+30%t "5-140%t"4-168*t " 3+2*%t "2-12%t+16) *z~2xy
+(-12%t716+72%t713-28%t"11-180*t"10+112%t ~"8+240%t " 7+28%t "6-127*t"5
-167%t"4-55%t"3+30%t " 2+58*t-15)*z"4,

(y+t~2%z"2) *x+y " T+ (20%t " 2+6%t+1) ¥y "2+ (-t "17+6*%t "14-21%t"12-156*%t~11+84*t"9
+20%t78-35%t"7-126%t"6-15%t "5+70%t "4+84*t " 3-t " 2+5%t-9) ¥z~ 2*y+(6*t~16-36*t"13
+14xt"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) *z"4,
(t73-1) *x-y "6+ (-6%t"13+24%t"10-20*t"8-36%t " 7+40%t "5+24*t "4-6%t ~3-20*t "2-6*t—
1) xy
+(t717-6%t"14+9%t"12+15%t"11-36%t"9-20%t "8-5*t " 7+54%t " 6+15%t "5+10%t"4-36%t"3
-11%t"2-5%t+9) *z"2,

-y~ 8-8xt*y~3+16%z" 2%y 2+ (8%t "16+48%t~13-56*t"11-120%t "~ 10+224*t"8+160*t"7
-56*t"6-336%t "5-112%t"4+112%t " 3+224%t " 2+24*t-56) ¥z~ 4*xy+(t"24-8*t"21+20*t" 19
+28*t"18-120%t"16-56*t "15+14%t~14+300%t~13+70*t~12-56%t~11-400*t~10-84*t~9
+84%t"8+268%t " 7+84%t " 6-56%t "5-63%t "4-36%t " 3+46xt"2-12xt+1) *z,

2xt*y " B+zxy " 2+ (2%t " 114+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%t711+448%t " 8-t "7-32%t "5-6*t "4+9*t"2-t,

—Z*y "3+ (7T -2kt "4+3%t T2+t ) *ky+ (— 2%t T6+4*t "3+2xt-2) *2"2,

2%t " 2%y~ 3+Z " 2%y "2+ (~2%t "5+4*t " 2-6) *z " dky+ (4*t 8-t "T-8%t "5+2xt "4-4*t " 3+5*t "2~
t)*z,

Z" 3%y " 2+2%t "3k y+ (~t T TH+2¥t "4+t 2-1) *¥272,

—tkzky " 2-2%z" 3ky+t "8-2%t "5-t "3+t "2,

—t7 3%y 2-2%t " 2%z" 2xy+ (£ "6-2%t "3-t+1) *z"4,

z"5-t"4]

[93] gr(B,[t,z,y,x]1,2);

[x710-t,x"8-2,x"31-x"6-x-y]

BRIEF [x,y,z,t] TBTFBT7 VLV TFHFEEZ, BREOEBLL, zhzhoXbREW. LrL, JEF
[t,z,y,x] THET, BRI TR VITFHEELRS TS, RETEICWAE, B#EREF T LT FEE
ERDDZ &, EMO (EFOEW) 25, AHO (BFOKRN) ZRTEEXRTILETHD, 2005
B, t, z, y BT x TRINTVNDZENS DK D BURRAERE RS b Th s, EBICHNh 55
BIZBWTIE, ZOXDIGBIREERIEFNHSNTH S Z L3 L, RFFEHIVEREALH 5.
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8.6 FEBA#FHLTHI LV TFHEEHE

gr() RED Ny FLANVERIZ, WIhbd, ANZERY X MCHNSER (RET) &, KU X MIHEN
AR B LT, BHY X MRWEESAHNLERICENTWSHEICE, BB, Z088%E, BEIK
DILELTHES.

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

ZOHITIE, a, b, ¢, d BREAEDITLE L THRbNS. §Tabb, FEERAF = Q(a,b,c,d) ED 2 %%
ERAR Fx,y| TBIZT VT FREREERD D LITRS. ERITREZEE, REBMKRELTHEDRTVWSZ
ETHB. 97805, FREOMICLERNE L TOHBERTFNDH > 251, RN STORFIIRMNTNS
70, BEHEAK LOLERIR LOMEE L TEALGEOBR LT RICIIR RS, £k, LU THESER L
DORED =, HEMEHLERORKE L TEBRICHINIORLERETTHS. Ibb, #R2HEOAH
RIINBEHLEROFRE E L TIEFFEhizn.

8.7 EEZ#

HEREFOT LT FEEEZRDZ5E, B gr() RERZEHTILD, —HMOIEF (FIZIE2REGEES
RIEF) OF LT FREZFELT, T2 ANEL L THERIEFOS L T FREEZFHET 2 HNHRNL N
BEnd 5. £k, ANBFASHDIEFTOY LT FEEICRS TWEHE, BEABEMINDHEKD,
Buchberger 7 VTV XLARKSTRHMERSHEREFOS L T FRENFHETE2HEM1HD. 0L
RERDZDDEEY, T—FEBZEKEL T ‘gr’ KWK ONEFEINTWS. DTO 2 DOEKIE, ZKIE
F vlistl, HEJEFEL order TBRICZ LT FHEK LIRS TNWBHLIERY X b gbase %, 2RIEF viist2 2B
LFHBAXEFOT LT FRECERTIEATDHS.

tolex (gbase, vlist1,order, vlist2)

ZOEEKIL, ghase NEBEK LD AT LADHETOHEATEETH . TOEKIT,
RIEFOT VT FHEEE, AREETHEINEZT LT FREEZHEE LT, REBRRKEBLY
Hensel RRICEXDRDDZHBDTH 5.

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

ZOEEX, #ERXNEFOS LT FHEE Buchberger 7)VTU XLIZEDRDZBDTH S
W, ANID3sBNEFICBT BT LT FRETH DHE D trace-lifting iIZBF 27 L 7 F EEBRAH
OSEE, EEROHEZFAL T, BB VT FREF v 7, AT TIVAINS  TF oy
7 2EKRL TS0, BIZ Buchberger 7)Y XAZ VBT IOMRELKEFHETES. &
12, ANIHY 0 RTES AT LDOHE, HBHIZH S 1 DOHENZIEIEFZ2/H U TRHERIEFO
TVITFREERFGETS. £< 0858, ZOHKL, EEHERIEFOFEZITD K OHENEK
W, (552546943 0. ) 5% homo 7% 0 T/RWKE, hgr() ERRICEX(LZREBL TEHER

L— =

179.

Z O, 0 RIEZ AT LKL, HASNLHAOR/NEERX 2RO DEE, 0 KL AT LOMZ, K03
SN FCRBT D10 DORBIBEN ‘gr’ TERIN TS, INERXDOVWTREZ OREOHHZSHD
Ze&.

8.8 VUL 7FEEKICEAT HEHHE
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8.8.1 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 VT FEEDEE
return UZ B
plist, vlist, procs

JZ b
order ¥, VR MEETH
p 2°27 RGO FK

o EE¥ESATITUD ‘gr’ TEXINTNS.

o WINY, LIEAY X b plist O, ZRIEF viist, HIEFE order BT 57 L TFHEHEERKDS. gr(),
hegr () 13 AR, gr_mod() & GF(p) ¥ &L L TEHET 5.

o viist IIFREITLDY X B, viist IZHNIBWARETTIE, REAKICETSEREINS.

e gr(), trace-lifting (£ 2 FHEBE 2 HWzEmH k) BXU sugar strategy IZ X BEHE, hgr () X trace-
lifting BLUIFXIICL D BIEX 17z sugar strategy ICXBFHE 275

e dgr() i%, gr(),dgr() 2F70tAURX b procs ® 2 DOT O RICK D FIKFICEE I, LIk
BRUIEHOREEEERT. BRIIFA—TH2, E55OHENEEN—BRITIIFRHDZD, EBEOREH
28T 2DICEMTH 5.

o dgr() TERINDHFHNI, ZOEBNETIN TS T OLRATO CPU KHTHD, ZOEKDHE
WBEEAERBEDDORETH 2.

[0] load("gr")$

[64] load("cyclic")$

[74] G=gr(cyclic(5),[c0,c1,c2,c3,c4],2);
[c4~15+122%c4~10-122*c4"5-1,...]

[75] GM=gr_mod(cyclic(5),[c0,c1,c2,c3,c4],2,31991)$
24628%c4~15+29453%c4~10+2538*xc4"5+7363

[76] (G[0]*24628-GM[0])%31991;

0

2 % 8.8.6 ffii [dp_gr_main dp_gr_mod_main|, 109 X—2’ % 8.8.9 ffii [dp_ord], 110 R—.

8.8.2 lex_hensel, lex_t1, tolex, tolex_d, tolex_tl

lex_hensel (plist, vlist1, order, vlist2, homo)
lex_t1(plist, vlistl,order, vlist2, homo)

u HEEHICKSEHENETFS L T FEEORE
tolex(plist, vlistl, order, vlist2)
tolex_d(plist, viistl, order, vlist2, procs)
tolex_t1(plist, vlistl,order, vlist2, homo)

2 JUVTFREEZANET S, BEEABIC L DHHEXETFS LT FREOFHE

return Uk
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plist, vlistl, vlist2, procs

order
homo

JA b
¥, U b EZIZT5
757

o EMESATTUYD ‘gr’ TEREINTNS.

e lex_hensel(), lex_t1() &, £IEKX YU X b plist ®, ZEJEF vlistl, HEEFE order \ZBT 57 L
THREEZERD, Tz, BEIERF viist2 OFERIEFT L T FREKICEHRT 5.

e tolex(), tolex_t1() &, BEJEF vlistl, HIEFE order BT 57 VT FRHETHSHLEAU R
N plist Z22EEF viist2 OFERNEFT L T FEEICERT 5. tolex_d() I, tolex() IIBIT 3,
BEEDFEZ, 77OV AU X b procs DET OV AT HMEIE SRS,

e lex_hensel(), lex_tl() WKHBWTIF, HHFRXIEFI/ L 7 FEROGFHEITROL S IIfTbh .
([Noro,Yokoyamal Z#.)

1.
2.

3.
4.

5.
6.

vlistl, order \CB89 %7 L7 FEIE GO Z5tH T 5. (lex_hensel() DHA. )

GO D&ILD vlist2 \TBT 2FFRIEF BT 2HBEREE S 2nK SaFEK p 2EY, GF(p)
EToBERIEFT LT FRE Gp 25tH T 5.

Gp KEHNZITXTOHED, GO BT HEHE NF 25ET 5.

Gp D& £ IZD&E, f ODRBZERERKT, f OZEZXWET 2 NF OTLTEEHZ, FEHDHREK
Z 0 CEW, RERBICET 2IBHERR Lf 21E5.

Lf 7%, i p T—EBRB2HOZIELZ2HWT Lf 02k p OEMN5 Hensel HERICKOKRDS.
TRTO Gp O DEREHBERBMEI 72 5 ZDMERIRDIHEBRNEFTOS LT FHK.
bL ENDDOREHBRRDORKMICKM LS, p ZEVELTRVET.

o lex_t1(), tolex_t1() iITHBWVTIE, H#ENEFI L 7T FEEDOHEIIROK S IZfrbh 5.

1.
2.

3.

vlistl, order \CBd9 %7 L7 FHIE GO Z5tH T 5. (lex_hensel() DH. )

GO 75 0 RIELAFATRVES, GO ZANELT, GO OETD vlist2 BT 5 EERIEFI
B DHEBEEE S RNK S REH p 28U, p W trace-lifting iIck D EFHRIEFOT LT
FTHREBRMZEZRD, BUREEZRSF v IRLIZENIRDD TV ITFHEERS. HLEKL
o, p BEVDELTRODET.

GO 80 RILIATLDEE, GO ZANELLT, £7, viist2 OREDEHLN Z2HET DHEIE
FICXO T VT FRE GI 2585 L, T oFHERNEFOS L T EEZHETS. 0K, £X
Ty T TR, AJTOETD, RODJEFITB T SHEEEEE SRNWHEKEH WL trace-lifting TS
VI HERMEZRD, BLRESEZSF v 7 RLICENDREDIEFTOT LT FHEEK LIRS,

o HEIAMMEDEEIZ, lex_t1(), tolex_t1() OHZITFIT 5.
e homo 7% 0 TARWES, NETREIEN 5 Buchberger 7))L 3 U XAIZBNWT, FEXRILDfTDNS.

o tolex_d() TERRINDHFFMIZL, ZOEBNEfTINTNSTOEARBWTIThbNZFIRITHRL T
WT, F7 Ot RIBT 2 EMIZE RN,

[78] K=katsura(5)$

30msec + gc : 20msec

[79] V=[u5,u4,u3,u2,ul,ud0l$
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_t1(X,V,0,V,1)8%
31.186sec + gc : 3.500sec
[83] gb_comp(GO,G1);

1
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10msec
[84] gb_comp(G0,G2);
1
2 %% 8.8.6 fii [dp_gr_main dp_gr_mod_main], 109 X—2’, % 8.8.9 ffii [dp_ord|, 110 X—2

BT E [HGEHE], 81 X—

8.8.3 lex_hensel_gsl, tolex_gsl, tolex_gsl_d

lex_hensel_gsl1(plist, vlist1,order, vlist2, homo)
: GSL BRO1 F 7 I EEDEHE

tolex_gsl1(plist, vlist1,order, vlist2, homo)
tolex_gsl_d(plist, vlist1,order, vlist2, homo, procs)

w VT FREEZATET S, GSL BRO1 77 IIVEEDEFHE

return UR bk
plist, vlistl, vlist2, procs
UR b
order B, VX b EEIRTS
homo A

e lex_hensel_gsl() i lex_hensel() @, tolex_gsl() id tolex() DEMT, HROAHNEIRSD.
tolex_gsl_d() 1, EEFEZ, procs THEIND T /O AR BEIEIES.

o AN 0 KRTIATLT, ZORBERIEFS L 7 FHEDN [£0,x1-£f1, ... ,xn-fn] (£0,...,fn 13 x0 D 1
EREER) 1251 (Zh % SL EREER) 285084, [[x1,g1,d1],. .., [xn,gn,dn], [x0,£0,£0°]]
2BUR L (Zhz GSL BREER) 2IKRY. ZIT, gild, di*f0’*fi-gi 43 £0 THEVYND LS
x0 @ 1 AHLIENT, M3 £0(x0)=0 /2% x0 ITH L, [x1=g1/(d1*£0’),...,xn=gn/(dn*f0’)]
L%, HENEFS LV T FRENEDOXS BB TRVWES, tolex() KEXDBEHOS L 7T FHEZKT.

e GSL BRICKVDERINDEKIIT LV T FEE TN, —RITHEED SL BROT LV T FREXD I
WINS WD EHHEL, BHROPT . tolex_gsl_d() TERINDMEMNL, ZORBKNETS
NTVW2 70 RACBNTUTONAFRICHBE L TWT, #7702 IB T 5REIEE EThRWn.

[103] K=katsura(5)$

[104] V=[u5,u4,u3,u2,ul,ull$

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

[106] GSL=tolex_gs1l(GO,V,0,V)$

[107] GSL[0];

[ul,8635837421130477667200000000*%u0~31-...]
[108] GSL[1];
[u2,10352277157007342793600000000%u0"~31-...]
[109] GSL[5];
[u0,11771021876193064124640000000*%u0"~32-...,376672700038178051988480000000%u0"~31-
L]

2 % 8.8.2 ffii [lex_hensel lex_t1 tolex tolex_d tolex_t1], 105 R—, % 7 & [Fr#lEH
H], 81 R—
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8.8.4 gr_minipoly, minipoly

gr_minipoly(plist, vlist, order, poly, v, homo)

m BIERD, 177 INVEHEE LER/NEEROE
minipoly (plist, vlist, order, poly,v)

D JUVTFTREEANET S, LHRAOR/NEEAXDEHE

return ZIHI
plist, vlist U Xk
order 8, URNERIZTHI
poly ZIER
v RRETT
homo 757

e gr_minipoly() X7 V7 FREEDOFHENSTV, minipoly() BZANET LT FHEE AT,

o 1771 kK LDLEAR KX] @ 0 k717 7Ok, Klv] Ot f(v) i< f(p) mod I ZXfjinx
TEHRERBOKIIL 0 TRWEERICKVERINS. ZO4RITTE p O, i I TOR/NSER EIELR.

e gr_minipoly(), minipoly() i, 2HK p DE/NLERZRD, v 2BKET2LEHEAL L TRY.

o BNZEAL, VLT FRED 1 DOGTELTERRETZI LB TEDN, BNEEHADAZRDZNEE,
minipoly (), gr_minipoly() {37 L 7 FHEK%E W5 HIEITHRTHRAL L.

e gr_minipoly() IZIEETHENEF &L T, BHESRBYFERIETZ2HN5.

[117] G=tolex(GO,V,0,V)$
43.818sec + gc : 11.202sec
[118] GSL=tolex_gs1l(GO,V,0,V)$
17.123sec + gc : 2.590sec

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

2 %% 8.8.2 ffii [Lex_hensel lex_t1 tolex tolex_d tolex_t1], 105 X—.

8.8.5 tolexm, minipolym

tolexm(plist, vlist1, order, vlist2, mod)

7% mod TOREBEEMICKD T LT FHREEGE
minipolym(plist, vlistl,order,poly, v, mod)

%k mod TOY VT FEEICLSLZEROR/NEEXDEIE

return tolexm() : U X b, minipolym() : ZIHI
plist, vlistl, vlist2

UZ b
order 8, URNELIZTHI
mod FE

o AJ1 plist iV hd BEIEF viistl, HIEFE order, % mod IZBF 27 L7 FRETRIFIUIRS
VAR
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e minipolym() I¥ minipoly IZxHid % 5HE 23 mod T 5.
o tolexm() I¥ FGLM {EICKHEELMICKD viist2, FEEREFICLDT VT FREZFET 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);
z"32+11405*%z"~31+20868*%z"30+21602*%z"29+. ..

2 % 8.8.2 fii [lex_hensel lex_tl tolex tolex_d tolex_tl], 105 X—, %5 8.8.4 i
[gr_minipoly minipoly], 108 X—3.

8.8.6 dp_gr_main, dp_gr_mod_main

dp_gr_main(plist, vlist, homo, modular, order)

dp_gr_mod_main(plist, vlist, homo, modular, order)

w TV TFREOFE (HAAHER)

return UZ B
plist, vlist U X b
order 8, URNELIZTHI
homo 757

modular 757 E£REFEEK

o ZNLDEKI, VLT FEEFEOREANMEAAAEETHD, gr(), hgr(), gr_mod () /REIFTTN
TINSOERKZNFUTHL TEHHEZTT>TVS.
e 7572 homo M 0 TRWE, AN1&FRILL THS Buchberger 7))V TVU XL EEITT 5.
e dp_gr_mod_main() XL T, modular 1%, GF(modular) ETOEEEEKT 5. dp_gr_main()
12X U T, modular 1RO KD R EHKRERD.
1. modular %% 1 OF, trace-lifting iICXB5HE 2175, FERKII 1prime(0) N SIEICKINT B X T
lprime () ZIFUNH L TAHERT 5.
2. modular 7% 2 DA EO BB DK, ZDEZEFREAIR LT tracelifting 2175, TOHRKLTRK
LizHa, 0 2R
3. modular & DL, -modular 1T U T EROHEANAMEH S N 503, trace-lifting D A& D
TJUVTFREF v I EATTIVAINS Y TF oy I NEKINS.
e gr(P,V,0) ¥ dp_gr_main(P,v,0,1,0),hgr(P,V,0) iXdp_gr_main(P,V,1,1,0), gr_mod(P,V,0,M)
¥ dp_gr_mod_main(P,V,0,M,0) Z2ZNZTNETT 5.
e homo, modular DI, dp_gr_flags() TREIND I EIERT IV X VEHEMNHIHEINS.

g % 8.8.9 #i [dp_ord], 110 X—=2’, % 8.8.8 i [dp_gr_flags dp_gr_print], 110 X—2,
% 8.8.1 ffii [gr hgr gr_mod]|, 105 X—<, % 8.4 fi [FHEB XUORROHIH], 99 X—.

8.8.7 dp_f4_main, dp_f4_mod_main

dp_f4_main(plist, vlist, order)

dp_f4_mod_main(plist, vlist,order)
2 FA7ZNTVXLREBT VT FREOHE (HAAHEE)
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return UX bk
plist, vlist U Xk
order 8, UX MERITHI

o FA7ZNIV ALKV VT FREDHERZITS.
o F4 7)LTU XA, J.C. Faugere IC X DIREINAHMRT L T FREEETH O, ALK, FEFE
REHIC L DRI ARk E WA EETHS.

o SIEBLUBEEIIZNTN dp_gr_main(), dp_gr_mod_main() LK TH 5.

2l % 8.8.9 i [dp_ord], 110 X—=’, % 8.8.8 i [dp_gr_flags dp_gr_print], 110 X—2,
% 8.8.1 ffii [gr hgr gr_mod]|, 105 X—<, % 8.4 ffi [FHEB XUORROHIH], 99 x—.

8.8.8 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([0]1])

u AHEBIUERHANT XY OHRE, B3R

return REM
list U2k

e dp_gr_main(), dp_gr_mod_main() ETRICBIT BT LT EBNIAY2RE, BRI S.

o SN NGE, BEORENEINSD.

e 5%, ["Print",1,"NoSugar",1,...] BBBOURXNT, ENSIEICHEINDS. /NTAYHIIXL
FHITHZDNEND 5.

e dp_gr_print () 1%, FIT/NT A% Print OEZEHEFRE, ZHTE%. ZNZ, dp_gr_main() 2 &
ZYHTIN—F 2 ELTHWSI—FEEICBWT, Print Q2R T, 20U T —F > BHFREBEHROE
SRRSO, BT TS R RB T LN TEBES RSN TIND.

i % 8.4 i [FHREBIUORROHITEH], 99—
8.8.9 dp_ord

dp_ord([order])
m BEIEFEORE, SR

return ZHEIEFE (B, U X N ERIZTH)
order 8, UX MERITHI

o SIENd DI, BEIEFEZ order ITHRET 5. BIENBVE, BEREINTVWEEREFEZIRT .

o NPHIRFLERICHAT IR, MHERSIHREL TEREFHZ LL2bDELE5RNVDBDONHD, £5720N
HOWEL T, TORETREINTWAEZHWTEHENTDONS.

o gr() &, 5IBELTERKEFEZ L5 HDIE, NEBT dp_ord() ZMUHL, ZERIEFE2HET 5.
ZOBRER, FHEETHRDEERS.
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o NHERHLERXOMANEES, RESNTVSEZAVTEHEINS. /o T, TOLEANERI N
R RIC BT 22 EEF R, MARERICEL S FEE I TOWARTUI RS RV, £k, HENRERS
ZIER, F—OEHIEFRICE DONWTERINZDDTRITFNI RSN,

o by T L NIVEEUNOEEZEZIFCHTHEAICE, ZORBICXVEREFEZELSRELRITN
A=A

[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>>

S 95 8.5 i [JHIEFO&E], 102 R—

8.8.10 dp_ptod

dp_ptod(poly, vlist)
w ZEAZ P BRBLERNCERT 5.

return PRI LIER
poly ZIER
viist JX K

o EHESF viist B X UBEOERIEFRICARE > THREHLERICERT 5.
o vist KEFNBRWRETLE, REKICET 2L L TERINS.

[50] dp_ord(0);

1

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

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

[62] dp_ptod((x+y+z) "2, [x,y1);

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

2 % 8.8.11 i [dp_dtop], 111 X—2’, &5 8.8.9 i [dp_ord], 110 X—2.

8.8.11 dp_dtop

dp_dtop(dpoly, vlist)
w PHERBALEANEZZHACERT 5.

return ZIER
dpoly ST BRBLEA
vlist Uz b
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o NHERIRALZERZE, FALNEZAETY A MZHWTELHATESRT 5.
o RELY R ME, BESHHRFHLEROEROERE—HL THHIIMTH L.

[63] T=dp_ptod((x+y+z)~2,[x,y]1);

(1) *<<2,0>>+(2) ¥<<1,1>>+ (1) *<<0,2>>+ (2%z) ¥<<1 ,0>>+(2%z) ¥<<0, 1>>+(z"2) *<<0, 0>>
[54] P=dp_dtop(T, [a,b]l);

z"~2+(2%a+2%b) *z+a "~ 2+2*b*a+b"2

8.8.12 dp_mod, dp_rat

dp_mod (p, mod, subst)

i AEBRE S BERBRLEK O RIEFREAN DL
dp_rat(p)

i A BRARRE T BERE L IHAK OB/ B RB A DL H

return SEEHLIER

p FEIFEFLIEN
mod E3
subst Uk

e dp_nf_mod(), dp_true_nf_mod() ¥, AHE L THBRKREOSHERLERZLEELTS. 20k
D756, dp_mod () X D ABEBRB I MERBLEAZERL THWDL I ENTES. ki, BNk
R, ARARREZEAERBHEETE 20, FEERBSLEASZEE TERWEY, dp_rat() 1T&
DEWT DNENDD.

o HIRARBOEEICBNTIE, H50 LY setmod () KK D FRAEDTOER ZHEE L THBLENH D.

o subst 1, REVEHEROBRE, TOFERDOLEEICH 5N UDEERALBEREKRERICERT S &
WHBEZTOBO, RAHEZIEET5HDT, [[var,valuel,...] OFBOUXRTH 5.

2 % 8.8.15 i [dp_nf dp_nf_mod dp_true_nf dp_true_nf_mod], 113 XR— % 6.3.11 i
[subst psubst], 43 X—, 5 6.1.15 ffii [setmod], 35 R—.

8.8.13 dp_homo, dp_dehomo

dp_homo (dpoly)

n PHERBRLZEXOF LKL
dp_dehomo (dpoly)

i AR BEBRLERXDIEF R

return DRI LIER
dpoly STHERBLIEX

e dp_homo() 1, dpoly ® &I t IZDWT, fEARZ MLoEX %2 1 I L, BEORIOEE d-deg(t)
(d 1 dpoly O&R¥k) &Lz HEHLERZIEKT.

e dp_dehomo() %, dpoly DHIEIIDNWT, RN MVOREBORSZROBRWEZ0BEERZET.



w8 E: J UV T TITERKDEIR 113

o WIND, ERINALZEAZHWLHREZTOBE, TN S CHEEGTLHEEFZEL RET 2L
b5.
e hgr() RERBNT, NEHICHNHNSNTNS.

[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>>

2l % 8.8.1 ffii [gr hgr gr_mod]|, 105 X—3.

8.8.14 dp_ptozp, dp_prim

dp_ptozp (dpoly)

vOEREL TREEBERENDBREOEE GCD 2 1 127 5.
dp_prim(dpoly)

w AHEHAE L TREZBERRESEARE DR 0LERX GCD 2 1 127 5.

return FEIFRF LI
dpoly S BRBZLEA

e dp_ptozp() 13, ptozp() ITHYT HEIEZSBERLHERIH L TS . BESZERZEDHE, %
BICE TN 5 LEALBERFITED RN,
e dp_prim() I, RENLERZEDHE, REICEENSZEALBERFE2ROERL.

[208] X=dp_ptod(3*(x-y)*(y-z)*(z-x),[x]);
(=3%y+3%2) *<<2>>+(3%y"2-3%272) ¥<<1>>+(—-3*z*y " 2+3%2" 2%y ) ¥<<0>>

[209] dp_ptozp(X);
(—y+z) *¥<<2>>+ (y 7" 2-2"2) *<<I>>+ (~zxy " 2+2z" 2% y) ¥*<<0>>

[210] dp_prim(X);
(1) #<<2>>+ (—y-2z) *<<1>>+ (z*y) *<<0>>

2 % 6.3.17 i [ptozp], 47 X—.

8.8.15 dp_nf, dp_nf_mod, dp_true_nf, dp_true_nf_mod

dp_nf (indexlist , dpoly, dpolyarray , fullreduce)
dp_nf_mod (indexlist , dpoly , dpolyarray , fullreduce , mod)
u MBERHAZEXDOEREEZRD S, (HRIIEBMBZINTNSAEED D)
dp_true_nf (indexlist, dpoly, dpolyarray , fullreduce)
dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce , mod)
w HHMEBLZEXOEREEZRD S, (BEOKEE [T, /78] OBTIRY)

return dp_nf () : HEERHELIEX, dp_true_nf() : YX
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indexlist U X bk
dpoly STHERBLER
dpolyarray

52

fullreduce 757

mod

B3

HEHRZIER dpoly DIERFEZRD S.

dp_nf_mod (), dp_true_nf_mod() D AMNIE, dp_mod() 72 EICL D, HRAE LD BEHLERIC
8o TWRITFhLR 5730,

WRICHEYE, AEXNEEND 02T 520, dp_nf ) BEOEOEREOEZET. FEIURKD
Ba D dp_nf_mod() HERTHD 570, REMANERAEDIEEG dp_nf_mod() IZEDEZIXT.

dp_true_nf (), dp_true_nf_mod() &, [nm,dn] 25D U X N&KT. /L, nm 3HEEICH
B, AERX2EERVWAIBERBALER, dn 3EEZIZZLEAT nm/dn BREDHELIRS.

dpolyarray 37 #MERBELEX 2 EHE LT DT b, indexlist I ZTEHLEREICHWS dpolyarray @
HRDOA Ty I ADY X b.

fullreduce 78 0 TRWEZ L TDIEIZKH LU TERKZTS. fullreduce 78 0 O & EFEED HITx L THEH

z211>o.

indexlist THRE S NLEHKIL, BIOH DD DBMELENITHEDNS.

—#&12i3 indexlist D5 ZFITK O EBROMEII RSB REMENH 50, 7 LT FREEICH L TIE—EMIC
EED.

BRI TRVWEE S NEZEAERICX D ERBEZZECRO 2 BENH L5 RITEFNTHS. B—0H
HIZBL T, p_nf, p_true_nf ZHW5 & XK.

[0] load("gr™$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

[71] V=[uO,ul,u2,u3,u4l$

[72] DPi=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+u4d)~2,V)$

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

ud "2+ (6*xu3+2*xu2+6*ul-2) *ud+9*u3d3~ 2+ (6*u2+18*ul-6) *uld+u2"2+(6*ul-2) *u2+9*ul " 2-
6*ul+l

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

-5%ud "2+ (-4*xu3-4*u2-4%ul) *ud-u3"2-3*xu3d-u2"2+(2*%ul-1)*u2-2%ul ~2-3*ul+i

[78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-1138087976845165778088612297273078520347097001020471455633353049221045677593
0005716505560062087150928400876150217079820311439477560587583488*xu4"15+. ..
[79] dp_dtop(dp_nf([4,3,2,1,0],T,DP2,1),V);
-1138087976845165778088612297273078520347097001020471455633353049221045677593
0005716505560062087150928400876150217079820311439477560587583488*ud~15+. . .
[80] @78==@79;

% 8.8.11 i [dp_dtop|, 111 X—, 5 8.8.9 i [dp_ord]|, 110 XR—, 45 8.8.12 i [dp_mod
dp_rat]|, 112 X— % 8.8.26 fi [p_nf p_nf_mod p_true_nf p_true_nf_mod], 120
Ry,
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8.8.16 dp_hm, dp_ht, dp_hc, dp_rest

dp_hm(dpoly)
n BEEIEXZHD K9
dp_ht (dpoly)
w BHIEZRD Y.
dp_hc (dpoly)
n BRRECZED Y.
dp_rest (dpoly)
» BHBIEXZ RO BRWZKRD 2IK7.

return dp_hm(), dp_ht (), dp_rest ) : /HEEHLIEX, dp_hc() : EEHITLE R
dpoly T HERBIZH

o INLid, MBRALEXDOKEFZMOHTZODOHMTH 5.
o NMHERBIZLIER p ITH LR ILD.

p =dp_hm(p) + dp_rest(p)

dp_hm(p) = dp_hc(p) dp_ht(p)

[87] dp_ord(0)$

[88] X=ptozp((a46~2+7/10%ad6+7/48)*u3~4-50/27*a46~2-35/27*a46-49/216)$
[89] T=dp_ptod(X, [u3,ud,ad6])$

[90] dp_hm(T);

(2160) *<<4,0,2>>

[91] dp_ht(T);

(1) *<<4,0,2>>

[92] dp_hc(T);

2160

[93] dp_rest(T);

(1512) *<<4,0,1>>+(315) *<<4,0,0>>+(-4000) *<<0,0,2>>+(-2800) *<<0,0,1>>
+(-490) *<<0,0,0>>

8.8.17 dp_td, dp_sugar

dp_td(dpoly)

 BHIHOZRBZIKT.
dp_sugar (dpoly)

n ZIEAD sugar 2R

return HARE
dpoly DRI LER
onoff 757

o dp_td() 1, EHHDOEXE, JabEH/EROERDOFZET.
o NTHRBIZEANEREND &, sugar EIHINDSH2BEMMTEEIND. ZOEE RKIEEFITERIELL
TR LB ITRERDFDOERBOME LS.
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o sugar i, 7 LT FREFEICBT S IEHREHDOEROR NS TP 2RET 5720 DEERIRE L1325,

[74] dp_ord(0)$

[75] X=<<1,2>>4<<0,1>>$
[76] Y=<<1,2>>4<<1,0>>$
[77] Z=X-Y;
(-1)*<<1,0>>+ (1) *<<0,1>>
[78] dp_sugar(T);

3

8.8.18 dp_lcm

dp_lcm(dpolyl,dpoly2)
w RANVAREIEZRT.

return HEEBLIER
dpolyl, dpoly2
SEEHLIER
o TNTNOBIEDHEEDR/NAFIEZIERT. X1 Ths.

[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1) *<<5,4,3,4,5>>

2 % 8.8.26 i [p_nf p_nf_mod p_true_nf p_true_nf_mod], 120 X—.

8.8.19 dp_redble

dp_redble (dpolyl,dpoly2)
i BHIEE S UVEBRTIRED E D AR5,

return B
dpolyl, dpoly2
TR ZH

e dpolyl OSEEN dpoly2 OIEETE O YINIUL 1, o nizidiul 0 2&7.
o ZIEAXDENETOM, EQHZMEHNTEANEZHETDITHNS.

[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
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2 % 8.8.24 fii [dp_red dp_red_mod], 118 R—.

8.8.20 dp_subd

dp_subd (dpolyl,dpoly2)
n BHIHOBHIEAZERT.

return DRI LIER
dpolyl, dpoly2
SR 2 H

e dp_ht(dpolyl)/dp_ht(dpoly2) #Kk® 5. #EROBEEKIL 1 TH5.
o FVYNZZILEMHENUDDN O TNDIRENDDS.

[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)*<<0,1,1,1,1>>

2l % 8.8.24 fffi [dp_red dp_red_mod], 118 R—.

8.8.21 dp_vtoe, dp_etov

dp_vtoe (vect)

i HEBANY MV EIHICZE W
dp_etov(dpoly)

n BHIEZRRANY MVICE#R

return dp_vtoe : HIERFLIELK, dp_etov : X7 MV
vect N7 MV
dpoly S BRBLEA

e dp_vtoe() i%, X7 ML vect 2RI MV ETDIHZERKT 5.
o dp_etov() &, HHEIHLIER dpoly OHEEDIER XY MLVEXRT MVICERT 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>>

8.8.22 dp_mbase

117
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dp_mbase (dplist)
:: monomial FEEDEHE

return FHEHLERXDOU X
dplist BRBHLEADOU X b

o HBEFTTVIFRHELEBODTVWLLEAESGD, TOEFICETSHEWEHTH S dplist 1IZDON
T, dplist % K[X] HTHERT ST 7V I 58 0 Kook, K LERRITHEBZERTH S K(X]/I D
monomial IZXBHEZKRD .

o BENEEEOMERN, K[X]/I © K-H2EmME L TORTIE L,

[215] K=katsura(5)$

[216] V=[u5,ud4,u3,u2,ul,ull$

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

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

[219] map(dp_ptod,dp_mbase(H),V)$
[u0°5,ud4*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*ul0~2,u3*u0"2,u2*u0"2,ul*u0~2,u0"3,u3"2,u2*xu3,ul*u3,
ul*u2,ul"2,ud*ul,ud*ul,u2*ul,ul*ud,u0"2,ud,uld,u2,ul,ud,1]

2 % 8.8.1 ffii [gr hgr gr_mod], 105 XR—3.

8.8.23 dp_mag

dp_mag(p)
D REOEY hROMZEIRT

return ¥

p PHERHIZIEX

o NHEHLEROBREKICHNZAHEKICOE, TONRNT (BROBEINT) OEY NEOKRMZIERT.

o MRLEBDZLZLEADKZIDOHRELTHITHS. KT, 0 KILT AT LAIRBW TR AREIFRSHEE
120, BRAERSNSLEHANMBEIFREZEZ L THENESNDOHEITRLD.

e dp_gr_flags() T, ShowMag, Print # on KT3I LICXVBRPARINZZEHEAITLNT S
dp_mag() DEZRL I ELNTES.

[221] X=dp_ptod((x+2*y)~10, [x,y]1)$
[222] dp_mag(X);
115

2 %% 8.8.8 i [dp_gr_flags dp_gr_print], 110 XR—3.

8.8.24 dp_red, dp_red_mod

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

i —[E OEHIERLE
return UX b
dpolyl, dpoly2, dpoly3
THERBLER
vlist Uk
mod FE

e dpolyl + dpoly2 72558 &BZEKX%Z dpoly3 T 1 [FHIfEiKT 5.

o dp_red_mod() DANIX, RTHRBERBRBICERIN TVWIREND S.

o RIINBIEIX dpoly2 OEETH 5. #> T, dpoly2 DIEIEA dpoly3 OEEETEIVYINS Z Ehd
SN TBHDLN > TWRITIUIR S R0,

o SIEMNEBEABOR, B, 2BSBENBZVWKS, B a, b, TH t IT&XD a(dpolyl + dpoly2)-bt
dpoly3 LU TEHREINS.

o #E%IZ, [a dpolyl,a dpoly2 - bt dpoly3] 2%V X N TH 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>>

[168] 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>>]

2 % 8.8.12 i [dp_mod dp_rat], 112 X—3.

8.8.25 dp_sp, dp_sp_mod

dp_sp(dpolyl,dpoly2)
dp_sp_mod (dpolyl,dpoly2, mod)
n S-ZHADFEHE

return TR ZH
dpolyl, dpoly2

STHRBLIER
mod FE

e dpolyl, dpoly2 ® S-ZERZFHT 5.
e dp_sp_mod() DANZ, & THEREKRBICEBREINTNILNENDS.
o MERICHER, AEANAZDEMITZ70, MENERLE, HEVELEHAEEINTHSAEEND 2.

[227] X=dp_ptod (x~2*y+x*y, [x,y]);
(1)%<<2,1>>+ (1) *<<1,1>>
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[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>>

2 % 8.8.12 fii [dp_mod dp_rat], 112 R—3.

8.8.26 p_nf, p_nf_mod, p_true_nf, p_true_nf_mod

p_uf (poly, plist, vlist ,order)
p_nf_mod (poly, plist, vlist, order, mod)

i REZEAXOERBZRDD. (FHRIIZELBINTHLHREEDHD)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist ,order, mod)

i REZERNOERBZRDS. (HOKRE [T, 78] OB TKY)

return p_nf : ZIEK, p_true_nf: UX b

poly ZIER

plist,vlist U X b

order 8], YR MERITHI
mod FH

‘gr’ TEEINTNS.
o ZIHAD, LHAY A MIKXDEHFZKRDS.
e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf_mod iIZ¥T 51 >F¥ Tt —RATH5.

e poly BXU plist 1, BRIEF viist BRUOELIEFE otype IZH#> THMEBRLEAITEHR I N,
dp_nf (), dp_true_nf (), dp_nf_mod (), dp_true_nf_mod() ITFEZIN 5.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf_mod() I fullreduce 7% 1 THULHIN .
o MERIFZEAICEHMEINTHAIZINS.
e p_true_nf(), p_true_nf_mod() OHFIZBEIL T, dp_true_nf (), dp_true_nf_mod() DIE%

[79] K = katsura(5)$
[80] V = [u5,ud4,u3,u2,ul,ull$
[81] G = hgr(K,V,2)$
[82] p_nf(K[11,G,V,2);
0
[83] L = p_true_nf(K[1]+1,G,V,2);
[-1503...,-1503...]
[84] L[O]/L[1];
1
S % 8.8.10 i [dp_ptod], 111 X—, 4 8.8.11 i [dp_dtop], 111 X—, 5 8.8.9 i [dp_oxd],

110 R—>’, % 8.8.15 i [dp_nf dp_nf_mod dp_true_nf dp_true_nf_mod]|, 113 X—.
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8.8.27 p_terms

p_terms(poly, vlist, order)
 ZEACHOSONDHIFEZY A MTT 5.

return Uk
poly 2
vlist UX bk
order ], URXNERZTHI

o ‘gr’ TEFRINTND.

o ZIERZHIEICEMLAERIIHNSEZY X MIUTRT. viist BED order 2LV EXZHEIEFITE
0, JBFOENSDNY X FDEEHEIIEKSLDITY—FEND.

o VL T7FREEZIUVIUIREMNEKRICRS72D, EEICEQHENFENTVWSDONE RS0 EITHNS.

[233] G=gr(katsura(5),[u5,u4,u3,u2,ul,u0],2)$

[234] p_terms(G[0], [u5,ud,ul,u2,ul,ud],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]

8.8.28 gb_comp

gb_comp (plistl, plist2)
w ZEHAU XM, FEEROVTESGELTEHELWLAE I MRS,

return 0 £7213 1
plist1, plist2

e plistl, plist2 IZTOWT, FEEZRVWTESGELTELWVLMAESI DNFRS.
o BIRDHETROLT VT FHER, REQIEF, FERNRE2BENHD, ThoNFELVNEI N E
FARDI=DITHNS.

[243] C=cyclic(6)$

[244] V=[cO,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

8.8.29 katsura, hkatsura, cyclic, hcyclic

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

w ZIHEAU X MDOAER
return JX bk
n B

e katsura() iJ ‘katsura’, cyclic() I& ‘cyclic’ TERINTNS.

8.8.

TUVTFEEGFETUILET AN, XROFIY—=JIZTHVSNS katsura, cyclic BEUIZDOF XL ZE
Y B.
cyclic i3 Arnborg, Lazard, Davenport 2R EDHTIHINSD Z &6 H 5.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(5);

[u0+2*ud+2*u3+2*u2+2*ul+2*ub-1, 2%ud*u0-ud+2*xul*ud+u2~2+2*ub*ul,
2*%u3*u0+2*ul*ud-u3d+(2*%ul+2%ub) *u2, 2%u2*u0+2%u2*ud+(2*ul+2%ub) *ud3-u2+ul~2,
2*ul*ul+ (2*u3d+2*ub) *ud+2+u2*u3d+2*ul*u2-ul,
u0"2-u0+2*ud "~ 2+2*xu3"2+2*xu2"2+2*ul~2+2*xu5"2]

[90] hkatsura(5);

[-t+u0+2%ud+2*u3d+2%u2+2*xul+2*ub,
—ud*t+2*%ud*u0+2*ul*u3d+u2”~2+2*%ub*ul , —ud*t+2*xu3d3*u0+2*ul*ud+(2*ul+2*ub) *u2,
—u2*xt+2*u2*u0+2*u2*ud+ (2*ul+2*ub)*u3d+ul~2,
—ul*t+2*ul*ul0+ (2*u3d+2*ub) *ud+2*xu2*u3d+2*ul*u2,

—u0*t+u0~2+2%ud ~2+2%u3"2+2*u2" 2+2*ul " 2+2*u5"2]

[91] cyclic(6);

[c5*c4*c3%c2%clxc0-1,
((((c4+ch)*c3+ch*cd) *xc2+cbxcd*c3) *cl+chbkcd*c3*c2) *cO0+ch*cd*c3*c2*cl,
(((c3+ch) *c2+chb*cd)*xcl+chxcd*c3) *xcO0+cd*xc3*c2*xcl+chxcd*c3*c2,
((c2+cb)*cl+cb*xcd) *cO0+c3*c2*xcl+cd*c3*c2+chkcd*c3,
(c1+cbh)*cO0+c2*cl+c3*c2+cd*c3+chb*cd,cO0+cl+c2+c3+cd+c5]

[92] hcyclic(6);

[-c~6+ch*cd*c3*xc2*cl*cO,
((((ch+c5)*c3+ch*ch) *c2+c5*xchd*xc3) kcl+cb*xcd*c3*c2) *cO+c5xcdxc3*kc2*cl,
(((c3+ch5)*c2+ch*cl) *xc1+c5*xcd*c3) *cO+cd*rc3*c2*cl+chb*xcd*c3*c2,
((c2+ch)*cl+chb*cd) *cO+c3*c2*xcl+cd*c3*c2+chxcld*c3,

(c14cbh) *cO0+c2xcl+c3*c2+cd*c3+chb*cd,cO0+cl+c2+c3+cd+c5]

% 8.8.11 i [dp_dtop], 111 R—2.

30 primadec, primedec

primadec (plist, vlist)

primedec (plist, vlist)

2 AT 7 IO R
return
plist E2-E S
viist YU Z B
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primadec(), primedec I ‘primdec’ TEEINTWNS.
primadec (), primedec () I ZNZTNHEEEAEK L TOA T 7 IV OMRERGE, REDHEA T 7 I ifE%E

P

172.

BIEIZZERY A MNBIUEEU A N ThHS. LEAIFEEBEOANFINS.

primadec I3 [#EHRR5, HEFRA T 7] U X REERT.

primadec i3 FRFDOUY X F &Y.

BRIIBOT, ZHRXUVZAMELTERRINTVEEA T 7IVIZLETT LT HFEETHS. i d 2 IH|E
i, = FNZ % PRIMAORD, PRIMEORD IZHMIN TS,

primadec |3 [Shimoyama,Yokoyamal D¥ERNMET I TU XL EREL TS,

b LERTFOAZERDIZNRS, primedec 25 FBKW. T3, ANA T T IVIKREA 577 )V T/
WIBEIZ, primadec DFFREICRD BRI MRV ELERLGFENHEINETH 5.

[84] load("primdec")$

[102] primedec([p*q*x-q~2%y~2+q~2%y,-p~2%x"~2+p~ 2*x+p*q*y,
(Q~3*y~4-2%q~3*y~3+q~3%y~2) *x-q"3*y~4+q~3*y"3,

-qQ 3%y ~4+2%q~ 3%y~ 3+(-q"3+p*q~2) *y~2], [p,q,x,y]);
[ly,x1,[y,pl,[x,q],[q,p], [x-1,q], [y-1,p], [(y-1)*x-y,q*y~2-2*q*y-p+ql]
[103] primadec([x,z*y,w*xy~2,w"2*y-z"3,y"3], [x,y,2z,w]);
[[[x,z*y,y"2,w"2*xy-z"3], [z,y,x]], [[w,x,z*y,z"3,y"3], [w,z,y,x]]]

%5 6.3.14 i [fctr sqfr], 45 R—, 5 8.5 i [HEFDFE], 102 R—.
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9 RFEKICEET S EE

9.1 {HHIBDKRIA

Asir IZBWTE, REAEVWIHRIIERINALZWN., AL RELTEREIND DX, REMNKTH 5.
REART, FEEAIC, REMNEZ2ERBEIERRFMU A E L TREMICEZEINS. Hil-aRE0T, A1
BBIOINEFTEBRIN-RBOBOLERZ2REETS 1 2E2ERZERLEREL TESRIND. U
T, H2EBELHERORE L TEBIN-REWEZ, root EFERZEICT 5.

[0] AO=newalg(x~2+1);

(#0)

[1] Al=newalg(x~3+A0*x+A0);
(#1)

[2] [type(AO0),ntype(A0)];
[1,2]

ZOFHITIE, A0 13X x~2+1=0 O, A1 1X, ZD A0 ZFREITED x"3+A0*x+A0=0 DR E L TEHEINT
w5,

newalg() OFIEKTRBOEERLEHRIILRD K S RN D 5.

1. ERZENZ 1 ZRSLEATRITRS 20N,

2. newalg() D5 THHEHRLEARR, RENEZZORNOBHEMADOZDICHNVWENS. ZOEHE(KIT,
HARAAEE srem() KHYTHINHIIN—F > 2HNTITbNS. 00, EBEZEXROEREIL, &
HEITR > TWALEND 5.

3. ERZERORENL I TRERINTNS root OFEEMRELEATRITNI RS0,
4. EHKZEAL, ZORKICETENDL2TO root ZHEEITHEML & ETEERTRITNUI R 5720,

newalg() 2MTOBIEF v 7id, 1 BLXU 2 0ATHS. I, 5IBOEBRLEROENEEZE F oy /X
nizn, ZHIBEIEOF 2y VNS RBEFTHEEEZVEE TS50 T, ZORIEL TR, 2—YOoELIES
NTNn5B,

—H newalg() ITX> TERINALAREHET, HELTO#MAFZERES, £z, BOFTIIRBHEKELT
DFANFEFED. (type(), vtype() BHR.) 51, FEE L, root DFEKX S FRKICREEIER E722

[87] N=(A0"2+A1)/(A1°2-A0-1);
((#1+#0°2) / (#1°2-#0-1))

[88] [type(N) ,ntype(N)];

[1,2]

Bl 5B E ST, rootid #n EXFEINS. UL, 1—FIIZ OB TIRANTERN. root I3ERICHK
MUTHWBD, 50T alg(n) KLV HT. I, PRIIES 578, &< F UK (ZRIRES T
THEW) L&D newalg() ZIEAE, H L OAKIEIIER SN T B ERINZLONEENS.

[90] alg(0);
(#0)
[91] newalg(t~2+1);
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(#0)
root DEHELENIL, defpoly() ICXVED HES.

[96] defpoly(AO);
t#072+1

[97] defpoly(Al);
t#173+t#0xt#1+t#0

ZZTHN, t#0, t#1 13TNTH #0, #1 [THIETHIRETLTHS. NS bI—YFNAHNTHZLIITE
2. var () THEO TS, H20WiE algv(n) ITKDED HT.

[98] var(@);
t#1l

[99] algv(0);
t#0

[100]

9.2 REMHDEE

AIET T, BB ORE, ERICDOWTHRANZ., 22T, REMEKZHWZEEICDOWTEARS. REEIEIC
BAL T, MAAABBE L TIREINTVDHEEITT DT, KFSMTI—PFEREBICKDEBREINT
Wb, 7713, ‘sp’ T, ‘gr’ LKk Asir OFES A TS5UFT 1 L7 MUBINTNS.

[0] load("gr™)$
[1] load("sp"™$

HBNIE, WITHNWSE 5T, ‘$HOME/ .asirre’ IZENWTHBLDH I,

root I TOMOE LR, MARRENEEERS. L L, EHELERAICXAHEMIEHNICIfTbNR
WOT, I—HFOHB THETORTIUIR S RN, FIT, 280 0 KRG CHMNRLTI— L5k,
ERICHRZE R DODREEZ AR T 558 IO OERNBE LS.

REEIE D, EELERIT K 5B HEIX, simpalg() TTH.

[49] T=A0"2+1;
(#072+1)

[50] simpalg(T);
0

simpalg() WHBEROBE LERKNEE, LHAOHIHILT 5.

[39] AO=newalg(x~2+1);
(#0)

[40] T=(A0~2+A0+1)/(A0+3);
((#0"2+#0+1) / (#0+3))

[41] simpalg(T);
(3/10%#0+1/10)

[42] T=1/(A0~2+1);
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((1)/(#072+1))

[43] simpalg(T);

div : division by O

stopped in invalgp at line 258 in file "/usr/local/lib/asir/sp"
258 return 1/A;

(debug)

ZOFITIE, 7R 0 ORBERZEHEMNMLESELT 0 KXDBRENEL LY, - ERRKTH S
simpalg() O TTF Ny HHBMIN/ZZ L2RT. simpalg() &, REE % R E T2 2EADOEFREE

flELTE 5.

[43] simpalg(1/A0*x+1/(A0+1));
(—#0) *x+ (-1/2%#0+1/2)

REA B2 R E T HLEHAOEAERL, BH simpalg() 2IERI LZ2RIFITER OHE LFEKRTH 271,
KB RIS ETHEIHNWSND JIIVLADFREREICBNTI, root ZARETICEE A D LEANHTLS 5.
Z DG, algptorat() ZHWN5.

[83] AO=newalg(x~2+1);

(#0)

[84] Al=newalg(x"~3+A0*x+A0) ;

(#1)

[85] T=(2*A0+A1%A0+A1"2)*x+(1+A1)/(2+A0);
(#1°2+#0*%#1+2%#0) *x+ ((#1+1) / (#0+2))

[86] S=algptorat(T);

(C(t#O+2) *t#1 ™2+ (CHO ™2+ 2%t #0) *kt #1+2%t#O " 2+4*t #0) *x+t#1+1) / (t#0+2)
[87] algptorat(coef(T,1));

t#172+t#O*t#1+2%t#0

ZDEXDIZ, algptorat () 1&, ZLHEK, KICEHFEND root %, MIKTHARETT, I7/805 #n KT 5 t#n
CEEHA D, BICRAZE ST, ZORETEL—FBANT B2 I TERN. 2L, T—FOAN LT
ARETLE, root ITHIBRT A AETLA—RLIBENKIICTL72DTHS.

WIZ, root ICHIRT HRETLE, MIET 5 root WEEMA B/40ITIE rattoalgp() 2HWN5.

[88] rattoalgp(S,[alg(0)1);

(C(#0+2) / (#0+2) ) #t#1 72+ ((#0"2+2x#0) / (#0+2) ) xt #1+ ( (2*#0"2+4*#0) / (#0+2) ) ) *x
+((1)/ (3#0+2) ) *xt#1+( (1) /(#0+2))

[89] rattoalgp(S,[alg(0),alg(1)]);
(C(#HO™3+6%#0"2+12%#0+8) *#1 "2+ (#0~4+6*#0"3+12*#0 " 2+8*#0) *#1+2*%#0~4+12%#0"3
+24%#0°2+16%#0) / (#0~3+6*#0~2+12%#0+8) ) *x+ ( ((#0+2) *#1+#0+2) / (#0~2+4*#0+4) )
[90] rattoalgp(S,[alg(1l),alg(0)]);

CC(H#O+2) *#1 72+ (#072+2%#0) *#1+2x#0 " 2+4%#0) / (#0+2) ) *x+ ((#1+1) / (#0+2))

[91] simpalg(@89);

(#172+#0*#1+2x#0) *x+ ((-1/5%#0+2/5) *#1-1/5%#0+2/5)

[92] simpalg(@90);

(#172+#0*#1+2x#0) *x+ ((-1/5%#0+2/5) *#1-1/5%#0+2/5)

rattoalgp() I, BHROKG LD root DU X & 2 5IEICE D, ENSIEIL, MISTH2RETLEEE
B2 TT<. ZORI, BT DIEFEZ#Z S EEBLZTDRN I SITK DGR —RER 508, ffEicK
DEII—-HKTHILERLTNS. algptorat (), rattoalgp() I, T—H2lH OB L E TV NWER
BREZTHBHNS I ENTES.
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9.3 RHELTO 1 ZHZIEADER

‘sp’ Tid, 1 ZHZIEAICRD, GCD, BB I IENS DI & U TR/ RIEZ RO 22 2t U
TWa.

9.3.1 GCD

REMAE LETO GCD 13 cr_geda() WK DEHEINS. ZOEBITEY 2 SHEBIOFEEAEHICXL DR
¥k Lo GCD 23HT5HOT, BRIERICH L THEHTH 5.

[63] A=newalg(t”9—15*t”6—87*t“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%A~8-220*%A"5-581%A"2)$

[66] P2=x"2+A*x+A~2$

[67]1 cr_gcda(P1,P2);

27xx+((#076-19%#073-65) *#1-#0"T+19*#0"~4+38*#0)

9.3.2 MBI/, KD IR

WL FH L, LEREZOWMP ED GCD DFENSHEED o EH—RAAETIVIY XLZFEHAL TNV,
EHEIX asq() TH5.

[116] A=newalg(x~2+x+1);

(#4)

[117] T=simpalg((x+A+1)*(x"2-2*%A-3) 2% (x"3-x-4)"2);

X711+ (#4+1) *x" 10+ (-45#4-8) *x "9+ (-10*#4-4) *x " 8+ (16*#4+20) *x "7+ (24*#4-6) *x"6
+(-29%#4-31) *x "5+ (- 15*#4+28) *x "4+ (38*#4+29) *x "3+ (#4-23) *x"~ 2+ (-21 %#4-7) *x
+(3*#4+8)

[118] asq(T);

[[x"5+(—2%#4-4) kx "3+ (—#4) *x "2+ (2%#4+3) *x+ (#4-2) , 2], [x+(#4+1) ,1]]

GERLEN S AR, (BT, BEE] 0V R R ERDA, 2TORTOMIE, bEDREREFRLEDEIH D
85, Zhid, BEFEERFRICLTRRT T 50T, B THRETHS.

REAE LT ORESGHRL, Trager ITXK2 /I AEZKELEZBDT, FichHZEAICHL, ZORZHRML
R LETEOLIEXB S ZHBIMT 558 CRICENTHS.

[119] af(T,[AD);
[[x~3-x+(-#4),2], [x"2+(-2*x#4-3) ,2], [x+(#4+1) ,1]1]

5180 2 DT, % 2 515, root DU R MTH5S. RESMMIFEEEKIC, ZN5D root ZHRML A& L
TN 5. root DIEFICIIMHIRADH Z. J7abb, ETEREINLDBDIFERDHIT ZRITUTIZ SR,
WM Z1Z, BB fTbhvan. 2—YoFEMLERS.
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IV ERWEREBMRCB N TR, IV LD & BERE 1 RS EXORBII OB, 2EDF)HR
EEATSH. 055, HFILERDLZEAXDHETHREF BV THATBREICK VAERRERICRIHEN LI
LIdAT 5.

[120] B=newalg(x~2-2%A-3);

(#5)

[121] af(T,[B,Al);

[[X+(#5) ’2] ) [xhs_X+(_#4) ,2:] ) [X+(_#5) ’2] ) [X+(#4+1) ,1]]

9.3.3 m/\DRE

PORKRBHETIEH 20, #ifiORB e XEEHT2 &KX, 2EHAOR/NME#EEZRD S Z &8
T&E5%. BEIX spO) TH5.

[103] sp(x~5-2);

[[x+(-#1) ,2%x+ (#0"3*#1 " 3+#0 " 4*#1 "2+ 2% #1+2x#0) , 2%x+ (-#0"4*#172) , 2*x
+(-#0"3%#1°3) ,x+(-#0) 1, [[(#1) ,t#1 4+t #O*t#1 "3+t #0 2%t #1 2+t #0 " 3xt#1+t#074] ,
[(#0) ,t#0°5-2]111

spO) 13 1 5I%T, #5212 (1 REFDY X, [[root, algptorat (EFELEX)] DU R K] 235U
A RNTH%. 5 2 BHEOD [root,algptorat (EELIEHI)] O U X NI, A BJEC, B/ RENE SN
HETHRML TS root 2T, TOERLERIL, TOEAE TD root ZRMLUZAELETEENTH S
ZENRIEETN TN S,

FEROH 1 BHETHD 1 REATFOU RN, 5 2 EHROD root ZL2TRMLIZAELETD, sp() DFIEDLIH
KOLTORFZERYT. TORIEIER/NREEELIZOTVEDT, AFIEET 1 RERDZIZDITTHS. af() &
Fkk, 2 CORFOMEIE, bEDLHERXEERBEOEIDVES.

9.4 REBHIHICEBTIEHHBDELD

9.4.1 newalg

newalg(defpoly)
: root ZHERT 5.

return REEIEL (root)
defpoly 2

o defpoly ZEBBERET HRIEH (root) ZART 5.
o defpoly 17 B HIBICEI L TIE, 55 9.1 i [REMKOEE], 124 ~— VB,

[0] AO=newalg(x~2-2);
(#0)

B % 9.4.2 ffi [defpoly], 129 R—
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9.4.2 defpoly

defpoly(alg)
i root DEFELEHAZKT.

return ZIHI
alg REEE (root)

e root alg DEXRLEAZIKT.
e root % #n &I, ERZEADFEELKII t#n &785.

[1] defpoly(AO0);

t#0°2-2
2 % 9.4.1 i [newalg|, 128 X—, % 9.4.3 i [alg], 129 R—, 5 9.4.4 Hi [algv], 129
Ry
9.4.3 alg
alg(i) w ATy I AT S root iKY

return REEIEL (root)
i B

e root #i #RT.
o #i FI—YFNEBATTERNED, alg(i) EWSBTANTS.

[2] x+#0;
syntax error
0

[3] alg(0);
(#0)

2 % 9.4.1 fi [newalg], 128 X—, %5 9.4.4 i [algv], 129 R—2

9.4.4 algv
algv(i)  : alg(i) ITHIET BARETLEERT.

return ZIER
i B

o ZIER t#i #IKT.
o t# LY NEBANTEANED, algv(i) EVISBTANTS.
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[4] var(defpoly(A0));
t#0

[5] t#0;

syntax error

0

[6] algv(0);

t#0

2 %5 9.4.1 fi [newalg], 128 X—2, 55 9.4.2 fii [defpoly], 129 X— 55 9.4.3 i [alg], 129
R—y

9.4.5 simpalg

simpalg(rat)
» AERICEEN2REBZ LT 5.

return BEAL
rat FHEX

‘sp’ TEZINTNS.

¥, 2R, FERCETN2REWIEKZ, GEN5 root ODEHEZERICK VBT 5.
BOBE, NG IUIEBEILIN, #EERIX root DLERERS.

Z2IERXDGE, HREDMEHEILINS.

FHEAOGE, 7 FNLEA L L THEElIN 5.

[7] simpalg((1+A0)/(1-A0));

simpalg undefined

return to toplevel

[7] load("sp™$

[46] simpalg((1+A0)/(1-A0));

(-2%#0-3)

[47] simpalg((2-A0)/(2+A0)*x"2-1/(3+A0));
(—2%#0+3) *x "2+ (1/7*#0-3/7)

[48] simpalg((x+1/(A0-1))/(x-1/(A0+1)));
(x+(#0+1) ) / (x+(-#0+1))

9.4.6 algptorat

algptorat (poly)
w ZHERICEENS root &, T HARETICEEMZ 5.

return ZIER
poly ZIE

. ‘sp’ TEEINTVS.
o ZIERICTEEND root #n 22T ti#n ITEEMZ 5.
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[49] algptorat((-2*alg(0)+3)*x"2+(1/7*alg(0)-3/7));
(2%t #0+3) *x"2+1/T*t#0-3/7

2l %5 9.4.2 ffii [defpoly], 129 R—2, 58 9.4.4 fi [algv]|, 129 X—

9.4.7 rattoalgp

rattoalgp (poly,alglist)
w ZHEACEENS root ICHIET 2AREILE root ICEEHZS.

return ZIER
poly ZIER
alglist UX b

o ‘sp’ TEREINTND.

e % 2 51T root DUZXNTH5. rattoalgp() 1, TD root IZHIKTHARETLE, THZTH root
ICEEHAS.

[61] 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)

2 % 9.4.3 fi [alg], 129 XR—2, % 9.4.4 fi [algv], 129 R—2
9.4.8 cr_gcda

cr_gcda(polyl, poly2)
i Bk LD 1 £2¥%EAKD GCD

return ZIHI
polyl, poly2
E25E

o ‘sp TEHZEINTWVS.
e 200 1ZHLEARD GCD 2R 3.

[76] X=x"6+3*x"5+6*x"4+x"3-3%x"2+12*x+16$

[77] Y=x"6+6%x"5+24%x"4+8%x"~3-48%x"2+384*x+1024$
[78] A=newalg(X);

(#0)

[79] cr_gcda(X,subst(Y,x,x+A));

x+(-#0)

g % 8.8.1 i [gr hgr gr_mod|, 105 X—3, % 9.4.10 &i [asq af af_noalg], 132 X—%
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9.4.9 sp_norm
sp_norm(alg, var, poly, alglist)
2 REMAKETO /NVLDERE
return EZF:M
var poly DEZEH
poly 1 B 2EA
alg root
alglist root MY X k

o ‘sp’ TEEINTWVD.

e poly @, alg BT 2 /) L%EES. §abb, K = Q(alglist \ {alg}) &35 & &, poly BN
alg %, alg D K LOEBRICEBIRALDOLTOREEZKT.

o fERIZI K LOZERERS.

o EEICRANTKVGEDLINTON, KEXDEHEFRELCTERREHICIVFGRINDY, KiE/nRE
RBfTHONTNS EIFES RN, KIBEE USE_RES # 1 ITRETHZEICLD, HITKERICKDEE
SRBHIENTES.

[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+ (#0"2) *x~2+(#0)

[42] sp_norm(A0,x,@Q,[A0]);
x"12+2%x"8+5*x"4+1

2 % 6.3.13 i [res], 44 X—, % 9.4.10 £ [asq af af_noalg], 132 XR—

9.4.10 asq, af, af_noalg

asq(poly) :: REAED 1 BHZEROEN-F /)R

af (poly, alglist)
af_noalg(poly,defpolylist)

 REUK Lo 1 BRZEKXOREKIH#

return JX bk
poly ZIER
alglist root MY X k

defpolylist root ZRIAETLEERLHRXDORTY DY X b

e NTNH ‘sp’ TERINTNS.

e root ZEERVNEFHIBE ELOEENIFUHINERHTH 503, root 2HVHF AT, cr_geda() A8
B XN 5720 LI VISR i 5.

o af () I, EBADIEE, I72DBH 2 518D, root DUXNDIEENKLETDHS.

o alglist THEINS root I, BTEXESINALDBDIF EFTOHITRRFIUI/R SR,
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e af (F,AL) IZBWNT, AL IZIREMEK DOV A N THY, FEEAOREILKREEKT. AL=[An, ... ,A1] &
BLE, & Ak T, TNE VAR HREBERERE L, Eo vy VBRERLZEATERIN TV

iz sz,
[1] A1l = newalg(x~2+1);
[2] A2 = newalg(x"2+A1);
[3] A3 = newalg(x"2+A2*x+Al1);

[4] af(x~2+A2*x+A1,[A2,A1]);
[[x~2+(#1) *x+(#0) ,1]1]
af_noalg TI, poly KEENZMREME ai 2AREL vi TEEHAS. defpolylist I,
[[vn,dn(vn,...,v1)],....,[v1,d(v])]] 725U XA THS. ZIZT di(vi...,vl) & al ODEBZLHERICSH
WTREMEZE2T vj TBEMAZHDTH 5.
[1] af_noalg(x~2+a2*x+al,[[a2,a2"2+al],[al,a1"2+1]]);
[[x~2+a2*x+al,1]]
o fERIL, BE O H M, KEOMEFARK [BF, EER/E] OURXNTH5S. af_noalg OHE, BF
IZHN 2 REMEIL, defpolylist IZHE> TRETTICEZHRA SNS.
o HEEZADEETOETOMI, poly EEBEDENIEHDES.

[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]1]

[101] af_noalg(-x"2+3*x+a,[[a,x"2-2]]);

[[X+a_1 ) 1] ) [_X+a+2 ) 1]]

2| % 9.4.8 ffii [cr_gecda], 131 X—2) 55 6.3.14 fi [fctr sqfr], 45 R—Y

9.4.11 sp, sp_noalg

sp(poly)
sp_noalg(poly)
v BRANDRIRERD S.
return JX bk
poly ZIER

‘sp’ TEHSNTNS.

o HHEFRED 1 BELER poly Of/INMEE, BERUOZOEKETO poly ® 1 REFADHREERDS.

o &R, poly OERFDU R K &, /N RIED, BRILKRICKZDRBN 5725 A NTH%. sp_noalg
TR, 2 TORBIED, MIETHRET (Hlb #1 92 t#i) KESHRASGND. ZhickD,
sp_noalg DT, BRERBESEBLEADOU X M &b,

o B/INEIKIX, [root,algptorat (defpoly(root))] AUZX MELTEREEINTWS. Tiabb, R
D 5 Em/NRIEE, BEBURIC, 2O root 22 THEMLEELTESNS. BINX, HDHD root
NS JEZTThbNS.

e sp() I, NET/IVLADEED]=DIZ sp_norm() % LI UITEENTS. IV AOFEE, RRITHRT

TE XX ERFETHFDNDM, T T THL SN 5 HIEARS LIRSS, MMBKER OO 11H

HTHDHEOHD. KA USE_RES # 1 TRET DI LK, HikHERIcKVEtREEEs 2 L

INTES.
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[101] L=sp(x~9-54);
[[x+(—#2) ,-54%x+(#1"6*#274) ,54%x+ (#1"6*#2"4+54%#2) ,54*xx+(—#1"8*#2"2) ,

—54%x+ (#1°5%#2°5) ,54%x+ (#1"5x#2"5+#1"8x#272) , -54kxx+ (—#1"7*#2"3-54%#1) ,

S54xx+ (-#1"T*#2°3) ,x+(-#1)], [[(#2) ,t#2"6+t#1 3%t #2"3+t#1°6], [(#1) ,t#1°9-54]11]]
[102] for(I=0,M=1;I<9;I++)M*=L[0][I];

[111] M=simpalg(M);

-1338925209984%x~9+72301961339136

[112] ptozp(M);

-x"9+54

e %5 9.4.10 fii [asq af af_noalg|, 132 XR—2’, 5 9.4.2 ffii [defpoly], 129 R—, % 9.4.6
fii [algptorat]|, 130 X—2, 5 9.4.9 fi [sp_norm|, 132 X—2.
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10 BIREICEET 2 EE

10.1 ARADRBESLVEE

Asir IZBWTIE, HRER, FEMFEE GF(p), B 2 OFRMAE GF(2°n) BEHTES. TH5IERT,
setmod_ff() ICL VD EEEINS.

[0] P=pari(nextprime,2°50);
1125899906842679

[1] setmod_f£ff(P);
1125899906842679

[2] field_type_ff();

1

[3] load("fff");

1

[4] F=defpoly_mod2(50);
x"50+x"4+x"3+x"2+1

[6] setmod_ff (F);
x"50+x"4+x"3+x"2+1

[6] field_type_ffQ);

2

setmod_££() 13, BIKAEES p O5E GF(p), n XKBHAR {(x) OHA, f(x) mod 2 2EHSEXE
2% GF(2"n) 22N ThHEMALL Ty b7 5. setmod_££() BN TIBIROBEKNF v 713 f7HT,

IO LRIAEAE 255D,

HMA L, HETHBKOTEL TEEDLDVRERINAET TVl S, £y M IR EBMADE
BIZRES EVWSEWRTHS. Iib, FHEES LOEEORKRIIAEEE /RS, AL, MAKEICBNT—HD
FRS 2 RBNEREDTOBREITIE, MOTd HBMICRI CARADTTE RSN, HEEROERBICRS.

0 TRWERAKDTE, BA T2/ hTHD, BHITOMEIE 1 THS. 51T, 0 TBRWARKDITOK
#HF12, GF(p) o6& 6, GF(2°n) OFE 7 £12%.

HREDTED AN HEE, EREDHEICL VLTS5, GF(p) DHE, simp_f£() K& 5.

[0] P=pari(nextprime,27°50);
1125899906842679

[1] setmod_ff(P);
1125899906842679

[2] A=simp_££(27100);

3025

[3] ntype(@@);

6

¥/, GF(2°n) OHEEN DNOHEND 5.

[0] setmod_ff(x"50+x~4+x~3+x"2+1);
x"50+x"4+x"3+x"2+1
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[1] A=0;

(@

[2] ptogf2n(x~50+1);

(@°50+1)

[3] simp_ff(@@);

(@"4+0°3+Q@"2)

[4] ntogf2n(2°10-1);
(@"9+Q@"8+Q@"7+Q@"6+@"5+Q@~4+Q@"3+@"~2+0+1)

BREDOTIITH D, REENTRETH 5. 01X GF(2°n) @, GF(2) LOARTTHS. #L LI 45 3.2
fi o], 12 XR—IBIHE.

10.2 BRELTO 1 ZHZIERXDEE

17 T, ARE EO 1 RESEAITH L, 8 V-F550#%, DDF, REME, ZHXOBHIHIE R £ OBIEE
EINTVSD.

wWEh b, BRI [BF, EEE]) 0V ERBA, BFE monic 720, ANSEROERKITRTS
ns.

WV H MR, BEREZ DM ED GCD OHENBIBEED b &b —RMRTIL T XAERALT
W5,

AR ETOR¥DEZ, DDF 0%, XEHRERTO2ROBIZ, Berlekamp 7))L 3 U XL TEZEM 2R
D, BERZ MVOR/NEERZRD, £DH% Cantor-Zassenhaus 7))L T XAIZKDRD S, £ FHik
B2RELTND.

10.3 BRR&E _LOFEMMIRICET 5 EE
HIRAE L O ERICEET 50N < DM ORARMRERED, HAHAAEKE L TREINTVWS.

MR OEER, £ 2 OXZ ML [a b] TIFS. a, b lIEBRAEDICT, setmod_ff TEHRIN TS
BHIREDFEEDEE, y~2=x"3+ax+b, ¥ 2 DIRDHFE y~ 2+xy=x"3+ax"2+b #EKT.

FEF AR L M3, BRESSAD THERZ22YT. ZOWEIEL T, ME (ecm_add_f£()), HE
(ecm_sub_£ff()) BRUWTFHEDZD DR (ecm_chsgn_f£()) 2RI NTNS. HEETRE, HE
DG ET2 5 HORBN,

o MEFEEAIX 0.
o ZTHUSDEE, BX 3 DR ML [xy ). 727U, 2 130 T,

EVWIHTHS. [xyz] BEREBEICXDRHATHD, 771 VEETE [x/2 y/2] 1232 8%E2KT. &>
T, 7714 VEE [x y] TRESNEREEENRETZIAZ, [xy 1] I85X7 MVEERT DHENDS.
SRS FRIEECA 5N B, 7 BN 1 SRS R0D, 77 1 L EEERD DI x, y HfE
% z ERETEIDURENDS.
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10.4 BIRIAICEET HEHEDE LD

10.4.1 setmod_ff

setmod_£f ([prime|poly])
n AREORE, REINTVSEREKOE, EELERADER

return - E A EE 25
prime R
poly GF(2) BRI 1 5 2ER

o BI¥AIEEE prime OFf, GF(prime) AL U THRET 5.

o BIBMNLIERX poly O, GF(2~deg(poly mod 2)) = GF(2)[t]/(poly(t) mod 2) Z XA L T
ETD.

o EBIBOKE, REINTNBEMAS GF(prime) OB A prime, GF(2°n) OHFSEHRLEREET.

e GF(2'n) oE#LERXIZ, GF(2) k£ n XKENLZSBRATHRVWD, MBICEET DD,
defpoly_mod2() THLT 2 DAK W,

[174] defpoly_mod2(100);
x~100+x"15+1

[175] setmod_ff (QQ);
x~100+x"15+1

[176] setmod_ff();
x~100+x"15+1

e i %5 10.4.13 i [defpoly_mod2|, 143 R—

10.4.2 field_type_ff

field_type_ff()
n BREINTW S EMAROEE

return B

o REINTVAEBAOEEZIRT.
o HEMRLAS 0, GF(p) /&5 1, GF(2™n) 25 2 #3&7.

[0] field_type_ffQ);

0

[1] setmod_£ff(3);

3

[2] field_type_ff();

1

[3] setmod_ff(x"2+x+1);
x"2+x+1

[4] field_type_ffQ);

2
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2 %5 10.4.1 fi [setmod_££f], 137 R—¥

10.4.3 field_order_ff

field_order_£f£f()
D BEINTWSEBKOAEK

return B

o REINTVDEBMADAE TOMFEE) 2K
o FREINTWVBHAED GF(q) 251F q 2ET.

[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
2 %5 10.4.1 i [setmod_£f], 137 XR—

10.4.4 characteristic_ff

characteristic_£ff()
D REINTVSHROES

return B

o BEINTWBKOEKEET.
o GF(p) PH4 p, GF(2°n) OHE 2 &7

[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
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2 %5 10.4.1 fi [setmod_££f], 137 R—¥

10.4.5 extdeg_ff

extdeg_ff()
n BREINTVSEBAD, FERITHT DIARKEK

return BE

o REINTWVDEMEKD, BKITHT DK EIERT.
e GF(p) ®#& 1, GF(2°n) OHE n 2iKT.

[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
2 %5 10.4.1 fi [setmod_£f], 137 R—¥

10.4.6 simp_£ff

simp_£f (obj)
DB, HENVRZEROREEERIEKDITCIZER

return BE-1ILER
obj BEi32EA

o ¥, HHVERZEAOREZFRAKDITITEMT 5.

o BE HOINEIBEBESZERZ, ARIK, »5NITEREGRRICERT S-DICTHNS.
o HIRERDITCIZHL, DD NITEBELERIZE S reduction 27 FEITHHNS.

[0] simp_ff((x+1)"10);

x"10+10%*x"9+45%x"8+120%x"7+210*x"6+252%x"5+210%x"4+120%*x " 3+45%x"2+10*x+1

[1] setmod_ff(3);

3

[2] simp_ff((x+1)710);
1%x710+1%x"O+1%x+1

[3] ntype(coef(@@,10));
6

139
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2 % 10.4.1 i [setmod_£ff], 137 X—2’, % 10.4.8 &i [lmptop|, 140 X—, £ 10.4.10 i
[gf2nton|, 141 R—2

10.4.7 random_ff

random_£ff ()
: BIEAOITOELE AR

return HIBAEDIT

o HRADTZEEERT 5.
e random(), lrandom() &[F U 32bit ELEREREZFHL TS,

[0] random_ff();

random_ff : current_ff is not set
return to toplevel

[0] setmod_ff (pari(nextprime,27°40));
1099511627791

[1] random_ff();

561856154357

[2] random_ff();

45141628299

e %5 10.4.1 i [setmod_£f], 137 X—2, % 6.1.7 fi [random|, 31X—2’, %5 6.1.8 i [Lrandom),
31 R—

10.4.8 1mptop

lmptop (obj)
:: GF(p) RELEA DR ZBEICEHR

return BRRELER
obj GF(p) fr¥Ez2EA

o GF(p) RULERORYEEKITERT 5.
o GF(p) ®7i3, 0 BA L p REOER TEBEIN TS, LEROSRIL, TOEEERA TV s b
(K#AITF 0) ELbOERE NS,

[0] setmod_ff(pari(nextprime,2740));

1099511627791

[1] F=simp_ff((x-1)"10);
1*%x710+1099511627781%x"9+45%x~8+1099511627671*x"7+210%*x"6
+1099511627539%x"5+210%x"4+1099511627671%x~3+45%xx"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
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[4] 1lmptop(F);
x"10+537*x79+45%xx " 8+427*x " T+210%x"6+295%x "5+210%x "4+427*x "~ 3+45%x " 2+537*x+1

[6] 1lmptop(coef(F,1));

537
[6] ntype(QQ);
0
2 %5 10.4.6 i [simp_f£f], 139 X—

10.4.9 ntogf2n

ntogf2n(m)

» BHREZE GF(2°n) OticA#
return GF(2°n) ot
m AL

e HAK m @ 2 #EB m=m0+ml*2+.+mk*2°k iZxfL, GF(2°n)=GF(2)[t]/(g(t)) DT
mQ+m1*t+...+mk*t~k mod g(t) 27 .
o ERLZHERICIIFRIEHNTFHFE I NN, simp_f£() Z2HAT2HENDH 2.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] N=ntogf2n(2"100);
(@~100)

[3] simp_ff(N);
(0°13+0°12+0°11+0°10)

2 %5 10.4.10 #i [gf2nton], 141 R—2

10.4.10 gf2nton

gf2nton(m)
= GF(2°n) Otz BHREICEH

return JEEEE
m GF(2"n) ot

e gf2nton OHEMTH 5.

[1] setmod_ff(x~30+x+1);
x~30+x+1

[2] N=gf2nton(27100);
(@~100)

[3] simp_ff(N);
(@°13+0"12+0~11+0"10)
[4] gf2nton(N);
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1267650600228229401496703205376
[5] gf2nton(simp_£f£f(N));
16360

2 %5 10.4.10 #i [gf2nton], 141 R—2

10.4.11 ptogf2n

ptogf2n(poly)
w —EELERE GF(2°n) OxIcEH

return GF(2°n) ot
poly € 25

e poly %Y GF(2°n) OLEERT 2. L, 2 TE-LZRVICEHRINS. poly OEHIC @ 20
AUTeREREFEL .

[1] setmod_ff(x~30+x+1);

x"30+x+1
[2] ptogf2n(x~100);
(0°100)
2 % 10.4.12 #i [gf2ntop], 142 X—

10.4.12 gf2ntop

gf2ntop(m([,v])
: GF(2°n) oczLEKICE#

return — B LIER
m GF(2°n) ot
v ARETT

o m 2XTLERE, BERKOLERA T/ FELTERY.
o v DIFENIRVFE, HATD ptogf2n() MEUH LIZBIF 2515 OEEK (574 NI x), IFENDH 515
BB ESNEAETLEERETH5L2EHAZKRT.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] N=simp_ff(gf2ntop(2°100));
(@°13+@°12+@~11+0°10)

[6] gf2ntop(N);

[207] gf2ntop(N);
x"13+x"12+x"11+x"10

[208] gf2ntop(N,t);
t713+t712+t"11+t"10
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2 % 10.4.11 i [ptogf2n], 142 XR—

10.4.13 defpoly_mod2

defpoly_mod2(d)
= GF(2) BB —E RS EADER

return 2T
d EEE

o ‘fff’ TEZRINTNS.
o HALNEKE d iU, GF(2) b d ROFNSEHERZKT.

o HL WK 3 HRAMNEETIUL, 5 2 HOXEN b Eb/hEWn 3 EHR, b L BK 3 BRAEE LR
W, B 5 HRXOHT, 5 2 HOXREN B> E /NS, ZOHTE 3 HOREN B EH/NEL, &
DR THE 4 HORENH> EH/NINHDEKT.

e ik %5 10.4.1 i [setmod_ff], 137 X—

10.4.14 fctr_ff

fctr_£ff (poly)
» 1 BEZERXOFRK L TORER /i

return JX bk
poly HIRAE LD 1 2%2ER

o fff’ TEEINTNS.

o —EHEEAZ, BAERESN TN BARE L CHII T 5.

o I, [[f1,ml],[f2,m2],...] BBV NTHB. ZIT, fi 1 monic BEHIETF, mi 37 DEMET
B5.

e poly DEREBIIETH N S.

[178] setmod_ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);

[[1*x+14123390394564558010,1] , [1*x+6782485570826905238,1],
[1*x+15987612182027639793,1], [1*x~2+1*x+1,1]]

e i %5 10.4.1 i [setmod_ff], 137 X—

10.4.15 irredcheck_ff
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irredcheck_ff (poly)
i 1 ZBREESHEKXOFRAK LT oK HIE

return 011

poly BRRAELD 1 BHZLER

o ‘fff’ TEEINTNS.
o ARMELED 1 £HBZEHEAXOPAHEZITWY, BEIOHE 1, 2h UM 0 25K7.

[178] setmod_ff(2°64-95);
18446744073709551521

[179] ] F=x"10+random_£ff();
x~10+14687973587364016969
[180] irredcheck_ff(F);

1

2l %5 10.4.1 i [setmod_ff], 137 X—

10.4.16 randpoly_ff

randpoly_ff(d,v)
i ABRAR B ELERE 1 BREEADER

return 2T
d TEEH
v ARETC

o ‘fff’ TERINTNS.

o d KAKW, BEN v, RENBEREINTHLIHERKICETS 1 2HRLEA24EKT 5.

random_ff () ICXDAERINS.

[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

2l % 10.4.1 fi [setmod_£f], 137 X—, 5 10.4.7 ffi [random_£f], 140 X—2

10.4.17 ecm_add_ff, ecm_sub_ff, ecm_chsgn_ff

144

REU
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ecm_add_ff (pl,p2,ec)
ecm_sub_£ff (pl,p2,ec)
ecm_chsgn_£f(pl)

PR BSOS, WE, Mt

return X7 BMIVERIZO
pl,p2 EX 3 ONRZ FVERIZ 0

ec

EX20OXRZ7 NV

BEREIN TS HERE LT, ec TERINSHEMEMR LD pl, p2 O pl+p2, 7% pl-p2, #t
-pl iKY

ec ¥, RESNTVWLIHERERNTREEFEARDE G, y 2=x"3+ec[0]x+ec[l], FEK 2 OHE
vy~ 2+xy=x"3+ec[0]x" 2+ec[l] #ET .

5%, fEREBIT, ERERFZT 0 TREINS.

pl, p2 BEZ 3 ORI MVDOBE, BEREZIZL DR LORZERT. 208G, 55 3 EEIZI0 ThHo
TIIWiF 7w,

HEAREX 3 ORY MLOSE, B 3 EE 0 TRV, 1 ERESRN. 771 S EEIC L DR
/DI, 55 1 ERE, 5B 2 BEERE 3 BETEHLZHENDS.

pl, p2 BEEMEBR EORNESINOTF oy ZiIFL7awn.,

[0] setmod_ff(1125899906842679)$%

[1] EC=newvect (2, [ptolmp(1) ,ptolmp(1)]1)$

[2] Pti=newvect(3,[1,-412127497938252,1]1)%
[3] Pt2=newvect(3,[6,-252647084363045,1]1)%
[4] Pt3=ecm_add_ff(Ptl1,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[O]/D[2]==Pt1[0]/Pt1[2];

1

[10] D[1]1/D[2]==Pt1[1]/Pt1[2];

% 10.4.1 fi [setmod_ff], 137 X—
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TR A 8%

A.1 STEDF

<>
CO<A>)

<> <ZHEET> <>

 <F >

- <F >

<fEiDfE>

<EDfE> <RAEETF> <>

<EEDE> ‘++°

<EDfE> ‘--°

0 <>

C——) <EIDE>

e <® >

<H> 7 <FH> o <FHo>

<EHED> C <KAUT> )

<EES O <RUT> | <F T a MiT> )
<LEFH>

<Y K>

<7 bL>

<UZX B>

(55 4.2.10 i [S £ ERRA], 21 =V BR)

<EEIDfE>
<EE> [<>]7]+

<TIHHET>:
Cpr (o Gy c/; t%; t»;(%)
(== t!=; (g ) tg=2 (=) l&&; ¢||)

<RAEETF>:

(g } t+=; (_=» l*=; (/=; t%=; C~—>

<FAT> :
<Zz>

<H> [, <FH>]+*

<HTTa i
alphabet THAEZXFH ‘=2 <>

<FE T a >
<KATTa>
<KHTar> [, <FTTai>]x

<YURX B>
‘L <KAT> ]2
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<EE>:
RKXFTHEDXFH (X,Y,Japan 72 E)

(%6 4.2.2 i [BEBIUOARET], 17 R—I2H)

<EHED>:
INCETIHRE DTS (fetr,ged 72E)

<7 bhAL>:
<ARETT>
<H>

<ARETT>:
INCETIHRESXFS] (a,bCD,cl1_2 72 &)

(55 4.2.2 i [BEBROFET], 17 R—IBH)
<Ho>:
<HHEF>
<TFEI/NED
<REEIE>
<EHRE>
(55 3.2 i (KB, 12 XR—IZH)

<EBEE>:
0, 1, -2, 3/4

<TFEI/ND
0.0, 1.2e10

<HEHIE>
newalg(x~2+1), alg(0)~2+1

(55 9 2= [REMEICET2E], 124 R—IBH)

<HERED:
1+0i, 2.3%0i

<LFF>
o THENZ TS

<FEEANRZT RIL>:
‘<< <RAMT> >>?

(%6 8 E [V LT FREREDFHE], 98 X—IBH)
<>

<H> <Hku>
<E>

147
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‘break’ <#Kim>

‘continue’ <f&ui>

‘return’ <#&ii>

‘return’ <zI{> <KiE>

“f O <HKAMT> ) <O

i O <KAMT> ) <> ‘else’ <>

“for’ ¢ <KITr> ;2 <KAMS> ;7 <FHAMTP> ) <>
‘do’ <> ‘while’ ‘(’ <RUMT> )’ <HKim>

‘while’ ‘(C <RUT> )’ <>

‘def’ <EE> (C <KWMT> )’ {° <EEES> <SQUU> )
‘end(quit)’ <#&um>

(55 4.2.5 i 3], 18 R—IBIR)

<H&>
l;) ¢$)

<EREE>:
[‘extern’ <Z5¥> [¢,7 <BE>I* <H&iE>1*

<>
“L<UT> Y

<ICATS> ¢
[<32>] *
A2 RMfOA—YEERHE 7714

B¥ESATIUF 4L 7 M) (F74)V FTIE ‘/usr/local/lib/asir’) iIZIZN < DD L —FEFREEK
T7ANBEINTNS. ZNHEDIEDERHDITOVTHAT 3.

i i e o ﬁ@&?%ﬁiiﬁ%& 2 OBERGE LO—EBLEARE R (5 10 = [FREICET 23E],
135 R—I B

‘gr’ TVTFREFENyr—2. (B 8E [V LT FREDFE], 98 XR—IBH)

‘sp’ REGIE OEE B KRR, BN RER. (35 9 % [RENEBICE T 2E], 124 X—IBH)

‘alpi’

(bgk’

‘cyclic’

‘katsura’

‘kimura’ FLVTFREFREICBNT, NOFI—IZDOMTHWSNSHE. (5 8.8.29 i [katsura hkatsura
cyclic heyclic], 121 R—I2H)

‘defs.h’ W OOy OEHE. (B 4211 [FU 7SOk vH], 22 X—IBH)

‘fctrtest’
BHEOZEROEEEDT A ~. REDUCE O ‘factor.tst’ BEUHEEEDORENINL
DONDOFIZEE. ZHUZ, load() THLEBIEENEES. AF LKk Asir MIEULLSEMEL T
NWENDTZARIHMHES ZENTES.

‘fctrdata’
‘fctrtest’ THEOLNTVSHIZEE, HEFPMT X NHOHF. Alg[] iT® 5N TWSHF,
af () (% 9.4.10 i [asq af af noalg], 132 R—I &) HOFITH 5.
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[45] load("sp")$
[84] load("fctrdata")$
[175] cputime(1)$
Omsec
[176] Algl5];
X"9-15*x"6-87*x"3-125
Omsec
[177] af(Alg[5], [newalg(Alg[51)]);
[[1,1], [75%x"2+(10*%#0"7-175*#0"4-4T70*#0) *x+ (3*#0~8-45*#0"5-261*#0"2) ,1],
[75%x~2+(~10%#0"7+175*#0~4+395*#0) *x+ (3*#0"8-45*#0"5-261*#0"2) , 1],
[25%x~2+(25*#0) *x+ (#0~8-15*%#0"5-87*#072) , 1], [x~2+ (#0) *x+(#0°2) ,1],
[x+(-#0),11]
3.600sec + gc : 1.040sec
‘ifplot’  HH (55 7.5.15 i [ifplot conplot plot plotover], 94 XR—I %) Oz Df. IS[] KiFF
LR OB, ¥ H, D, C, SIKIE NS> TON—K, 1Y, 757, AR—K (5L ) i

OBIBAD TS,
‘num’ BUTBY 2 i B2 I B D Bl
‘mat’ TNCBE S % i s SR B B D 1.

‘ratint’ FAEHEBOAERS. ‘sp’, ‘gr’ MWHAE. ratint() EVIEBPERSNTVDN, £DKT
HERIIOCEMTH S, BITHIHATS.
[0] load("gr™$
[45] load("sp™)$
[84] load("ratint")$
[102] ratint(x"6/(x"5+x+1),x);
[1/2%x°2,
[[(#2)*1log(-140%x+(-2737*#272+552*#2-131)) ,161*t#273-23*t#2"2+15*t#2-
11,
[(#1)*log(-5*x+(-21*#1-4)) ,21*xt#1 " 2+3*t#1+1]]]
ZDOHITIE, x76/(x"5+x+1) OAREREFDEHRZTO TS, #RIL 2 DOERENSLRD U X
NT, %8 1 ERIANERSOFEE, 56 2 BERIHEMrZ2RT. HEHHHIEICUZAME
2o TWT, £EHKIZ, [root*log(poly) ,defpoly]l EWSHEL TWS. ZhiX, FEMT
IZBNTIE, defpoly D2 TODR root IZX L T root*log(poly) ZHEDENSEELAD
BEEHENWIEH®RTHS. ZIT poly ldroot ZBATNT, root Z2ANEZ 555X poly
XU THRICEBEZITOI®DDETS. ZOBIEZ, BRDOE 2 BROLRTITHL TIT- T,
ETERLEDELEODOINEKBT E/25.
‘primdec’ ZHERXA FTT7INDRERATTINDREZTDREDEA T 7 IV (5 8.8.30 fi [primadec
primedec], 122 R—I%Ig).

A3 ANMAM>%71—2R

DOS kR, Windows liTTIZA N A > F 7 2—AE LTI RIA UREBEIUVEA N BEBRZ IS
AENTNS, UNIX [RTIIZ DL D BEEREISH AR TN TWRNWD, LT THRRBXDBATI T T 2 —
ZAMABRINTNS. ZNHIE Asir N FU &L &BIT fip AIRETH 5. ftp server ITBAL TIE 26 1.3 8 [A
FHiE], 2 =I5,

Windows fift ‘asirgui.exe’ IZ, #BH# ® Windows BT HEH LIIRZZHO I —R—Z MEREZE
Rt LT3, Window BIZERRENTBEXFFNCH LY T RAERY P E2M LIRS BT v T % EXFF
AMEREND. Ry 22l T ERERRNTICRDD, ZOXFINIIE—Ny 77 ICMORAENTNVWS. <
DAFRRE T E, AE—/Ny Ty AOXTFIINBED A —V B IHA TSNS, BHICERRI NI
& readonly THU, TOHPZWETERNI LITHEBELTERL .
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A.3.1 fep

fep &1%, SRA OBRFIC L DRI NETT S KS1 Ak, X NUBERAAOANTOL FIY KT
HB. ZOTOSSADITT ‘asir’ 2EETZZEICED vi HBWNIT emacs ADIT > RS51 UREB X
W csh OB MY BEBRZNTHEICRS.

% fep asir

[0] fctr(x~5-1);
[[1,1],[x-1,1], [x"4+x"3+x"2+x+1,1]]

[1] ! /* !!4+Return */
fetr(x75-1); /* BEHIOANNENL TRETES */
/* fREE+Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]

fep IZ7V =V T R TY—ZABRAFHHETH S0, U FHIOHDIT make TE S (0OS) 2SN TN
5. WO DOHEHE L TEET XD ICRADKE L 2B DA, ftp TAFHERETH 5.

A.3.2 asir.el

‘asir.el’ iX, Asir ® GNU Emacs f > 72— A TH 2 (EHIEBAIBK (YVE25250Qpcvan. or. jp).
‘asir.el’ ITHBWTIZ, HH D emacs THIBERMREMEDMIZ, 771 )V4, A< 2 4D completion 4%
BEInTnhwa.

‘asir.el’ X PC-VAN TELZRBHINTVD A, SRIOUETICHESI BEZT o2 bDA, 2D ftp TAF
TJHETH 5.

Y b7 w7, ERBER, ‘asir.el’ OEHEICTER I N TN S.

A4 SA4TZVA>FT—R

Asir QT DHEEZ MO T OT I LNSHERAT 5 HEE LT, OpenXM ICX 512, 5175 U OERE
U2 IREBFENARETDHS. 177U, GC 175U THS ‘libasir-gc.a’ &£ & HiZ OpenXM
distribution (http://www.math.kobe-u.ac.jp/0OpenXM) IZ&EN 5. FHIKTIX OpenXM 1 > ¥ 7 x—
ADAHNRNAIN TS0, LIFTIE OpenXM 251 > X b=l 3N TW5B ERETS. OpenXM root
T4 L2 bU%$0penXM_HOMELEL. 14T 57U 77 )Lid2T ‘$0penXM_HOME/1ib’ iZB N TWN5S.
FATIVITRUTD 3 BEND 5.

e ‘libasir.a’
PARI, X11 BI#EO#EEE D 2. U > 72l ‘libasir-ge.a’ OAIUAE.
e ‘libasir_pari.a’
X11 B EOMEEZ S /2. U > 712l ‘libasir-ge.a’, ‘libpari.a’ ASAE.
e ‘libasir_pari_X.a’
LTOMEZEY. U7X ‘libasir-ge.a’, ‘libpari.a’ BL U X11 BED 1 75 U EEMN
WL,

RESNTVLERILUTOED TH 5.
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e int asir_ox_init (int byteorder)
475U OFHk. byteorder IZAEY EADNAFU CMO F—F~\DREHLEZEIEET 5. byte-
order 78 0 D& &L VEHD byteorder ZH 5. 1 @& Z network byteorder 2 W 5. #IH{L
W L7256 0, REDK: -1 23K

e void asir_ox_push_cmo(void *cmo)
A®Y LiZ@EMNMNZ CMO 5—% % Asir ONHBRICEH L TX Y v 712 push §5%. It converts
CMO data pointed by cmo into an Asir object and it pushes the object onto the stack.

e int asir_ox_peek_cmo_size()
AE I DEEMICH D Asir T—F % CMO KEBRLEEZDOY A X2RY. BRARRIBEITIT -1
ZiKY.

e int asir_ox_pop_cmo(void *cmo, int limit)
A%y 7 D EAICH D Asir 5—4 % pop L, CMO IZZH#:L T cmo TIN5 FIcEE, CMO
DA X%RY. ZOEE, CMO OYA X4 limit KD RKEWVWFEITT -1 2389, cmo FEI D7
< &® limit N1 S OEEFIZIETHENDHS. BHiIh/z CMO 2NAETE2EFOES 2H50IT,

asir_ox_peek_cmo_size ZHW5.

e void asir_ox_push_cmd(int cmd)
2w >aAR R cmd BETT 5.

e void asir_ox_execute_string(char *str)

Asir DEITRIREIRSLFH str Z#RITL, TOHREZAS v 71T push T5.

include X & header file i ‘$0penXM_HOME/include/asir/ox.h’ TH%. Z® header file 1T,
OpenXM iZBH9 %2 TO tag, command DEENZENTNS. ROH (‘$0penXM_HOME/doc/oxlib/test3.c’)
13 LB O HEZRT.

#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 *xkwd, *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);
fgets(buf ,BUFSIZ,stdin) ;
for (i = 0; buf[i] && isspace(bufl[il); i++ );
if ( 'buf[i] )
continue;
kwd = buf+i;
for ( ; buf[i] && 'isspace(buf[i]); i++ );
buf[i] = 0;
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bdy = buf+i+i;

if ( !strcmp(kwd,"asir") ) {
sprintf (sendbuf,"%s;",bdy) ;
asir_ox_execute_string(sendbuf) ;

} else if ( !strcmp(kwd,"push") ) {

h[0] = 0;
h[2] = 0;
i=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]1 = 0;
asir_ox_push_cmo (sendbuf) ;
}

} else if ( !strcmp(kwd,"cmd") ) {
cmd = atoi(bdy);
asir_ox_push_cmd (cmd) ;

} else if ( !strcmp(kwd,"pop") ) {
len = asir_ox_peek_cmo_size();
if ( !'len )

continue;
if ( len > result_len ) {
result = (char *)realloc(result,len);
result_len = len;
}
asir_ox_pop_cmo(result,len);
printf ("Output>"); fflush(stdout);
printf ("\n");
for (i =0; 1 < len; ) {
printf ("%02x ",result[i]);
i++;
if ( 1 (@%18) )
printf ("\n");
}
printf ("\n");

o7y I L3, keyword body 72% 1 72 AJ1 & U TEITED keyword iz U TRD K S IsE#E%E
75.
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A.

asir body

body % Asir SiETENMNIEREARL, ETHERE XY v 712 push §%. asir_ox_execute_string()
NHVWSNS.

push body

body % 16 #H TEREINZ CMO F—F &AL, Asir 7727 MIEHL TR v 71Z push

9 %. asir_ox_push_cmo () NHWSLENS.

pop \

2y IR MDA Tz hE CMO IKE#HL, 16 #EHTERTS. asir_ox_peek_cmo_size()
BELWY asir_ox_pop_cmo () BHNSENS.

cmd body
body # SM ax > R&EAMRL, EfT9 5. asir_ox_push_cmd() 2BSHWSLNS.

5 TES

A.5.1 Version 990831

4 R DRKET. BED 32bit (b, HEHITVRALED>TNBHOD, REIFIIZHIEEED> T

2E SRRV, L3, Windows Rz E13, plot 2 X 720729, BILLTWS.

HEOL—T2H> EBERETRNERL, IHRKTIES /= bsave file 2FHAADEH AL bload27 25 44

DB, LNIHRTHS.

A.5.2 Version 950831

A.5.2.1 F/I\vAH

FEREDORRICT /Ny 7 E— RIZANS.

finish J~ > KDE.

up, down, frame IV > RiZk %, fEEDAY v 7 7L —LDBIR.
trace I~ > RODE.

A.5.2.2 A IAHBEEL

sdiv() BEXBT B, TEKOIEEDYR—H.

sdivm() 2 &, HRE ETOZERBREDEM.

det(), res() B EIBITS, HAEAELTOHEDOYR—
vtol() (NZ BILInE U X R ADZEH) DOENN.

map () DESN.
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A.5.2.3 JULTFHEE

o J LT EEREEREDMAASEEIL.

e grm(), hgrm() 7% gr(), hgr() ITZEH.

e gr(), hgr() ITHBWT, HIEFOHEENBLEITED .
o JHJIEF DIgE T ENIRIR S Nz

o HIRMELODT L TFHEFHEDOYR—b.

o REZAMICILHENEFV LT FREFREOYR—b.
o N DMDH LW AA BRI DAL,

A.5.2.4 FDfth

SAEGHERY — )b, BEOE.

REMELED GCD FHEICBIZED 2 F5HEDIGA.
AT 7 IVDERFRDYR— K.

Windows D H.

A.5.3 Version 940420

B DNBRRK.

A.6 3k

[Batut et al.]
Batut, C., Bernardi, D., Cohen, H., Olivier, M., "User’s Guide to PARI-GP", 1993.
[Becker,Weispfenning]
Becker, T., Weispfenning, V., "Groebner Bases", Graduate Texts in Math. 141,
Springer-Verlag, 1993.
[Boehm,Weiser]

Boehm, H., Weiser, M., "Garbage Collection in an Uncooperative Environment", Soft-
ware Practice & Experience, September 1988, 807-820.

[Gebauer,Moeller]

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

[Giovini et al.]

Giovini, A., Mora, T., Niesi, G., Robbiano, L., Traverso, C., ""One sugar cube, please"
OR Selection strategies in the Buchberger algorithm", Proc. ISSAC’91, 49-54.
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Noro, M., Takeshima, T., "Risa/Asir — A Computer Algebra System", Proc. ISSAC’92,
387-396.
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[Shimoyama, Yokoyamal

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

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

[Traverso]
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