[ > restart:
| > libname;
with (SINGULARPLURALlink) ;

! "#
SINGULARPLURALIINk 0.3 beta (May 15, 2008) says Hello...
3 function(s) exported
===>If you find this packages useful, please let us know about your derived work.
===>You can contact us at http://math.tntech.edu/rafal/ or http://clifford.physik.
uni-konstanz.de/~fauser/
===>This package requires CLIFFORD/Bigebra for Maple available from http://math.tn
tech.edu/rafal/
===>Singular:Plural requires nctools.lib and clifford.lib libraries to be installe
d. Consult http://www.singular_uni-kl.de/
Clifford package with 84 functions loaded...
Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebra[help

1
Bigebra package with 33 functions loaded...

. $PLURALforClink PLURALforGlink SINGULARIink linkversion'
[ > linkversion() ;
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Usage: Procedure SINGULARIink uses the following input arguments:'
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:> linkversion() ;
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http://math.tntech.edu/rafal/

This package requires CLIFFORD/Bigebra for Maple available from http://math.tntech.edu/rafal/
Singular:Plural requires nctools.lib and clifford.lib libraries to be installed. Consult http://www.s
ingular.uni-kl.de

++++++++++++This is SINGULARPLURALIink for Maple 11 version 0.3 with drp+++++++
+++++

>

/)*I+l lll)_l *)Illl * )I

> #dirpathSexe:="C:/cygwin/usr/local/Singular/2-0-3/ix86-Win/Singula
r.exe": #A path to Singular executable VERSION 2-0-3
dirpathSexe:="C:/cygwin/bin/bash -1 C:/cygwin/bin/Singular";
#A path to Singular executable VERSION 3-0-4

transfer directoryM:="C:/transferM": #A user-defined path to
a directory where Singular should write its output file Out.txt
for Maple.

transfer directoryS:="C:/transferS": #A user-defined path to
a directory where Maple should write its input file In.txt for
Singular.

input for Maple:=transfer directoryM; #A path to a directory

where Singular will write its output file Out.txt for Maple.
input for Singular:=transfer directoryS; #A path to a directory
where Maple will write its input file In.txt for Singular.

dirpathSexe' C' &+" " )5 &+ " gL
input_for_Maple'C* * ")
input_for_Singular' C*  * ™)

>
Example 1:' ™ )* * 'zttt , 'SINGULARIlink 'O '™,) ‘'+* ' * "'xn% 2
, ' ,* ’*)' -) % L S L R AR ’*- ' "&’ won o o _w ) LY )"- %1

NI R S ' )#"- -*-"(#)- "&, LI ’*-*-
> £:=2*x*210+4*x"9;

g:=4*y-8-x;

h:=f*g*2+z*4;

k:=-5*x210+x"9*z*2;

m:=x*y*z;

L:=map (expand, [f,qg]) ;

vars:=sort (convert (indets (L) ,list)) ;



N:=nops (vars) ;

_Maple, 'infty','t');

ring R = 0,(X,y,z2),1p;
ideal 1 =

2*x"10

+ 4*xN9

4*y
+ -8
+ -X

32*FxN10*yN2
-160*x"10*y
+ -16*x"11*y
192*x”~10
36*xM11
2*xN12
64*xXNI*yN2
-256*xX"N9*y
256*x"9

z"N4

-+

+ 4+ + + + + +

I5%xA10
+ XN9*zN2

i*y*z
éhortzo;

option(redSB);
ideal J = groebner(l);

feo>xe<x

g'C<y—-6-x

kC-8x°+x'7

m'C'xyz

vars' C'$x yh
N' C'>

write(":w C:/transferM/Out._txt',J);

L quit;
[ >
Example 2:" ™ )* * "=t (00
YY) e o e
LI ’* L LI LR NI '*)' ,* ’*' '1’**_*-
x _ " ) R I L LI L ")'* *!
R A AR B R B - 3 R

%

'O

ll&,

l+ |+

%

*'%

%1

L' C$>x *+<x’ <y—6—xk

h' CO>x?+<x Al<y—6-xA +2°

Trying to create and display input file for Singular... proceeding...

e Ry e,

-",) LR LU
o)yt t)y )
romg, Mt = xRy

* ! *)' _ ’* x o --)*

:> SINGULARlink ([f,g,h,k,m],0,1p, [x,y,2] ,input_for Singular,input for

' * %k k"% Tk
1,%%.

% % (111
7

Ly
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>

[ > £:=2*x~10+4*x"9;
g:=4*y-8-x;
h:=f*g”*2+z"4;
k:=-5*x210+x"9*z*2;
L:=map (expand, [f,qg]) ;
vars:=sort (convert (indets (L) ,1list)) ;
N:=nops (vars) ;

feo>x+<x

g'C'<y—-6-x

h' Co>x°+<x' A<y —6—xK +7°
kC-8x°+x'7
L' C$>x P +<x’ <y—6—xb
vars' C'$x yh
L N'C'>
| > SINGULARlink([f,g,h],0,dp, [x,y,2z],input_for Singular,input_ for Map
le, 'infty','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
Sx—<y+6 2>y’ —;7y 4y~ PP2YT+29<6y’ — < >y >>6<6y° —>8;<<y’
+ 6<;>y —P7;2y+ 8;?%

O LLLLL I 3 ' * Tkt f. ! )' ) Yk ' *! )'* ' R * ! "& ! '

> SINGULARlink([f,g,h],0,dp,[z,y,x],input for Singular,input for Map
le, 'infty') ;

Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
$<y—6-x 2" xT+>x"%
> SINGULARlink([£f,g,h],0,1p,[z,y,x],input for Singular,input for Map

le,30);

Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...

$x P +>x" <y—6-x z°%

>
[Example3l )* ll&l) _ v 1 LI )) &)
> SINGULARlink([f,g,h],0,LP,[z,y,x],input for Singular,input for Map

le,30);
Warning, third argument, total order, must be one of lp, dp, rp, Dp, Is, ds, or



Ds. Order drp only makes sense with noncommuting variables! Proceeding anyway...

Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
Singular has not returned any results... increase 'wait' time or make it "infty’
$ %
> SINGULARlink([f,g,h],0,1p,[z,y,X],input for Singular,input for Map

le,30);

Error, (in SINGULARPLURALIink:-SINGULARIINk) extra variables found in polynomials
that do not appear in elimination list

> SINGULARlink([f,g,h],0,1p,[z,y,x],input for Singular,input for Map
le, 'infty','p');

Error, (in SINGULARPLURALIInk:-SINGULARIINk) last optional argument needs to be

"t* (for displaying to terminal) or "d" (for saving to disk)

> SINGULARlink([£f,g,h],-1,1p,[z,y,x],input for Singular,input for Ma
ple, 30);

Error, invalid input: SINGULARPLURALIINnk:-SINGULARIiInk expects its 2nd argument,
C, to be of type nonnegint, but received -1

>
>t , 'PLURALforGlink — *'" ,» I L D D B
CD/ECD > "E'™' )= & 2 oy ottt Ly
gty oy oy )
"gC9 > 3 ; <87?2P 6 TA
2 c2.
)t g2
1 C :I
I>C :l
IIIC :I
IC > Il:l
©OC) BA
O L] (P l+ #l+ % ))_ i & IH &+ & B7H ]

[ > B:=diag(0$9) :

MonOrderS:=Deg[Lex] : ### same as Plural's dp monomial order
eval (Clifford:-makealiases (9, 'ordered')):

el2;

el?



| Example4: - ' — *x " ¢ ry)yy™' - & D >E
.| "H &+ & B<H

[ >

[ > £f1,£f2:=2*elwe2+e2-4*e3wed ,el;

F:=[£f1,£f2];

vars:=[seq(e| |i,i=1..9)];

wedge (£f1, £2) ;

fl f2'C'>el2+e2—-<e34 el
F'C'$>el2 +e2 —-<e34 ell

vars' C'$el e2 e3 e4 e5 e6 e7 e8 e9Y

Cliplus has been loaded. Definitions for type/climon and type/clipolynom now inclu
de &C and &C[K]-. Type ?cliprod for help.

L —-el2 -<el34
r/ )* "+ -) 4 R LR S I n
oo //13 & 0 #E&E )y ™ D ) E T
, fLe L = tormrst )' N e )'* '+ & , ¥ )' - 5 )'
FORE ATTERT M e gt r e ) Ty sty
— P EEE R SN+ R &)Yt /13 & #& Y
ey S G (Y 7Z T T S U U
/, * _ L Y 1, LT LY )'V,)*'+ *k 10 )- W o>
+ ' )- TS *-)-* -)* WS — 0 )"- R S *( v ) "*)-* '
T L ) S AL UL & S L e R 'S
roo, Ll I L T A
"y "o )- L 'R D k% gt A *1 )-+ Tonan
o +* )¢ o ) R TSW W SX ShW W<t ! T, o)
o )- ) ' # o UL )l* LI ") x 1 grooworr wwow //1 3 & '
D
)y o ' B L B ) g, b,

> PLURALforGlink (F,0,dp,vars,input for Singular,input for Maple, 'inf
ty','t");

Trying to create and display input file for Singular... proceeding...
LIB "nctools.lib";
ring R = 0,(el,e2,e3,e4,e5,e6,e7,e8,e9),dp;
def ER = Exterior();
setring ER;
ideal 1 =
2*el*e2
+ e2
+ -4*e3*e4




el

short=0;

option(redSB);

ideal GB = std(l);

write("":w C:/transferM/Out.txt",GB);

quit;
AN *, LI ,*" LI ))' LI e 2 R F (' "o )' )'
)Y Tt = e yooowe (=

http://math.tntech.edu/rafal/’

2 2 2 '3& W) Hy=")yr, o - - "+ )3 &$"C W )™
Y- yEE R oA )
> GB1l:=PLURALforGlink (F,0,dp,vars,input for Singular,input for Maple

,'infty','d");
nops (GB1) ;

Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
GB1' C'$el <e34—e2 e24 e23%

<
DTy Ty v TD SE
Example 5.0 ' "& ' Pt (o= Ce A A+ ) =)
3&"C W o //1 3 & ")) & ' Y, "t *.F 'E'.FO*
6 CE'% 6 "™ )t "0, *7% (C't *Gr ™t & =)t e Y 5"
*H')" ) *( 'This order has no special name in Singular:Plural ' ,*+ ' '* ") *: Y
Sl S B T A T

> PLURALforGlink (F,0,drp,vars,input for Singular,input for Maple, 'in
fty','t');

Trying to create and display input file for Singular... proceeding...
LIB "nctools.lib";
ring R = 0,(el,e2,e3,e4,e5,e6,e7,e8,e9),(a(1:9),rp);
def ER = Exterior();
setring ER;
ideal 1 =
2*el*e2
+ e2
+ -4*e3*e4

el
éhortzo;
option(redSB);

ideal GB = std(l);
write("":w C:/transferM/Out.txt",GB);



| qu
>
>

>

>
>

it;

PLURALforGlink (F,0,drp,vars,input for Singular,input for Maple,'in
fty','d'");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
$el e23 e24 <e34 —e2f

[ >

| Example 6: — ' — **x " ¢ ey op-=-"" & oC'D >E'
i "H &+ &B?HO",)'- " — ' C'3 &8

[ >

> £f1,f2:=e56-e23,e45-el13;

F:=[£f1,£2];
vars:=[seq(e||i,i=1..6)];
wedge (£f1,£2) ;

fl f2' C'e56 — e23 e45 —el3
F' C'$e56 — e23 e45 —el13%
vars' C'$el e2 e3 e4 e5 e6l

—£2345 - e1356
PLURALforGlink (F,0,drp,vars,input for Singular,input for Maple,'in
fry','t'");
Trying to create and display input file for Singular... proceeding...

LIB ""nctools.lib";

ring R = 0,(el,e2,e3,e4,e5,e6),(a(l:6),rp);
def ER = Exterior();

setring ER;

ideal 1 =

e5*e6

+ -1*e2*e3

ed*e5
+ -1*el*e3

short=0;

option(redSB);

ideal GB = std(l);

write("":w C:/transferM/Out.txt",GB);
L quit;

PLURALforGlink (F,0,drp,vars,input for Singular,input for Maple,'in
fty','d'");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
$e45 —el3 e56 — e23 el34 e135 €235 el36 — e234 e236%
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o' — ' ST B U A R
C3 & .4

| > with(linalg):
B:=diag(1,1);
fl:=el+2%e2;
f2:=3*el+cmul (el,e2);
F:=[£f1,£f2];
clidata([2,0]);
vrs:=[el,e2];

o,

f1' C'el +>e2
f2' C'; el +el2
F'C'$el+>e2 ;el+el2k

) Id el
[real > simple Sty $Id e2% $Id% $lId eZ%}

vrs' C'$el e2
e S R r,

7> PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple,'in
fry','t');
Trying to create and display input file for Singular... proceeding...




LIB "clifford.lib";
ring R = 0,(el,e2),dp;
option(redSB);
option(redTail);
matrix M[2][2]1;
M[1,1]=2;M[2,2]=2;
clifAlgebra(M);

qring Q =twostd(clQuot);
ideal 1 =

el

+ 2*e2

é*el
+ el*e2
éhortzo;

ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GBLJJ=NF(GBLj]1,std(0));}}

Wr!te(":w C:/transferM/Out.txt",GB);
quit;
> PLURALforClink(F,0,dp,vrs,B,input for Singular,input for Maple, 'in
fty','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
$1d%
Thus, the above does show that the ideal is the entire algebra CI(R"2) since it contains the
identity element Id. However, we can check that as follows:

Example 8:"/ +"&2. — ‘< ' —L# (" Q# 1 (*' —=," f Uhggrr v
et
O' — ,»'r  mry)y o Y& P e

C3 8 "( b’

> with(linalg):
B:=diag(1,1);
fl:=el+2*e2;
f2:=3*el+cmul (el,e2);
F:=[£f1,£f2];
clidata([2,0])
vrs:=[el,e2];

wcly

fl'C'el +>e2
f2' C'; el +el2
F'C'$el+>e2 ;el+el2k



) Id el
[real > simple St $Id e2% $1d% $1d eZ%}

vrs' C'$el e2
e S R 1 '

| > PLURALforClink (F,0,drp,vrs,B,input for Singular,input for Maple,'i
nfty','t');

Trying to create and display input file for Singular... proceeding...
LIB "clifford.lib";
ring R = 0,(el,e2),(a(1:2),rp);
option(redSB);
option(redTail);
matrix M[2][2]1;
M[1,1]=2;M[2,2]=2;
clifAlgebra(M);
qring Q =twostd(clQuot);
ideal 1 =
el
+ 2*e2

é*el
+ el*e2
éhortzo;

ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GB[j1=NF(GB[}j],std(0));}}

@rite(":w C:/transferM/Out.txt",GB);
quit;
> F:=PLURALforClink (F,0,drp,vrs,B,input for Singular,input for Maple
,"infty','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
F' C'$1d%

Thus, the above does show that the ideal is the entire algebra CI(R”"2) since it contains only
identity element Id.

>

CExample 90/  +"€2. — <> —'L# (" Q# 1 (*F ——=," o "S00%

o' — ' SRR U A T = e
C3 8 .4

> B:=diag(1,1,1);
fl:=3*Id-el;
£f2:=cmul (el,e3)+e2;
F:=[£f1,£f2];




clidata([3,0]);
vrs:=[el,e2,e3];

B'C'|9 9
9 9
f1' C'; Id —el
f2' C'el3 + €2
F'C'$; 1d—el el3 +e2k

Id el
{complex > simple St $Id e2 e3 e23% $1d e23% §$Id eZ%}

L vrs' C'$el e2 e3h
| > PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple,'in
fty‘ , ltl) ;

Trying to create and display input file for Singular... proceeding...
LIB "clifford.lib";
ring R = 0,(el,e2,e3),dp;
option(redSB);
option(redTail);
matrix M[3][3]1:
M[1,1]=2;M[2,2]=2;M[3,3]=2;
clifAlgebra(M);
qring Q =twostd(clQuot);
ideal 1 =
3*1
+ -1*el

él*e3
+ e2

éhort:O;
ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GB[JI=NF(GB[]j].,std(0)):}}

@rite(":w C:/transferM/Out._txt",GB);
L quit;
[ > PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple,'in
fty','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...

L $1d%
>
| Example 1000 ' — * ' "))y o AR ' & e
C3&TC Gkt
oMot "'CD/E'CD > ; <E'C" @ F;A")'"H) ™ T ROt

_*(- — " C




| > B:=diag(1,1,1);
£f1:=1/2* (Id+el) ;
£f2:=cmul (e2,£f1) ;
£f3:=cmul (e3,£f1);
f4:=cmul (e23,£fl) ;
F:=[f1,£f2,£3,£f4];
clidata([3,0])
vrs:=[el,e2,e3];

B'Cl9 9
9 9

ld el
fl'C'—+—
> >

el2 e2
f2C——+—
> >

el3 e3
f3C——+—
> >

e23 el23
ﬁ4'C“—;—'+

—— -+ - +—— +

- C'[ Id el el2 e2 el3 e3 e23 e123}
> > > > > > > >

Id el
{complex > simple N $Id e2 e3 e23% $1d e23% $Id eZ%}

L vrs' C'$el e2 e34%
| > PLURALforClink (F,0,drp,vrs,B,input for Singular,input for Maple,'i
nfty','t'");

Trying to create and display input file for Singular... proceeding...
LIB "clifford.lib";
ring R = 0,(el,e2,e3),(a(1:3),rp);
option(redSB);
option(redTail);
matrix M[3][3]1:
M[1,1]=2;M[2,2]=2;M[3,3]=2;
clifAlgebra(M);
qring Q =twostd(clQuot);
ideal 1 =
1/2*1
+ 1/2*el

:1/2*e1*e2
+ 1/2*e2

Z1/2%e1%e3
+ 1/2*%e3




1/2*e2%e3
+ 1/2*el*e2*e3

éhort=0;
ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GBLJJ=NF(GBLj]1,std(0));}}

@rite(":w C:/transferM/Out.txt",GB);
quit;
> F:=PLURALforClink (F,0,drp,vrs,B,input for Singular,input for Maple
,"infty','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...

F'C'$el + Id%
* ' )- *l) , e .), ) ook 0 nwoa ))- oot g ' ) T -) '
Mmoot ww oty Ct § F3A CDOE
Example 11'0 +"& . — '<;' ='L# (" O v (" ==, N
o' — ' "o ))- "ot AR ) ' @ A4 ko '
cC3& M4'Y+ ( "™ ) )rcor " % & pAC )=k O
"y "

> B:=diag(0,0,0); #Grassmann algebra
fl:=Id+el+cmul (e2,e3);
£f2:=cmul (el,e3)+cmul (el,e2,e3);
f3:=el-2%e3;
F:=[fl1,£f2,£3];
vrs:=[el,e2,e3];

9 9 9
B'C19 9 9
9 9 9

f1' C'ld + el + €23
f2' C'el3 + €123
f3' C'el —>e3
F'C'$ld+el+e23 el3 +¢e123 el —>e3k

vrs' C'$el e2 e3%

> PLURALforClink (F,0,dp,vrs,B,input_ for Singular,input for Maple, 'in

fry','t');

Trying to create and display input file for Singular... proceeding...

LIB "clifford.lib";
ring R = 0,(el,e2,e3),dp;
option(redSB);
option(redTail);



matrix M[3][31;
M[1,1]=0;M[2,2]=0;M[3,3]=0;
clifAlgebra(M);

qring Q =twostd(clQuot);
ideal 1 =

1

+ el

+ e2*e3

el*e3

+ el*e2*e3
el

+ -2*e3
éhort=0;

ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GBLJJ=NF(GBLj]1,std(0));}}

write("":w C:/transferM/Out.txt",GB);
quit;
> PLURALforGlink (F,0,dp,vrs,input for Singular,input for Maple, 'inft
y', 't
Trying to create and display input file for Singular... proceeding...
LIB "nctools.lib";
ring R = 0,(el,e2,e3),dp;
def ER = Exterior();
setring ER;
ideal I =
1
+ el
+ e2*e3

el*e3
+ el*e2*e3
el
+ -2*e3
éhort=0;
option(redSB);
ideal GB = std(l);
write("":w C:/transferM/Out.txt",GB);
L quit;
>
| > G1:=PLURALforClink(F,0,dp,vrs,B,input for Singular,input for Maple
,'infty','d'");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
L G1' C'$ld%
> G2:=PLURALforGlink (F,0,dp,vrs,input for Singular,input for Maple, '
infty','d'");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...




G2' C'$ld
(>
CExample 127/ +U"& . — <3’ —'L# (" Q#F V(' -
o' — ' SR D U Y AR N B O
C38& .4'Y +( "™ ) )rco o ‘& ' §AC
Yty , 'PLURALforGlink '

| > B:=diag(0,0,0); #Grassmann algebra
fl:=Id+el+cmul (e2,e3);
f2:=cmul (el,e3)+cmul (el,e2,e3);
f3:=el-2%e3;
F:=[f1,£2,£3];
vrs:=[el,e2,e3];

9 9 9
B'Cl9 9 9
9 9 9

f1' C'ld + el + €23
f2' C'el3 + €123
f3' C'el —>e3
F'C'$ld+el+e23 el3 +¢e123 el —>e3k
vrs' C'$el e2 e3%

nfty','t');

LIB "clifford.lib";

ring R = 0,(el,e2,e3),(a(1:3),rp);
option(redSB);
option(redTail);

matrix M[3]1[3]1;
M[1,1]=0;M[2,2]=0;M[3,3]=0;
clifAlgebra(M);

qring Q =twostd(clQuot);
ideal 1 =

1

+ el

+ e2*e3

él*e3
+ el*e2*e3

el
+ -2*e3

éhort=0;

L3

))-

Trying to create and display input file for Singular... proceeding...

Transfer directory for Singular already exists... proceeding... waiting for Singular results...

¥ >09?!

&

%
7

lol

> PLURALforClink(F,0,drp,vrs,B,input for Singular,input for Maple,'i



ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GB[JI=NF(GB[]j].,std(0)):}}

@rite(":w C:/transferM/Out._txt",GB);
quit;

>

[ >

PLURALforClink (F,0,drp,vrs,B,input for Singular,input for Maple, 'i
nfty','d'");
PLURALforGlink (F,0,drp,vrs,input for Singular,input for Maple, 'inf
ty','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
$1d%
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...

$1d%
Example 13 { +"& . — << SL# ¢" O v (== N
o' — "' D VAR & A e ' C3¢& W
+ C9* )t f NC2.% & Y + ( ")) - '
> B:=diag(0,0,0); #Grassmann algebra

>

fl:=cmul (el,e2,e3)+cmul (e2,e3) ;
f2:=el-2%e3;
F:=[fl,£2];
vrs:=[el,e2,e3];
9 9 9
B'Cl9 9 9
9 9 9
f1' C'e123 + €23
f2' C'el —>e3
F' C'$e123 + €23 el —>e34
vrs' C'$el e2 e34
PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple,'in
fty','t');
Trying to create and display input file for Singular... proceeding...

LIB "clifford.lib";

ring R = 0,(el,e2,e3),dp;
option(redSB);
option(redTail);

matrix M[3][3]1:
M[1,1]=0;M[2,2]=0;M[3,3]=0;
clifAlgebra(M);

qring Q =twostd(clQuot);



ideal 1 =
el*e2*e3
+ e2*e3
el

+ -2*e3
short=0;

ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GB[Jj1=NF(GB[j],std(0));}}
@rite(":w C:/transferM/Out.txt",GB);
quit;
> PLURALforGlink (F,0,dp,vrs,input_ for Singular,input for Maple, 'inft
y','t");
Trying to create and display input file for Singular... proceeding...
LIB "nctools.lib";
ring R = 0,(el,e2,e3),dp;
def ER = Exterior();
setring ER;
ideal 1 =
el*e2*e3
+ e2*e3
el
+ -2%*e3
éhort:O;
option(redSB);
ideal GB = std(l);
write(":w C:/transferM/Out.txt",GB);
L quit;
| > PLURALforClink(F,0,dp,vrs,B,input for Singular,input for Maple,'in
fty','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
$el —>e3 €23k

O ™ (™ YL ) T =TT L))
_ " ’)5 . "ot

R I AT = U N 74 N T T UL
//1 3

> map (Cliplus:-cliexpand, %) ;
$el—>e3 e2Z e3h
> map (Cliplus:-clieval, %) ;
$el —>e3 e234%
> PLURALforGlink (F,0,dp,vrs,input_ for Singular,input for Maple, 'inft
y','d");
Transfer directory for Maple already exists... proceeding... waiting for Singular results...




$el —>e3 €23k
[ > map (Cliplus:-cliexpand, %) ;

$el—>e3 e2Z e3h
> map (Cliplus:-clieval, %) ;
$el —>e3 e23%

O ™ (™ )Y ) T )= )
SRS LR R DR L

Example 14:'

[O " ™M, wE )y gt [>0A
| > B:=diag(1,1);

eval (makealiases(2)) :
clid:=clidata([2,0]) ;
N:=nops (clid[5]) ;

ocly

L N'C'>
[ > £:=clid[4];
f:=eval (£f);
for i from 1 to N do
glli:=clid[5][i]’
end do;
for i from 1 to N do
flli:=cmul(g||i,£f);
end do;
F:=[£f1,£2];
Id el
fC—+—
> >
ld el
fC—+—
> >
gl' C'ld
g2' C'e2
Id el

Transfer directory for Singular already exists... proceeding... waiting for Singular results...

LCL YT
e 7,

Id el
clid' C{real > simple St $1d e2% $ld% $1d eZ%}



el2 e2
f2C——+—
> >

ld el el2 e2
FCl—+— ——+—
> > > >

> vrs:=[seq(e]| |k,k=1. .maxindex(F))];

vrs' C'$el e2h
> PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple, 'in
fry','t');

Trying to create and display input file for Singular... proceeding...
LIB "clifford.lib";
ring R = 0,(el,e2),dp;
option(redSB);
option(redTail);
matrix M[2][2]1;
M[1,1]=2;M[2,2]=2;
clifAlgebra(M);
qring Q =twostd(clQuot);
ideal 1 =
1/72*1
+ 1/2*%el

Z1/2%e1%e2
+ 1/2*%e2
éhort=0;

ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GBJI=NF(GBLj]1,std(0));}}

@rite(":w C:/transferM/Out.txt",GB);
L quit;
> GB:=PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple
,"infty','d");
ff:=op(GB)/2;
Transfer directory for Maple already exists... proceeding... waiting for Singular results...

Transfer directory for Singular already exists... proceeding... waiting for Singular results...

GB' C'$el + Id%
Id el
fff C'—+—
I > >
[ > "£f' = cmul (££,££) ;
Id el
ff=—+—
I > >
[ >
" Example 15:'O ' ™", %) & " ;A"

> B:=diag(l,1,1,-1);
eval (makealiases(4)) :




clid:=clidata([3,1]);
N:=nops (clid[5]) ;

9 9 9

v~ 9 9 9
B c 9 9 9
9 9 9 5

clid' C'

) ] Id el Id e34
real < simple =Clifford 5cmulQ: St St S $Id e2 e3 e23% $1d% $1d e2 e3 e23%

N' C'<

[ > f£:=clid[4];

f:=eval (£f);

for i from i to N do

glli:=clid[5][1]’

end do;

for i from 1 to N do
plli:=cmul(gl||i,£);

end do;

F:=[pl,p2,p3,p4];

) Id el Id e34
f* C'Clifford 5ecmulQ| —+— —+—
> 0 > > >
Id el e34 el34

fC—+—+—+
< < < <

g3' C'e3
g4' C'e23
Id e34 el el34

pl'C'—+—+—+
< < < <

el2 e2 e234 el234

p2 C——+?+ P P
el3 el4 e3 ¢4

p3' — 4+
< < <

e23 el23 el24 e24
p4' C' + + +

< < < <
Id e34 el el34 el2 e2 e234 el234 el3 eld e3 €4
FCl—+—+—+ -+ —+ - - - +—+—
< < < < < < < < < < < <

+ + +
< < < <

e23 el23 el24 e24}



| > vrs:=[seq(e]| |k, k=1. .maxindex (F))];

| vrs' C'$el e2 e3 e4dl
[ O ' Ix 0 — ,* L *1 L) Ll ))' "y ') L] ' Ll 'C' @; A Ll

:> PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple,'in
fey','t");

Trying to create and display input file for Singular... proceeding...
LIB "clifford.lib";
ring R = 0,(el,e2,e3,e4d),dp;
option(redSB);
option(redTail);
matrix M[4]1[4]1;
M[1,1]=2;M[2,2]=2;M[3,3]=2;M[4,4]=-2;
clifAlgebra(M);
qring Q =twostd(clQuot);
ideal 1 =
1/74*1
+ 1/4*e3*e4
+ 1/4*el
+ 1/4*el*e3*e4

-1/4*el*e2

+ 1/4*e2

+ 1/4*e2*e3*e4

+ -1/4*el*e2*e3*e4
-1/4*el*e3

+ -1/4*el*e4

+ 1/4%e3
+ 1/4%e4

1/4*e2*e3

+ 1/4*el*e2*e3
+ 1/4*el*e2*e4
+ 1/4*e2*e4

éhort:O;
ideal GB = std(l);
if(size(GB)>=1){int j=1; for ( j=1; j <= size(GB); j++) {GB[JI=NF(GB[]j],std(0)):}}

@rite(":w C:/transferM/Out.txt",GB);
L quit;
[ > GB:=PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple
,'infty','d");
g:=op(GB) /4;
Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
GB' C'$el3 + el4 — e3 —edl
el3d eld e3 e4d
gI Cl_ + e —
< < < <

* [ *V% )l g )lll % Wix 0




> cmul (g,q9) ;

9
YAy B R - rTte oy emge g
— R TR ")- JHE o w )' )-&-C-S _,@ S AT

> e3f:=-cmul (e3,f) ;

el3 eld e3 e4
efC—m4—"7-—-—
< < < <

> g-e3f;
> cmul (e3,f,e3,f);

> -cmul (e3,qg)=£f;

Id e34 el el34 Id e34 el el34
— 4+ =+ +—+
| < < < < < < < <
| Example 16:'O " ™", +* ') —)—- ' &
[ >
| > all sigs(1l..9, 'real', 'semisimple');

$$O PH S 9% $ 6% > b §; >h $< ;% $8 <h $7 9u%
> clidata([2,1]);

Id el Id e23

>
> B:=diag(1,1,-1);
eval (makealiases(4)) :
clid:=clidata([2,1]);
N:=nops (clid[5]) ;

9 9
B'CY9 9
9 9 5

> f:=clid[4];
f:=eval (£f) ;
frev:=gradeinv (f) ;
for i from i to N do
glli:=clid[5][1]’
end do;

*

{real > semisimple -Clifford 5cmuIQ:(?+— ?+Tj $1d e2% $1d% $1d eZ%}

i .. . Id el Id e23
clid' C'| real > semisimple :Clifford 5cmulQ; ?+? ?JFT $id e2% $1d% $1d e2%
N'C">



for i from 1 to N do
plli:=cmul(g]||i,£);

end do;

F:=[pl,p2];

. Id el Id e23
f* C'Clifford 5cmulQ| —+— —+——
> 0 > > >

Id el e23 el23

fC—+—+—+
< < < <
Ild el e23 el23
frevy C———4+—-—
< < < <

Id e23 el23 el
pl' C'—+—+ +—
< < < <

, €13 el2 e2 €3

2' — — —
p C < +<+<
{ld e23 el23 el el3 el2 e2 e3}
Cl—+—+ + - =T+ +—
< < < < < < <

| > vrs:=[seq(e]| |k, k=1. .maxindex (F))];
vrs' C'$el e2 e3%

> GB:=PLURALforClink (F,0,dp,vrs,B,input for Singular,input for Maple
,'infty','d'");

Transfer directory for Maple already exists... proceeding... waiting for Singular results...
Transfer directory for Singular already exists... proceeding... waiting for Singular results...
GB' C'$el2 + el3 —e2 — e3%

[ > g:=op(GB) /4;
el2 el3 e2 e3

GO

| > cmul(g,qg);

[ > e2f:=-cmul (e2,£f) ;

el2 el3 e2 e3
e2fC—4+—————
< < <

| > g-e2f;

VVVYV
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