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e Macaulay 2 000 000DO0OOO0O0O00O0DODOOOOOOOODOOOOOOOOOO
000000 0.9.3000 Solaris, Windows, Linnx 000000000000 O0O0O
oboooboboooboobooooooboooooon
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e MAXIMAOOMITOOOUODOODODOOOODOODOODOO Macsyma D OO OOO0O
0000Dooo0GPLOODOODOOODODOOOOODOODOODOOODO MAXIMA
560 000000000000000Common Lisp0 00000000 OLispOOO
000000000 GCL(Gnu Common Lisp) 00 00O CLISP, CMU Common Lisp
goooooon
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0000O000O000o0o00o0U000 (DooUooOooooUoOooooUooOo
00)0b0o0ooooooooooooo
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GAP(Groups,Algorithms, and Programming) 0000 000000000O0000O0OO
00000000000 00GAPO 198500000000000000 J. Neubiiser 0 O
O000000000oo0ooooooooOo19s 000000 ooog GAP2400
gbobogoroooboooobooboooooboobobobobobnoboooboobo
O000O0OQ0Pascal OODOOOOODOOODOOOOOOOODOODOOOODOODO
O00000000O000000D 4.3(20020 50)00000000000O0O0OOOOOO
0000000000000 000O0Windows 9x0 NT(cygwinO0OOOOOODOOODO)O
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UNIXO MacOSOOOOOOODOOWindowsOO MacOSOODOOOOOODDOOOOO
OO00o0oo0000DOOo00OouUNIXOoOoooooooooooooooooooopooo

GAPOUOOOOOOOMMBOO (D0OOOOOO 128MBOOOOO)00O0OOOO
ooo

GApOO00O0OO0OOOOO0O0OOOOOCOOOOOOOOOOOODOD 320MBOOOO
O0000000marks 0000000000 0DOOOOODO 8OMBOOOOOOOOO
CARATOO0O0O00000O0O000O00O0O0ODO1IOMBOOOOOOOOOODODOOODODOO
oooobooog

2.1 GAPOOO
http://www.gap-system.org

O GAPOOOOOODOOODODODODGAPOOOOOOOOOOOODOODOGAPOOOO
000 GApOOOOOOOOOOOODOODOOO

http://www.math.rwth-aachen.de/”GAP

0000000000000 000000000000000000000
(http://www.ccs.neu.edu/mirrors/GAP 0 GAPOOODOOOOOOODOOOOOOO
0000000500000000000000000000000 GAP(GAP4.2)000
0ooooooo)
00000Ozoo, zip, 0000 targz 0000000000000 0O0O0O00COCOOO
UNIXOOOOOOtar.gzOOOOOO zooOOOOOOOOOWindowsOOOzipOOO
000 zooOOOOOOO0OOOMacOSOOO0O0O0O0O zooOOOOOOOOOOOOOO

ooog goo | 0o

basic4r3 5Mb | 000O0O00ODOODOODOOODOO
gap4r3 45Mb | 0000000000000 (UNIXO)
gappcdr3 48Mb | O0DOOO0OO0D00OO0O0O0O (Windows O)
goooobobobboooooooboboo
gapmacdrd | 49Mb | DO0OO0OO0D0O0O00O0O000 (MacOSO)
bin/mac0000000000000OO00OOO
goooooooooooooon
accpkgdr3 12Mb | 000O0OD0O0OOD0OO0ODOODOOODOOO
deppkg4r3 4Mb | OODODOOODOOOOOODOOO
xtom4r3 16Mb | DOODOO(ODOOODO)

010000000000

O0000000000000ObugfixesOOODOOOOO fixdr3anXzooOOOOODOO
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0000000000000000000000000O0WindowsO0OOOOOODOOODO
0000000wbinXXX.zoo 0000 bugfixes 0000000000000
0000000000000000000000000000000000000000
000000000(0000gap4r20000000000000000gap4r200000
000000000000000043000000000000000000000000
00 43000000000000000000000 (b000)0000000000
ooo)

2.2 UNIXOOOODOODOO

GAP430 UNIXOOOOO oOSOOOOOOOOQOOOOOOODOOOOOOOOO
goooocooooooooooOoOoOoOoOoOoOOoOoOoo

DECalpha under OSF 3.2 with GNU cc 2 or cc,
HP9000 under HP-UX with GNU cc 2,

IBM PC under Linux with GNU cc 2,

IBM RS/6000 under AIX with GNU cc 2,

SGI Mips under IRIX 5/6 with gcc2 or cc,

Sun Sparc under Solaris with GCC 2 or cc.

UNIXO GAPOOOO0O0O0O00000000O

gapdr3.tar.gz
accpkgdr3.tar.gz
deppkgdr3.tar.gz

xtomdr3.tar.gz
ooooooooooo
FreeBSD4.40 00000000000

1. 0000 /usr/tmp 0000000000 gapdr3.tar.gz O accpkgdr3.tar.gz (00000
0 O deppkgdr3.tar.gz O xtomdr3.tar.gz 0 ) 0000000000 (0O0OOOOOO
000oU0oooooon)

2. 00000000000000 (000 Jusr/local/ OO0O0OO0O0OO0OOOOOOOO
0)000000 gapdr3targz00OO OO0

tar xvzf /usr/tmp/gap4r3.tar.gz

U000000gap4r30 00000000 ODOOOOOOODODOOOODOODOOO

0000000000000 0000000000OOgap4r3/pkg00000OOODO
gooono
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cd gap4r3/pkg
tar xvzf /usr/tmp/accpkgdr3.tar.gz
tar xvzf /usr/tmp/deppkgdr3.tar.gz (OOODOODO)

oooooo
3. gapdr30000000000DO0O configured make 00O OODO

cd ..
./configure

make

gapd4r2 0 FreeBSD4.40 OSOO0OOOODOOCO0ODOCOOOOODOOODOOOODO
000000000000 (objectshOOOTRESERVED DO O OO0O0OOOOOO
OOO0OOOOOTRESERVED O objects h OO O OOOOOOODOOOCOOOOOO
O0000000000)0gapar3000000000000OOO0OO

4. make 000000000 O0GAPOOOOOCOOOOOOODOOOOOOOOObRInGO
00000000 gapshOOO0DO0OOOO0OODOOOOODOOOOODOOOODO

bin/gap.sh

O000000O0OD0OO GApOOOOOO

HHHHHARHH HH#HHHH HERHHBHHHEH #H##
HERHHBHHHBRAH HHHHHH HARHHEHHHERS H###
HARHHARHHBRHHY HH#HHARHS HERHHBRHHBRAH H###H#
HHHHHRHHH AR RS HH#HHAHH HH#HH# HEHHHH HH##H#
H#HHHH # HHHHHARHH HH##H# HH#HH# HHHHHH
H#HHHH HEHSHHBRHH HH#HH# HH#HH# HHHHHHH
HHHHH HHHH Y HESHH HHEHE RS
HH#H## HEHSH HHHEHS HESHH B R AR #HH  HHHH
A HHHH HHH## HH#H## HUSHH R R HHHH  HHHH
HitH## HERHHAH HitH## #iH#H HHHHHHE HHH## #itH#
HitH## Liziziszsd HitH## HH#H HitH#H HUHHHAHRH S
22220 2220 HHHBHARH RS HiH#H HURBHAHRH S
HEHHHHS 32220 HHHBHAR RS HitH## HHHBHARRHHH
HARHHARHHBRSHH RS HHSHHBHHHBHSHHARHSE HHERS #H#H##
HARHHAHHHBRHHEHR HHHH# HEH#H  HHEHHS HH#H##
HEHHHURFHH AR HH#H# H###H H##H# #H#H##

HEHSHHBRH HH#HH# HA#HH AR #H#H##
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Information at: http://www.gap-system.org
Try ‘7help’ for help. See also ‘7copyright’ and ‘7authors’

Loading the library. Please be patient, this may take a while.
GAP4, Version: 4r3 of 06-May-2002, i386-unknown-freebsd4.4-gcc
Components: small, small2, small3, small4, smallb5, small6, small7,

small8, id2, id3, id4, id5, id6, trans, prim installed.
Packages: tomlib, autpgrp, crisp, cryst, polycyclic, crystcat,
ctbllib, EDIM, GAPDoc, factint, lag installed.
gap>

0000000000000 0000000o00o0o00oUooO0)o0oo0dgap>
0O GApOOOOOOOOOOOOODODOO

gap> 2 * 3 + 4;

10

gap> Factorial( 30 );

265252859812191058636308480000000

gap> Size( SymmetricGroup( 10 ) );

3628800

gap> Factors( 10742 + 1 );

[ 29, 101, 281, 9901, 226549, 121499449, 4458192223320340849 ]
gap> m11 := Group((1,2,3,4,5,6,7,8,9,10,11),(3,7,11,8) (4,10,5,6));;
gap> Size( ml1l );

7920

gap> Factors( 7920 );

[2,2,2,2,3, 3,5, 11]

gap> Length( ConjugacyClasses( mi1l ) );

10

5. DoOoOoOoOoDOOOOoO0oOoOoOooDOOnOOOOOOOOODDDOOOOOOOO
00 gap.sh O /usr/local/bin/gap 0000000000 O0O0OOOODO

000 gap4r300000000000O0O0O0O0ODOOFeeBSDODOOOOODOOOOO
ubboooobooboooboobooooboooooboobooboooobooooobooonoag
ooooboooo

O000GAPOOOOOOOOOOOODOtstOOOOOOOOOO

gap> Read("tst/testall.g");

oooooo0ooooo0oobOo0oOooDoOoOoobboOooooDooO0oOon looMBOODDO
O0000000athlon 800MHzOO OO (ODOO 512MB)00000O0O0OO0O
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GAP4stones time (msec)

total 75714 2044512

000000 3400000000 Sharp PC-PJ2 (300MHz,128MB) 0000000000
oboooboboooboo1gb 1000004d

23 XGApPOOOOOOO

Oo000O0O00OO0O0 pkgOOD0ODOODOOOOOOOOOOOOOOOOGAPOOOOO
00000000 CO0000oooopooo0 GApOO0OOOOOODOODOOOOO
goco0oooooOoOoooooOoOoooooUoOooDoooOoOooDooOogOooDoooDOog
00000000000 0D0O0O0000O0Cconfignre0 00000000 OCO0ODOOODO
000000 /eonfigure 0 make 00 0000000000000 0OMakefile0 0000
make 00 O0OOOO0DOOOO

UNIXOOOOX-WindowOOOOOOQOOOOOOODOOOOODOOOOOOOXGAP
0000000000000 D000XGAPOOacepkgdr3a 000 ODOOOODOOOOOOO
oooOd

1. gapdr3/pkg/xgap 000000000000 configured make 000000

cd gap4r3/pkg/xgap
./configure
make

2. make 000000000 O0bDnDOOOOOODODOO xgapshOODOOOOODOOO
Oo00000000O0OO0OOODOODODOD XGAPOOOOOO

bin/xgap.sh

3. bin000000000000000000000 xgap.sh O /usr/local/bin/xgap O
0000000000000000

examples 100 0000000000000 0O00O0OO0O0ODDOO0OOOXGAPOOO
gdad
gap> Read("examples/puzzle.g");
gap> Puzzle(5,5);

Oo000O0O00OGAPOOOOOOOOOOOOOOO

24 WINDOWS ODOOOODOODO

GAP 0 Windows9x 0 0 0 0 O WindowsNT ,Windows XP OO O OO DO
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Windows OO OO00D0O0OO0O00O0DO

1. 0000e\tmp 00000000 Ogappedrd.zip O accpkgdrd.zip (00000 0O
deppkg4r3.zip 0 xtomdr3.zipd ) 00 000000000000 O00O0OO0OOOOO
ooooon)

2. winzip 000000 gappedr3zip 00 00000000000C\ODO0O0O0O(DO
000000000000000000000000000000000000000
ooooo)

O0000D000000000D0O00D00D0000000DC:\gap4r3\pkg 000
oo

gappcdr3.zip O accpkgdr3.zip O deppkgdrdzip 000000000 O0OOOOOOO
00 20MBOODOOOO

3. C:\gap4r3\bin 0O OO0O00D0OD GAPOOODOOOODO gap.bat OO0OOOCOODO
00000 gappif 000 000gap.pif 00000 0OO0OOOOOOOO

4. 000000000000000000 C:\gap4r3J 0000000 Ogap.pift000
000000000000 0D0OO0000O00 gappifd000O00D0OCOOODODOO
gobgooooobooooo

obooooboooooooo

ooooood C:\gap4r3\bin\gapw9s.exe
goooobooboo

000000000000000000 C:\gapdr30 GAPOOOOOOOOOOO
D0000000000000C:\mygap\gap4r30 00 0000000000000
00 O

C:\mygap\gap4r3\bin\gapw95.exe -1 C:\mygap\gap4r3\1lib
O00O0oOooK|ODOooooooo

5. J00bOO00ODbOO0bOoO0oOobooboOobOoOobD ooMBOOOODOODODODODOO
0000000 gappif COOODOOOODOOOOODOO O

c:\gap4r3\bin\gap95.exe -N -A -x 80 -r -m 100m
0000000 OK|DOOOODOOGAPODOOOO
gap> Read("C:/gap4r3/tst/testgall.g");

00000000000 O00000Sharp O PC-PJ2 (celeron 300Mhz, 128Mb) O O
O0000000GAP4stoned 0 36957004656 000000000000
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UNIXO GAPOUOUOOO0OO0O0O0O0O0O0O0O0O0O0O00O000DOO0OOOOOOOOODO
O000000ooDOoOO0OO0OWindowsOOODDOOODODOOOOOOOOOOOOOOO
oo00oo0o0oooOo0oOooooO0ooobo0o0d-m1o0mO0OOOO0O 100MBOOODOO
gboooboooobooboooooboo

0o000000000oooooooocOo0ooooooooooooooooooOoOoo
oboboooboobooboooobooooboooboooobooboooobooon
ooooogoo

3 GAPOOOO

gboogoo,bogboobooboobooboobooobooboooog.

3.1 000000

0 G={a,b:abbABBB =baaBAAA=¢}000000000A=a'00B=0b"10
ggboobedbooboog

gap> f:=FreeGroup("a","b");

<free group on the generators [ a, b 1>

gap> g:=f/[f.1x£.272%f . 1"-1*f.27-3,f.2%f . 172%f .27 -1%f . 17-3] ;

<fp group on the generators [ a, b 1>

gap> a:=g.1;

a

gap> b:=g.2;

b

gap> e:=Identity(g);

<identity ...>

gap> g;

<fp group on the generators [ a, b 1>

gap> e;

<identity ...>

gap> Size(g);

1

gap>
Og¢gO000D010000000,000000000DO.

3.2 DOUOOOoon

0200000 s500000000000000000A0O



J.JSSAC Vol. 9, No. 1, 2002 21

GAP4, Version: 4r2 of 29-Feb-2000, i386-unknown-freebsd4.4-gcc

Components: small, small2, small3, small4, smallb, small6, small7,
small8, id2, id3, id4, id5, id6, trans, prim, tbl,
tom installed.

gap> g:=FreeGroup("a","b"); #0OODOOO

<free group on the generators [ a, b 1>

gap> ico:=g/[g.17°5,(g.1*g.2)"2,g.2°3]; O0#200 00

<fp group on the generators [ a, b 1>

gap> Size(ico);

60

gap> s5:=Group((1,2),(1,2,3,4,5));

Group([ (1,2), (1,2,3,4,5) 1) #500000
gap> Size(sbh);

120

gap> ab:=CommutatorSubgroup(s5,s5); #50000000000000O0
Group([ (1,3,2), (2,4,3), (2,3)(4,5) 1) #0 00000
gap> ig:=Subgroup(s5, [(1,2,3,4,5),(1,4,2)]1);
Group([ (1,2,3,4,5), (1,4,2) 1)
gap> Size(ab);
60
gap> Size(ig);
60
gap> hom:=GroupHomomorphismByImages(ico,ig,Generators0fGroup(ico),
> Generators0fGroup(ig)); # O ico 0 ig OOOOOOOOOODO
la, b] > [ (1,2,3,4,5), (1,4,2) ]
gap> Kernel (hom) ;
Group(<fp, no generators known>)
gap> Size(Kernel(hom)); # 000000
1
gap> al:=PreImagesRepresentative (hom, (1,3,2));

# 00000 (1,3, 2000000000000
b"-1%a"-3%b"-2%a"-3*b"-2*%a"-1xb"-1*a”"-3%b"-2*a" -4
gap> a2:=PrelmagesRepresentative(hom, (2,4,3));

# 00000 (2,4, 00000000000
b~-1%a”-3%b~-2%a"-1*b~-1%a”-3*%b~-2%a"-1
gap> a3:=PrelmagesRepresentative (hom, (2,3) (4,5));

# 00000 (2,3)¢,5)0000000000O0

b -1xa~-1
gap> ico_ag:=Subgroup(ico, [al,a2,a3]);
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# 0 ico0000 [a1,a2,23] J0D00OO0O0OOOOO
# 0000ico0000DDOOO
Group([ b~-1*a”-3xb"-2*a~-3*b~-2%a”-1*b~-1%a"-3*b~-2xa" -4,
b~ -1%a”-3*%b~-2%a”"-1*b~-1%a"-3*b"-2%a"-1, b -1*a"-1 ])
gap> homl:=GroupHomomorphismByImages(ico_ag,a5b,
> Generators0fGroup(ico_ag), GeneratorsOfGroup(ab));
# 0 ico0000O0O [a1,a2,23] 00000 500000
#0 0000000000
[ b"-1%a"-3%b"-2%a"-3*%b"-2%a"-1*b"-1*a"-3*%b"-2%a"-4,
b -1%a”~-3*%b"-2%a”~-1*b"-1%a”-3%b"-2*a"-1, b "-1xa"-1 ] ->
[ (1,3,2), (2,4,3), (2,3)(4,5) ]
gap> Kernel (homl);

Group([ 1)

gap> Size(Kernel(homl));
1

gap>

00000000 gap4&r200000000O0gap4r30000000000000O00OO

ooog

Loading the library. Please be patient, this may take a while.
GAP4, Version: 4r3 of 06-May-2002, i386-unknown-freebsd4.4-gcc
Components: small, small2, small3, small4, smallb, small6, small7,

small8, id2, id3, id4, id5, id6, trans, prim installed.
Packages: tomlib, autpgrp, crisp, cryst, polycyclic, crystcat,
ctbllib, EDIM, GAPDoc, factint, lag installed.
gap> g:=FreeGroup("a","b");

gap> al:=PreImagesRepresentative(hom, (1,3,2));
a~-1xb*xa”3*b

gap> a2:=PrelmagesRepresentative(hom, (2,4,3));

b -1*%a”"—1*b*a"-2*%b"-2

gap> a3:=PrelmagesRepresentative (hom, (2,3) (4,5));
b -1xa~-1

gap> homl:= ...
gap> Kernel (homl);
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Error, cannot test whether <C> contains the family of its elements
called from IsWholeFamily( f ) called from
KernelOfMultiplicativeGeneralMapping( map )

called from <function>( <arguments> )

called from read-eval-loop Entering break read-eval-print loop ...
you can ’quit;’ to quit to outer loop, or you can ’return;’

to continue

brk>

O0O000 homlUO kernel O O0OO000O0O0O0OOD0ODDOOOOa]L,a2,¢30000 gapdr2
oooooooooogo

4 0O0O0OO

0000000000000000000000000000000000OoOoODOOO0O
0000000000000 000000000000O000000000000O0O0OO0OO
000000000000 000000ODO0O0O0O000000D00oooOODODODOO0O0OO
0000000000000 00000000ODO0O0O00000D00D00ooOODOO000
0000000000000 00000000O0O0000D0DoDUDOoooooOooooooOo
goooo

02000000000000 gap4ar20000000C000O0O0O500 gap4r3d0nonono
oo0o0O0OO0O0000O0o0o0oooooOoOoOODOO0O0OUOUOOoOooooooDooDoOO
O000OO0gap0O000O0O0O0OODOOO0OOOODOOOOODOODOOOOOOOODOOO
(0000000000000 0O0O0O0OU0U0OOO0OODU0DUOODOOOoDOOOY0nOOn
000)0000000O000000O0O000O0O0O00OO0O00ODOO0OOOODOOUOOD
oo0o0oO0OO0OO000O0O0OoooooOoOOOOOO0O00OOoOoOOoOoooooOoOoOoOoOoOO
00O00ooo0o00ooOo00ooOo0o0ooOo0o0ooOoOoooooOOoooooDO (OO
O0000)DOOOUNIXOOO oOSOoOooooooooooooooooooon oS
ooooooooODOOOOOOOO0O

00000000 FreeBSDOOOOOODOOOOODOconfigured make 0000000
O00Oport 0000000000000 ODOOO asir (asir2000), gap, jacal, yacas 0 0 O
0000000000000 0000C0O0O0O0O0O0O000000D0oDUOooooooOoDOO
00000 pkgaddJ0O00O00000000O00O00O00OLInuxO000 BSDOO UNIX
ooooooooog

gobogoood

[1] SAL (Symbolic Applications on Linux): http://sal.kachinateck.com/

[2] SymbolicNet (Information Center for Symblic and Algebraic Computation):
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[10]

[11]

o000 0 900 10 2002

http://www.SymbolicNet.org/

Mathematical Resources by Bruno Kevius: Computer Algebra, Symbolic mathematics
http://www.abc.se/~ m9I847/matre/comal.html

O000:CcCO00 GAPOUOUOOOUOOOOOOOOOODOOODODO20000 40

G.-M. Greuel and G. Pfister: A SINGULAR Introduction to Commutative Algebra,
Springer-verlag, 2002 0 5 O

David Eisenbud, Daniel R. Grayson, Michael E. Stillman, and Bernd Sturmfels: Com-
putations in algebraic geometry with Macaulay 2, Springer-Verlag,2001 0 9 O

M. Kreuzer and L. RObbiano: Computational Commutative Algebra 1, Springer.
CoCoA — Computations in Commutative Algebra:

http://cocoa.dima.unige.it

http://www.physik.uni-regensburg.de/ krm03530/cocoa
FELIX — computer algebra system for commutative and non-commutative algebra:

http://felix.hgb-leipzig.de/
http://www.ibiblio.org/pub/Linux/apps/math/

Fermat — computer algebra system for MacOS and Windows:
http://www.bway.net/ lewis/
GAP — Groups,Algorithms, and Programming;:

http://www.gap-system.org/~gap/
ftp://ftp-gap.dcs.st-and.ac.uk/pub/gap/gaps

GiNaC — open framework for symbolic computation within C++:

http://www.ginac.de/
ftp://ftpthep.physik.uni-mainz.de/pub/GiNaC/

HartMath — a computer algebra system written in Java:
http://www.hartmath.org/

Kalamaris — mathematical package similar to Mathematica:
http://perso.wanadoo.es/antlarr/kalamaris.html

JACAL — symbolic simplification and manipulation of equations:
http://www-swiss.ai.mit.edu/"jaffer/JACAL.html

Macaulay 2 — algebraic geometry and commutative algebra:
http://www.math.uiuc.edu/Macaulay2/

Mathomatic — artificially intelligent algebraic manipulator program:

http://www.lightlink.com/computer/math/



J.JSSAC Vol. 9, No. 1, 2002 25

[18]

[19]

[20]

MAXIMA — computer algebra system for symbolic an numerical computations:

http://www.ma.utexas.edu/maxima.html
http://sourceforge.net/projects/maxima/

http://www.gnu.org/software/maxima/

Pari/GP — formal computations on recursive types at high speed (CA system in num-

ber theory):
http://www.parigp-home.de/
Risa/Asir .0 000000000 0OOOOO

http://risa.cs.ehime-u.ac. jp/
http://www.math.kobe-u.ac. jp/Asir/asir.html

SACLIB - library for C programs for computer algebra:
http://www.ics.udel.edu/"saclib/
SAML — a simple algebraic math library:

http://topo.math.u-psud.fr/ “bousch/saml-eng.html
ftp://topo.math.u-psud.fr/pub/bousch/

SIMATH —computer algebra system for number theory:

http://diana.math.uni-sb.de/"simath/

SimLab :
http://www.cs.cornell.edu/Info/Projects/SimLab/
Singular — a computer algebra system for polynomial computations:

http://www.singular.uni-kl.de/
Yacas — a small and highly flexible computer algebra language:

http://www.xs4all.nl/"apinkus/yacas.html
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