L‘J Function: code support-insert_helppages

Calling Sequence:

insert_helppages(L::listlist, Mapleversion::string)

H Description:

e code support is a package that provides various functions to copy, rename, modify, save, etc.
Maple help worksheets.

e Examples how to use the remaining functions in the apckage can be found in
code_support.examples.

e Procedure insert_helppages accomplishes insertion of the help topics into the library archive that
has been marched.

e The help topics are given in a list L of type 'lislist' as the first argument to insert_helppages while
Maple version, for example "M 10", is listed as the second argument.

Examples:

| > restart:with(code_support) ;

Module code cupport ver. 1.03 for CLIFFORD et al. for Maple 11
Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried Fauser. All rights reserved.
Last revised: March 10, 2007

[ NamesInLibrary, change helpfiles, change name, copy_file, get TEXT, get dir,
L insert_helppages, makeLIST, modifyLIST, replace in_file, split ]
| We will save the help topics in the library archive that exists in the directoy "C:\Maple10/Cliffordlib’.
> libname;
"C:\Maplel 1/Cliffordlib", "C:\Maplel1/1ib", "C:\Brachey.Troy/TNB",
"C:\Maplel 1/SINGULARPLURALIlinklib"
>
" Inserting help pages for CLIFFORD:

> HDB LIB PATH:=convert(libname[l],name); ##Path to HDB
library
HELP FILE PATH:="C:\\Maplell/P11/Cliffll/Help/ ; ##Directory
where * Mll.mws help files are located
BROWSER PATH:="Mathematics/Algebra/’; ###Location in
the browser
ModuleName :="Clifford ; ###Name of the




module

Parent :="Clifford,intro’; ###Parent for
all help pages in the module

GrandParent :="Clifford,intro’; ###Grand parent
for all help pages in the module

MapleVersion:="M11"; ### substring of

file names that gives Maple version
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##l1list of types defined in the module
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typesLIST:=["antisymmatrix",6 "clibasmon", "climatrix", "climon", "clip
olynom",

"cliprod","cliscalar","diagmatrix", "dfmatrix",6 "evenelement",
"fieldelement", "gencomplex", "genquatbasis", "genquaternion",

"idempotent","nilpotent", "oddelement", "primitiveidemp", "purequatba
sis",
"quaternion","symmatrix", "tensorprod"];

FHE
##1list of types converts defined in the module
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convertsLIST:=["mlist","str_to_int"];
HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH := C:\Maplel 1/P11/Cliff11/Help/
BROWSER PATH := Mathematics/Algebra/
ModuleName = Clifford
Parent := Clifford,intro
GrandParent = Clifford,intro
MapleVersion :="M11"

typesLIST = [ "antisymmatrix", "clibasmon", "climatrix", "climon", "clipolynom", "cliprod",

"cliscalar", "diagmatrix", "dfmatrix", "evenelement", "fieldelement", "gencomplex",

nn nn n"nn

"genquatbasis", "genquaternion", "idempotent", "nilpotent", "oddelement", "primitiveidemp",

nn nn

"purequatbasis”, "quaternion", "symmatrix", "tensorprod" |

L convertsLIST = [ "mlist", "str_to_int"]
| Step 1: Generating an automatic list from help page files:

| > Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple
Version) ;




Lauto := [ [ Clifford, &c, Clifford,intro, [ "Clifford,&c", "&c"]],
[ Clifford,adfmatrix, Clifford,intro, | "Clifford,adfmatrix", "adfmatrix" ] ],
[ Clifford,all_sigs, Clifford,intro, [ "Clifford,all sigs", "all sigs"]], [
Clifford,type,antisymmatrix, Clifford,intro, [ "Clifford,type,antisymmatrix", "type,antisymmatrix" |
1, [ Clifford,beta_minus, Clifford,intro, [ "Clifford,beta_minus", "beta_minus"] ],
[ Clifford,beta_plus, Clifford,intro, [ "Clifford,beta_plus", "beta plus"]],
[ Clifford,Bsignature, Clifford,intro, [ "Clifford,Bsignature", "Bsignature" | ],
[ Clifford,buildm, Clifford,intro, [ "Clifford,buildm", "buildm" ]|,
[ Clifford, bygrade, Clifford,intro, [ "Clifford,bygrade", "bygrade"]],
[ Clifford,cbasis, Clifford,intro, [ "Clifford,cbasis", "cbasis" ] ],
[ Clifford,cdfmatrix, Clifford,intro, [ "Clifford,cdfmatrix", "cdfmatrix" | ],
[ Clifford,cexpQ, Clifford,intro, [ "Clifford,cexpQ", "cexpQ" 1],
[ Clifford,cexp, Clifford,intro, [ "Clifford,cexp", "cexp"]],
[ Clifford, cinv, Clifford,intro, [ "Clifford,cinv", "cinv"]],
[ Clifford, type,clibasmon, Clifford,intro, [ "Clifford,type,clibasmon", "type,clibasmon"] ],
[ Clifford, clibilinear, Clifford,intro, [ "Clifford,clibilinear", "clibilinear" ] ],
[ Clifford,clicollect, Clifford,intro, [ "Clifford,clicollect", "clicollect" ] ],
[ Clifford, clidata, Clifford,intro, [ "Clifford,clidata", "clidata" ] ],
[ Clifford, CLIFFORD _ENYV, Clifford,intro, [ "Clifford, CLIFFORD_ ENV", "CLIFFORD_ENV"]],
[ Clifford, clilinear, Clifford,intro, | "Clifford,clilinear", "clilinear" ] ],
[ Clifford, type,climatrix, Clifford,intro, [ "Clifford,type,climatrix", "type,climatrix" ] ],
[ Clifford,climinpoly, Clifford,intro, [ "Clifford,climinpoly", "climinpoly" ] ],
[ Clifford, type,climon, Clifford,intro, [ "Clifford,type,climon", "type,climon" ] ],
[ Clifford, cliparse, Clifford,intro, [ "Clifford,cliparse", "cliparse" ] ],
[ Clifford, type,clipolynom, Clifford,intro, [ "Clifford,type,clipolynom", "type,clipolynom"]],
[ Clifford, type,cliprod, Clifford,intro, [ "Clifford,type,cliprod", "type,cliprod"] ],
[ Clifford, cliremove, Clifford,intro, [ "Clifford,cliremove", "cliremove" ] ],
[ Clifford,type,cliscalar, Clifford,intro, [ "Clifford,type,cliscalar", "type,cliscalar"]],
[ Clifford, clisolve, Clifford,intro, [ "Clifford,clisolve", "clisolve" ]],
[ Clifford, clisort, Clifford,intro, | "Clifford,clisort", "clisort" ] ],
[ Clifford, cliterms, Clifford,intro, | "Clifford,cliterms", "cliterms" ] ],
[ Clifford,cmulgen, Clifford,intro, [ "Clifford,cmulgen", "cmulgen"]],
[ Clifford,cmulNUM, Clifford,intro, [ "Clifford,cmulNUM", "cmulNUM" ] ],
[ Clifford,cmulQ, Clifford,intro, [ "Clifford,cmulQ", "cmulQ"]],
[ Clifford,cmulRS, Clifford,intro, [ "Clifford,cmulRS", "cmulRS" ],
[ Clifford,cmul, Clifford,intro, [ "Clifford,cmul", "cmul"]], [



Clifford,cmul_user defined, Clifford,intro, [ "Clifford,cmul_user defined", "cmul user defined" ]
1, [ Clifford,cocycle, Clifford,intro, [ "Clifford,cocycle", "cocycle"]], [
Clifford,commutingelements, Clifford,intro,

[ "Clifford,commutingelements", "commutingelements" ] |,

[ Clifford,conjugation, Clifford,intro, [ "Clifford,conjugation", "conjugation"] ],

[ Clifford,c_conjug, Clifford,intro, [ "Clifford,c_conjug", "c_conjug"]],

[ Clifford,ddfmatrix, Clifford,intro, | "Clifford,ddfmatrix", "ddfmatrix" ] ],

[ Clifford, type,dfmatrix, Clifford,intro, [ "Clifford,type,dfmatrix", "type,dfmatrix" ] ],

[ Clifford type,diagmatrix, Clifford,intro, [ "Clifford,type,diagmatrix", "type,diagmatrix"] ],

[ Clifford,diagonalize, Clifford,intro, [ "Clifford,diagonalize", "diagonalize" ] ],

[ Clifford displayid, Clifford,intro, [ "Clifford,displayid", "displayid"] ],

[ Clifford, type,evenelement, Clifford,intro, [ "Clifford,type,evenelement", "type,evenelement"]],
[ Clifford,extract, Clifford,intro, [ "Clifford,extract", "extract"]],

[ Clifford factoridempotent, Clifford,intro, [ "Clifford,factoridempotent", "factoridempotent" | ],
[ Clifford, type,fieldelement, Clifford,intro, [ "Clifford,type,fieldelement", "type,fieldelement" ] ],
[ Clifford find1str, Clifford,intro, [ "Clifford,find1str", "find1str" ] ],

[ Clifford,findbasis, Clifford,intro, [ "Clifford,findbasis", "findbasis" ]],

[ Clifford,type,gencomplex, Clifford,intro, [ "Clifford,type,gencomplex", "type,gencomplex"] ],
[ Clifford,type,genquatbasis, Clifford,intro, [ "Clifford,type,genquatbasis", "type,genquatbasis"] ], [
Clifford, type,genquaternion, Clifford,intro, [ "Clifford,type,genquaternion", "type,genquaternion" ]
1, [ Clifford,gradeinv, Clifford,intro, [ "Clifford,gradeinv", "gradeinv"] ],

[ Clifford, type,idempotent, Clifford,intro, [ "Clifford,type,idempotent", "type,idempotent" | |,

[ Clifford,intro, Clifford,intro, [ "Clifford,intro", "intro" | ],

[ Clifford,isproduct, Clifford,intro, [ "Clifford,isproduct", "isproduct" ]|,

[ Clifford isVahlenmatrix, Clifford,intro, [ "Clifford,isVahlenmatrix", "isVahlenmatrix" ] ],

[ Clifford Kfield, Clifford,intro, [ "Clifford,Kfield", "Kfield" ]|,

[ Clifford, LCQ, Clifford,intro, [ "Clifford, LCQ", "LCQ"]],

[ Clifford,LC, Clifford,intro, [ "Clifford,LC", "LC"]],

[ Clifford,makealiases, Clifford,intro, [ "Clifford,makealiases", "makealiases" ] ],

[ Clifford,makeclibasmon, Clifford,intro, [ "Clifford,makeclibasmon", "makeclibasmon" ] ],

[ Clifford,matKrepr, Clifford,intro, [ "Clifford,matKrepr", "matKrepr"]],

[ Clifford,maxgrade, Clifford,intro, [ "Clifford,maxgrade", "maxgrade" ]|,

[ Clifford, maxindex, Clifford,intro, [ "Clifford,maxindex", "maxindex" ],

[ Clifford, mdfmatrix, Clifford,intro, [ "Clifford,mdfmatrix", "mdfmatrix" ] ],

[ Clifford, minimalideal, Clifford,intro, [ "Clifford,minimalideal", "minimalideal" ] ],

[ Clifford,convert,mlist, Clifford,intro, [ "Clifford,convert,mlist", "convert,mlist" ] |,



[ Clifford, type,nilpotent, Clifford,intro, | "Clifford,type,nilpotent", "type,nilpotent" ] ],

[ Clifford, type,oddelement, Clifford,intro, [ "Clifford,type,oddelement", "type,oddelement" ] ],

[ Clifford,ord, Clifford,intro, [ "Clifford,ord", "ord"]],

[ Clifford permsign, Clifford,intro, [ "Clifford,permsign", "permsign" ] ], [
Clifford,type,primitiveidemp, Clifford,intro,

[ "Clifford,type,primitiveidemp", "type,primitiveidemp" ] ],

[ Clifford pseudodet, Clifford,intro, [ "Clifford,pseudodet", "pseudodet" |,
Clifford,type,purequatbasis, Clifford,intro, [ "Clifford,type,purequatbasis", "type,purequatbasis" ] ],
[ Clifford,qdisplay, Clifford,intro, | "Clifford,qdisplay", "qdisplay"]],

[ Clifford,qinv, Clifford,intro, | "Clifford,qinv", "qinv"]],

[ Clifford,qmul, Clifford,intro, [ "Clifford,qmul", "qmul" ]],

[ Clifford,qnorm, Clifford,intro, [ "Clifford,qnorm", "qnorm" ] ],

[ Clifford, type,quaternion, Clifford,intro, [ "Clifford,type,quaternion", "type,quaternion"]],

[ Clifford,q conjug, Clifford,intro, [ "Clifford,q conjug", "q conjug"]],

[ Clifford, RCQ, Clifford,intro, [ "Clifford, RCQ", "RCQ"]],

[ Clifford, RC, Clifford,intro, [ "Clifford, RC", "RC"]],

[ Clifford,rd_clibasmon, Clifford,intro, [ "Clifford,rd clibasmon", "rd clibasmon"]],

[ Clifford,rd_climon, Clifford,intro, [ "Clifford,rd climon", "rd climon"]],

[ Clifford,rd_clipolynom, Clifford,intro, [ "Clifford,rd_clipolynom", "rd_clipolynom"]],

[ Clifford,reorder, Clifford,intro, [ "Clifford,reorder", "reorder"] ],

[ Clifford,reversion, Clifford,intro, [ "Clifford,reversion", "reversion" | ],

[ Clifford, RHnumber, Clifford,intro, [ "Clifford, RHnumber", "RHnumber" | ],

[ Clifford, rmulm, Clifford,intro, [ "Clifford,rmulm", "rmulm" ] ],

[ Clifford,rot3d, Clifford,intro, [ "Clifford,rot3d", "rot3d"]],

[ Clifford,scalarpart, Clifford,intro, [ "Clifford,scalarpart”, "scalarpart"] ],

[ Clifford,setup, Clifford,intro, [ "Clifford,setup", "setup" ]|,

[ Clifford,sexp, Clifford,intro, [ "Clifford,sexp", "sexp" ],

[ Clifford,specify_constants, Clifford,intro, [ "Clifford,specify constants", "specify constants"]],
[ Clifford,spinorKbasis, Clifford,intro, [ "Clifford,spinorKbasis", "spinorKbasis" ] ],

[ Clifford,spinorKrepr, Clifford,intro, [ "Clifford,spinorKrepr", "spinorKrepr" ] ],

[ Clifford,squaremodyf, Clifford,intro, [ "Clifford,squaremodf", "squaremodf" ] ],

[ Clifford,convert,str_to_int, Clifford,intro, [ "Clifford,convert,str_to_int", "convert,str to int"]],
[ Clifford,subs_clipolynom, Clifford,intro, [ "Clifford,subs_clipolynom", "subs_clipolynom"]],
[ Clifford, type,symmatrix, Clifford,intro, [ "Clifford,type,symmatrix", "type,symmatrix" ] |,

[ Clifford, type,tensorprod, Clifford,intro, [ "Clifford,type,tensorprod", "type,tensorprod"]],

[ Clifford,useproduct, Clifford,intro, [ "Clifford,useproduct", "useproduct"] ],
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[ Clifford,vectorpart, Clifford,intro, [ "Clifford,vectorpart", "vectorpart" ]|,
[ Clifford,version, Clifford,intro, [ "Clifford,version", "version" ] ],

[ Clifford,wedge, Clifford,intro, [ "Clifford,wedge", "wedge"]],

[ Clifford,wexp, Clifford,intro, [ "Clifford,wexp", "wexp"]]]

| Step 2: Modifying, if needed, certain entries in Lauto list:

This is a list of entries that need to have modified aliases.

modsLIST:=[

['Clifford,intro , ["Clifford","Clifford,intro","CLIFFORD","Cliffor
d","clifford"]],

['Clifford,&c  ,["Clifford,Clifford
product","&c","&cQ","&w" ,"&q" ,"&cm" , " &cQOm" , " &wm" , "&gm" , "rm" ,"&C"]]
[ Clifford,wedge ,["Clifford,wedge", "wedge",6"&w"]],

[ Clifford,CLIFFORD_ENV , ["Clifford,CLIFFORD_ ENV",6 "CLIFFORD ENV",

"dim V" ," prolevel"," shortcut in minimalideal",
" shortcut in Kfield"," shortcut_in spinorKbasis",

" shortcut_in spinorKrepr"," warnings_ flag",
" _quatbasis"," scalartypes"]]

]1:

for mem in modsLIST do
Lauto:=modifyLIST (Lauto, op (mem) )

end do:

Lauto;

[ [ Clifford, &c, Clifford,intro, [ "Clifford,Clifford product", "&c", "&cQ", "&w", "&q", "&cm",

"&cQm", "&wm", "&qm", "rm", "&C"]],

[ Clifford,adfmatrix, Clifford,intro, | "Clifford,adfmatrix", "adfmatrix" ] ],

[ Clifford,all_sigs, Clifford,intro, [ "Clifford,all sigs", "all sigs"]], [

Clifford, type,antisymmatrix, Clifford,intro, [ "Clifford,type,antisymmatrix", "type,antisymmatrix" |
1, [ Clifford,beta_minus, Clifford,intro, [ "Clifford,beta minus", "beta minus" | ],

[ Clifford,beta_plus, Clifford,intro, [ "Clifford,beta plus", "beta plus"]],

[ Clifford, Bsignature, Clifford,intro, [ "Clifford,Bsignature", "Bsignature" ] ],

[ Clifford, buildm, Clifford,intro, [ "Clifford,buildm", "buildm" ] ],

[ Clifford,bygrade, Clifford,intro, [ "Clifford,bygrade", "bygrade"]],

[ Clifford,cbasis, Clifford,intro, [ "Clifford,cbasis", "cbasis" ]|,



[ Clifford,cdfmatrix, Clifford,intro, [ "Clifford,cdfmatrix", "cdfmatrix" ]],

[ Clifford,cexpQ, Clifford,intro, [ "Clifford,cexpQ", "cexpQ"]],

[ Clifford,cexp, Clifford,intro, [ "Clifford,cexp", "cexp"]],

[ Clifford, cinv, Clifford,intro, | "Clifford,cinv", "cinv"]],

[ Clifford, type,clibasmon, Clifford,intro, [ "Clifford,type,clibasmon", "type,clibasmon" | ],

[ Clifford,clibilinear, Clifford,intro, [ "Clifford,clibilinear", "clibilinear" | ],

[ Clifford,clicollect, Clifford,intro, | "Clifford,clicollect", "clicollect" ] ],

[ Clifford, clidata, Clifford,intro, [ "Clifford,clidata", "clidata" | ], [ Clifford, CLIFFORD _ENYV,
Clifford,intro, [ "Clifford, CLIFFORD ENV", "CLIFFORD ENV","dim_ V", " prolevel",

n

_shortcut_in_minimalideal", " shortcut in Kfield", " shortcut in_spinorKbasis",

" shortcut_in_spinorKrepr", " warnings flag"," quatbasis", " scalartypes"] ],

[ Clifford, clilinear, Clifford,intro, [ "Clifford,clilinear", "clilinear" ] ],

[ Clifford type,climatrix, Clifford,intro, [ "Clifford,type,climatrix", "type,climatrix"]],
[ Clifford, climinpoly, Clifford,intro, [ "Clifford,climinpoly", "climinpoly" ] ],

[ Clifford, type,climon, Clifford,intro, [ "Clifford,type,climon", "type,climon" ] ],

[ Clifford, cliparse, Clifford,intro, [ "Clifford,cliparse", "cliparse" ] ],

[ Clifford, type,clipolynom, Clifford,intro, [ "Clifford,type,clipolynom", "type,clipolynom"]],
[ Clifford,type,cliprod, Clifford,intro, [ "Clifford,type,cliprod", "type,cliprod"]],

[ Clifford, cliremove, Clifford,intro, [ "Clifford,cliremove", "cliremove" | ],

[ Clifford,type,cliscalar, Clifford,intro, [ "Clifford,type,cliscalar", "type,cliscalar"]],

[ Clifford, clisolve, Clifford,intro, [ "Clifford,clisolve", "clisolve" ]],

[ Clifford, clisort, Clifford,intro, [ "Clifford,clisort", "clisort" ] ],

[ Clifford, cliterms, Clifford,intro, | "Clifford,cliterms", "cliterms" ] ],

[ Clifford,cmulgen, Clifford,intro, [ "Clifford,cmulgen", "cmulgen"]],

[ Clifford,cmulNUM, Clifford,intro, [ "Clifford,cmulNUM", "cmulNUM" ] ],

[ Clifford,cmulQ, Clifford,intro, [ "Clifford,cmulQ", "cmulQ"]],

[ Clifford,cmulRS, Clifford,intro, [ "Clifford,cmulRS", "cmulRS" ]],

[ Clifford,cmul, Clifford,intro, [ "Clifford,cmul", "cmul"]], [

Clifford,cmul_user defined, Clifford,intro, [ "Clifford,cmul user defined", "cmul user defined"]
1, [ Clifford,cocycle, Clifford,intro, [ "Clifford,cocycle", "cocycle"]], [
Clifford,commutingelements, Clifford,intro,

[ "Clifford,commutingelements", "commutingelements" ] |,

[ Clifford,conjugation, Clifford,intro, [ "Clifford,conjugation", "conjugation" ] ],

[ Clifford,c_conjug, Clifford,intro, [ "Clifford,c_conjug", "c_conjug"]],

[ Clifford, ddfmatrix, Clifford,intro, [ "Clifford,ddfmatrix", "ddfmatrix" ] ],

[ Clifford, type,dfmatrix, Clifford,intro, [ "Clifford,type,dfmatrix", "type,dfmatrix"]],



[ Clifford type,diagmatrix, Clifford,intro, [ "Clifford,type,diagmatrix", "type,diagmatrix" ] ],

[ Clifford,diagonalize, Clifford,intro, [ "Clifford,diagonalize", "diagonalize" ] ],

[ Clifford displayid, Clifford,intro, [ "Clifford,displayid", "displayid"] ],

[ Clifford type,evenelement, Clifford,intro, [ "Clifford,type,evenelement", "type,evenelement"]],

[ Clifford,extract, Clifford,intro, [ "Clifford,extract", "extract"]],

[ Clifford factoridempotent, Clifford,intro, | "Clifford,factoridempotent", "factoridempotent" | |,

[ Clifford, type,fieldelement, Clifford,intro, [ "Clifford,type,fieldelement", "type,fieldelement" ] ],

[ Clifford find1str, Clifford,intro, [ "Clifford,find1str", "find1str" ] ],

[ Clifford findbasis, Clifford,intro, [ "Clifford,findbasis", "findbasis" | ],

[ Clifford,type,gencomplex, Clifford,intro, [ "Clifford,type,gencomplex", "type,gencomplex"] ],

[ Clifford,type,genquatbasis, Clifford,intro, [ "Clifford,type,genquatbasis", "type,genquatbasis"] ], [
Clifford,type,genquaternion, Clifford,intro, [ "Clifford,type,genquaternion", "type,genquaternion" |
1, [ Clifford,gradeinv, Clifford,intro, [ "Clifford,gradeinv", "gradeinv"] ],

[ Clifford, type,idempotent, Clifford,intro, [ "Clifford,type,idempotent", "type,idempotent" ] |,

[ Clifford,intro, Clifford,intro, [ "Clifford", "Clifford,intro", "CLIFFORD", "Clifford", "clifford" ] ],
[ Clifford,isproduct, Clifford,intro, [ "Clifford,isproduct", "isproduct" ] ],

[ Clifford isVahlenmatrix, Clifford,intro, [ "Clifford,isVahlenmatrix", "isVahlenmatrix" ] ],

[ Clifford Kfield, Clifford,intro, [ "Clifford,Kfield", "Kfield"]],

[ Clifford, LCQ, Clifford,intro, [ "Clifford, LCQ", "LCQ"]],

[ Clifford,LC, Clifford,intro, | "Clifford,LC", "LC"]],

[ Clifford,makealiases, Clifford,intro, [ "Clifford,makealiases", "makealiases" ] ],

[ Clifford,makeclibasmon, Clifford,intro, [ "Clifford,makeclibasmon", "makeclibasmon" ] ],

[ Clifford,matKrepr, Clifford,intro, [ "Clifford,matKrepr", "matKrepr" ]|,

[ Clifford, maxgrade, Clifford,intro, [ "Clifford,maxgrade", "maxgrade" ]|,

[ Clifford, maxindex, Clifford,intro, [ "Clifford,maxindex", "maxindex" ] ],

[ Clifford, mdfmatrix, Clifford,intro, [ "Clifford,mdfmatrix", "mdfmatrix" ] ],

[ Clifford, minimalideal, Clifford,intro, [ "Clifford,minimalideal", "minimalideal" ] ],

[ Clifford,convert,mlist, Clifford,intro, | "Clifford,convert,mlist", "convert,mlist" ] |,

[ Clifford, type,nilpotent, Clifford,intro, [ "Clifford,type,nilpotent", "type,nilpotent" ] ],

[ Clifford, type,oddelement, Clifford,intro, [ "Clifford,type,oddelement", "type,oddelement" ] ],

[ Clifford,ord, Clifford,intro, [ "Clifford,ord", "ord"]],

[ Clifford,permsign, Clifford,intro, | "Clifford,permsign", "permsign"]], [

Clifford, type,primitiveidemp, Clifford,intro,

[ "Clifford,type,primitiveidemp", "type,primitiveidemp" ] |,

[ Clifford pseudodet, Clifford,intro, [ "Clifford,pseudodet", "pseudodet" ] ], [

Clifford, type,purequatbasis, Clifford,intro, [ "Clifford,type,purequatbasis", "type,purequatbasis"] ],
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[ Clifford,qdisplay, Clifford,intro, | "Clifford,qdisplay", "qdisplay"]],

[ Clifford,qinv, Clifford,intro, [ "Clifford,qinv", "qinv" ]|,

[ Clifford,qmul, Clifford,intro, [ "Clifford,qmul", "qmul" ] ],

[ Clifford,qnorm, Clifford,intro, [ "Clifford,qnorm", "qnorm" ]],

[ Clifford, type,quaternion, Clifford,intro, [ "Clifford,type,quaternion", "type,quaternion"]],
[ Clifford,q conjug, Clifford,intro, [ "Clifford,q_conjug", "q conjug"]],

[ Clifford, RCQ, Clifford,intro, [ "Clifford, RCQ", "RCQ"]],

[ Clifford, RC, Clifford,intro, [ "Clifford, RC", "RC"]],

[ Clifford,rd_clibasmon, Clifford,intro, [ "Clifford,rd clibasmon", "rd_clibasmon"]],

[ Clifford,rd_climon, Clifford,intro, [ "Clifford,rd climon", "rd climon"]],

[ Clifford,rd_clipolynom, Clifford,intro, [ "Clifford,rd_clipolynom", "rd_clipolynom"]],

[ Clifford,reorder, Clifford,intro, [ "Clifford,reorder", "reorder" ] ],

[ Clifford,reversion, Clifford,intro, [ "Clifford,reversion", "reversion" | ],

[ Clifford, RHnumber, Clifford,intro, [ "Clifford, RHnumber", "RHnumber" | ],

[ Clifford, rmulm, Clifford,intro, [ "Clifford,rmulm", "rmulm"] ],

[ Clifford,rot3d, Clifford,intro, [ "Clifford,rot3d", "rot3d"]],

[ Clifford,scalarpart, Clifford,intro, [ "Clifford,scalarpart”, "scalarpart"] ],

[ Clifford,setup, Clifford,intro, [ "Clifford,setup", "setup"]],

[ Clifford,sexp, Clifford,intro, [ "Clifford,sexp", "sexp" |1,

[ Clifford,specify_constants, Clifford,intro, | "Clifford,specify constants", "specify constants"]],
[ Clifford,spinorKbasis, Clifford,intro, [ "Clifford,spinorKbasis", "spinorKbasis" ] ],

[ Clifford,spinorKrepr, Clifford,intro, [ "Clifford,spinorKrepr", "spinorKrepr" ] ],

[ Clifford,squaremodyf, Clifford,intro, [ "Clifford,squaremodf", "squaremodf" ] ],

[ Clifford,convert,str_to_int, Clifford,intro, | "Clifford,convert,str to int", "convert,str to int"]],
[ Clifford,subs_clipolynom, Clifford,intro, [ "Clifford,subs_clipolynom", "subs_clipolynom"]],
[ Clifford, type,symmatrix, Clifford,intro, [ "Clifford,type,symmatrix", "type,symmatrix" ] |,
[ Clifford, type,tensorprod, Clifford,intro, [ "Clifford,type,tensorprod", "type,tensorprod" ] ],
[ Clifford,useproduct, Clifford,intro, [ "Clifford,useproduct", "useproduct" ] ],

[ Clifford,vectorpart, Clifford,intro, [ "Clifford,vectorpart", "vectorpart" ] ],

[ Clifford,version, Clifford,intro, [ "Clifford,version", "version"] ],

[ Clifford,wedge, Clifford,intro, [ "Clifford,wedge", "wedge", "&w"]],

[ Clifford,wexp, Clifford,intro, [ "Clifford,wexp", "wexp"]]]

| Step 3: Inserting all help pages into HDB and the browser using the last modified list:
> insert helppages (Lauto,MapleVersion) ;

Trying to read file C:\Maplell/P11/Cliffll/Help/&c Mll.mws...
Success... inserting topic Clifford, &c from the file:
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C:\Maplel 1/P11/Cliff11/Help/&c_M1I11.mws
read file C:\Maplell/P11/Cliffll/Help/adfmatrix M11l.mws...
inserting topic Clifford,adfmatrix from the file:
C:\Maplel 1/P11/Cliff11/Help/adfmatrix M11.mws
read file C:\Maplell/P11/Cliffll/Help/all sigs Mll.mws...
inserting topic Clifford,all sigs from the file:

C:\Maplel 1/P11/Cliff11/Help/all _sigs M11.mws

read file C:\Maplell/P11/Cliffll/Help/antisymmatrix M1l.mws...
inserting topic Clifford, type,antisymmatrix from the file:

C:\Maplel 1/P11/Cliff11/Help/antisymmatrix M11.mws

read file C:\Maplell/P11/Cliffll/Help/beta minus Mll.mws...

inserting topic Clifford,beta minus from the file:

C:\Maplel 1/P11/Cliff11/Help/beta_minus M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/beta plus Mll.mws...
inserting topic Clifford,beta plus from the file:

C:\Maplel 1/P11/Cliff11/Help/beta_plus M11.mws

read file C:\Maplell/P11/Cliffll/Help/Bsignature Mll.mws...

inserting topic Clifford,Bsignature from the file:

C:\Maplel 1/P11/Cliff11/Help/Bsignature M11.mws
read file C:\Maplell/P11/Cliffll/Help/buildm M1l.mws...
inserting topic Clifford,buildm from the file:
C:\Maplel 1/P11/Cliff11/Help/buildm_M11.mws
read file C:\Maplell/P11/Cliffll/Help/bygrade M1l.mws. ..
inserting topic Clifford,bygrade from the file:
C:\Maplel 1/P11/Cliff11/Help/bygrade M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/cbasis Mll.mws...
inserting topic Clifford,cbasis from the file:
C:\Maplel 1/P11/Cliff11/Help/cbasis M11.mws
read file C:\Maplell/P11/Cliffll/Help/cdfmatrix M1l.mws...
inserting topic Clifford,cdfmatrix from the file:
C:\Maplel 1/P11/Cliff11/Help/cdfmatrix M11.mws
read file C:\Maplell/P11/Cliffll/Help/cexpQ Mll.mws...
inserting topic Clifford,cexpQ from the file:
C:\Maplel 1/P11/Cliff11/Help/cexpQ MI11.mws
read file C:\Maplell/P11/Cliffll/Help/cexp M1l.mws...
inserting topic Clifford,cexp from the file:
C:\Maplel 1/P11/Cliff11/Help/cexp M11.mws
read file C:\Maplell/P11/Cliffll/Help/cinv_MI1l.mws...
inserting topic Clifford,cinv from the file:
C:\Maplel 1/P11/Cliff11/Help/cinv_M11.mws
read file C:\Maplell/P11/Cliffll/Help/clibasmon Mll.mws...
inserting topic Clifford, type,clibasmon from the file:

C:\Maplel 1/P11/Cliff11/Help/clibasmon_M11.mws

read file C:\Maplell/P11/Cliffll/Help/clibilinear Mll.mws...

inserting topic Clifford,clibilinear from the file:

C:\Maplel 1/P11/Cliff11/Help/clibilinear M11.mws

read file C:\Maplell/P11/Cliffll/Help/clicollect Mll.mws...

inserting topic Clifford,clicollect from the file:

C:\Maplel 1/P11/CIiff11/Help/clicollect M11.mws
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read file C:\Maplell/P11/Cliffll/Help/clidata M1l.mws...
inserting topic Clifford,clidata from the file:

C:\Maplel 1/P11/Cliff11/Help/clidata_M11.mws

read file C:\Maplell/P11/Cliffl1/Help/CLIFFORD ENV M11l.mws...

inserting topic Clifford,CLIFFORD ENV from the file:
C:\Maplel1/P11/CIiffl1/Help/CLIFFORD _ENV MI1.mws

read file C:\Maplell/P11/Cliffll/Help/clilinear Mll.mws...

inserting topic Clifford,clilinear from the file:

C:\Maplel 1/P11/Cliff11/Help/clilinear M11.mws

read file C:\Maplell/P11/Cliffll/Help/climatrix M1l.mws...

inserting topic Clifford,type,climatrix from the file:

C:\Maplel 1/P11/Cliff11/Help/climatrix M11.mws

read file C:\Maplell/P11/Cliffll/Help/climinpoly M1l.mws...

inserting topic Clifford,climinpoly from the file:

C:\Maplel 1/P11/Cliff11/Help/climinpoly M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/climon Mll.mws...
inserting topic Clifford, type,climon from the file:

C:\Maplel 1/P11/Cliff11/Help/climon_M11.mws
read file C:\Maplell/P11/Cliffll/Help/cliparse Mll.mws...
inserting topic Clifford,cliparse from the file:

C:\Maplel 1/P11/Cliff11/Help/cliparse_M11.mws

read file C:\Maplell/P11/Cliffll/Help/clipolynom Mll.mws...

inserting topic Clifford, type,clipolynom from the file:

C:\Maplel 1/P11/Cliff11/Help/clipolynom_M1I1.mws
read file C:\Maplell/P11/Cliffll/Help/cliprod Mll.mws...
inserting topic Clifford, type,cliprod from the file:

C:\Maplel 1/P11/Cliff11/Help/cliprod M11.mws

read file C:\Maplell/P11/Cliffll/Help/cliremove Mll.mws...

inserting topic Clifford,cliremove from the file:

C:\Maplel 1/P11/Cliff11/Help/cliremove M1 1.mws

read file C:\Maplell/P11/Cliffll/Help/cliscalar Mll.mws...

inserting topic Clifford,type,cliscalar from the file:

C:\Maplel 1/P11/Cliff11/Help/cliscalar M11.mws
read file C:\Maplell/P11/Cliffll/Help/clisolve M1l.mws...
inserting topic Clifford,clisolve from the file:
C:\Maplel 1/P11/Cliff11/Help/clisolve_M11.mws
read file C:\Maplell/P11/Cliffll/Help/clisort M1l.mws...
inserting topic Clifford,clisort from the file:
C:\Maplel 1/P11/Cliff11/Help/clisort M11.mws
read file C:\Maplell/P11/Cliffll/Help/cliterms M1l.mws...
inserting topic Clifford,cliterms from the file:
C:\Maplel 1/P11/Cliff11/Help/cliterms_M11.mws
read file C:\Maplell/P11/Cliffll/Help/cmulgen M1l.mws...
inserting topic Clifford,cmulgen from the file:
C:\Maplel 1/P11/Cliff11/Help/cmulgen_M11.mws
read file C:\Maplell/P11/Cliffll/Help/cmulNUM M1l.mws...
inserting topic Clifford,cmulNUM from the file:
C:\Maplel 1/P11/Cliff11/Help/cmulNUM M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/cmulQ M1l.mws...
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inserting topic Clifford,cmulQ from the file:

C:\Maplel 1/P11/Cliff11/Help/cmulQ M11.mws
read file C:\Maplell/P11/Cliffll/Help/cmulRS Mll.mws...
inserting topic Clifford,cmulRS from the file:

C:\Maplel 1/P11/Cliff11/Help/cmulRS M11.mws
read file C:\Maplell/P11/Cliffll/Help/cmul MI1l.mws...
inserting topic Clifford,cmul from the file:
C:\Maplel 1/P11/Cliff11/Help/cmul_MI11.mws
read file C:\Maplell/P11/Cliffll/Help/cmul user defined MI1l.mws...
inserting topic Clifford,cmul user defined from the file:
C:\Maplel 1/P11/Cliff11/Help/cmul_user defined M11.mws
read file C:\Maplell/P11/Cliffll/Help/cocycle M1l.mws...
inserting topic Clifford,cocycle from the file:
C:\Maplel 1/P11/Cliff11/Help/cocycle M11.mws
read file C:\Maplell/P11/Cliffll/Help/commutingelements M1l.mws...
inserting topic Clifford,commutingelements from the file:
C:\Maplel 1/P11/Cliff11/Help/commutingelements M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/conjugation M1l.mws. ..
inserting topic Clifford,conjugation from the file:
C:\Maplel 1/P11/Cliff11/Help/conjugation M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/c_conjug Mll.mws...
inserting topic Clifford,c conjug from the file:
C:\Maplel 1/P11/Cliff11/Help/c_conjug M11.mws
read file C:\Maplell/P11/Cliffll/Help/ddfmatrix M11l.mws...
inserting topic Clifford,ddfmatrix from the file:
C:\Maplel 1/P11/Cliff11/Help/ddfmatrix M11.mws
read file C:\Maplell/P11/Cliffll/Help/dfmatrix M1l.mws...
inserting topic Clifford, type,dfmatrix from the file:
C:\Maplel 1/P11/Cliff11/Help/dfmatrix M11.mws
read file C:\Maplell/P11/Cliffll/Help/diagmatrix MI1l.mws...
inserting topic Clifford, type,diagmatrix from the file:
C:\Maplel 1/P11/Cliff11/Help/diagmatrix MI11.mws
read file C:\Maplell/P11/Cliffll/Help/diagonalize Mll.mws. ..
inserting topic Clifford,diagonalize from the file:
C:\Maplel 1/P11/Cliff11/Help/diagonalize M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/displayid M11l.mws...
inserting topic Clifford,displayid from the file:
C:\Maplel 1/P11/Cliff11/Help/displayid M11.mws
read file C:\Maplell/P11/Cliffll/Help/evenelement Mll.mws...
inserting topic Clifford, type,evenelement from the file:
C:\Maplel 1/P11/Cliff11/Help/evenelement M11.mws
read file C:\Maplell/P11/Cliffll/Help/extract M1l.mws...
inserting topic Clifford,extract from the file:
C:\Maplel 1/P11/Cliff11/Help/extract M11.mws

read file C:\Maplell/P11/Cliffll/Help/factoridempotent M1l.mws...
inserting topic Clifford, factoridempotent from the file:

C:\Maplel 1/P11/Cliff11/Help/factoridempotent M11.mws
read file C:\Maplell/P11/Cliffll/Help/fieldelement M1l.mws...
inserting topic Clifford,type, fieldelement from the file:
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C:\Maplel 1/P11/Cliff11/Help/fieldelement M11.mws
read file C:\Maplell/P11/Cliffll/Help/findlstr M1l.mws...
inserting topic Clifford,findlstr from the file:
C:\Maplel 1/P11/Cliff11/Help/find1str M11.mws
read file C:\Maplell/P11/Cliffll/Help/findbasis M1l.mws...
inserting topic Clifford, findbasis from the file:

C:\Maplel 1/P11/Cliff11/Help/findbasis M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/gencomplex Mll.mws. ..
inserting topic Clifford, type,gencomplex from the file:

C:\Maplel 1/P11/Cliff11/Help/gencomplex MI1.mws
read file C:\Maplell/P11/Cliffll/Help/genquatbasis M1l.mws...
inserting topic Clifford, type,genquatbasis from the file:

C:\Maplel 1/P11/Cliff11/Help/genquatbasis M11.mws

read file C:\Maplell/P11/Cliffll/Help/genquaternion M1l.mws...

inserting topic Clifford, type,genquaternion from the file:

C:\Maplel 1/P11/Cliff11/Help/genquaternion_ M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/gradeinv M1l.mws...
inserting topic Clifford,gradeinv from the file:
C:\Maplel 1/P11/Cliff11/Help/gradeinv_M11.mws
read file C:\Maplell/P11/Cliffll/Help/idempotent Mll.mws...
inserting topic Clifford, type, idempotent from the file:
C:\Maplel 1/P11/Cliff11/Help/idempotent MI11.mws
read file C:\Maplell/P11/Cliffll/Help/intro Mll.mws...
inserting topic Clifford,intro from the file:
C:\Maplel 1/P11/Cliff11/Help/intro M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/isproduct Mll.mws...
inserting topic Clifford,isproduct from the file:

C:\Maplel 1/P11/Cliff11/Help/isproduct M11.mws

read file C:\Maplell/P11/Cliffll/Help/isVahlenmatrix M1l.mws...

inserting topic Clifford,isVahlenmatrix from the file:

C:\Maplel 1/P11/Cliff11/Help/isVahlenmatrix M11.mws

read file C:\Maplell/P11/Cliffll/Help/Kfield Mll.mws...
inserting topic Clifford,Kfield from the file:

C:\Maplel 1/P11/Cliff11/Help/Kfield MI11.mws
read file C:\Maplell/P11/Cliffll/Help/LCQ M1l.mws...
inserting topic Clifford,LCQ from the file:

C:\Maplel 1/P11/Cliff11/Help/LCQ _M11.mws
read file C:\Maplell/P11/Cliffll/Help/LC M1l.mws...
inserting topic Clifford,LC from the file:

C:\Maplel 1/P11/Cliff11/Help/LC MI1.mws
read file C:\Maplell/P11/Cliffll/Help/makealiases Mll.mws...
inserting topic Clifford,makealiases from the file:

C:\Maplel 1/P11/Cliff11/Help/makealiases M11.mws

read file C:\Maplell/P11/Cliffll/Help/makeclibasmon Mll.mws...

inserting topic Clifford,makeclibasmon from the file:

C:\Maplel 1/P11/Cliff11/Help/makeclibasmon_MI11.mws

read file C:\Maplell/P11/Cliffll/Help/matKrepr Mll.mws...
inserting topic Clifford,matKrepr from the file:

C:\Maplel 1/P11/Cliff11/Help/matKrepr M1 1.mws
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read file C:\Maplell/P11/Cliffll/Help/maxgrade M1l.mws...
inserting topic Clifford,maxgrade from the file:
C:\Maplel 1/P11/Cliff11/Help/maxgrade M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/maxindex M1l.mws...
inserting topic Clifford,maxindex from the file:
C:\Maplel 1/P11/Cliff11/Help/maxindex M11.mws
read file C:\Maplell/P11/Cliffll/Help/mdfmatrix M1l.mws...
inserting topic Clifford,mdfmatrix from the file:
C:\Maplel 1/P11/Cliff11/Help/mdfmatrix M11.mws
read file C:\Maplell/P11/Cliffll/Help/minimalideal M1l.mws...
inserting topic Clifford,minimalideal from the file:
C:\Maplel 1/P11/Cliff11/Help/minimalideal M11.mws
read file C:\Maplell/P11/Cliffll/Help/mlist M1l.mws...
inserting topic Clifford,convert,mlist from the file:
C:\Maplel 1/P11/Cliff11/Help/mlist M11.mws
read file C:\Maplell/P11/Cliffll/Help/nilpotent M1l.mws...
inserting topic Clifford, type,nilpotent from the file:
C:\Maplel 1/P11/Cliff11/Help/nilpotent M11.mws
read file C:\Maplell/P11/Cliffll/Help/oddelement Mll.mws...
inserting topic Clifford, type,oddelement from the file:
C:\Maplel 1/P11/Cliff11/Help/oddelement M11.mws
read file C:\Maplell/P11/Cliffll/Help/ord Mll.mws...
inserting topic Clifford,ord from the file:
C:\Maplel 1/P11/Cliff11/Help/ord M11.mws
read file C:\Maplell/P11/Cliffll/Help/permsign Mll.mws...
inserting topic Clifford,permsign from the file:

C:\Maplel 1/P11/Cliff11/Help/permsign M1 1.mws

read file C:\Maplell/P11/Cliffll/Help/primitiveidemp M1l.mws...

inserting topic Clifford, type,primitiveidemp from the file:

C:\Maplel 1/P11/Cliff11/Help/primitiveidemp M11.mws

read file C:\Maplell/P11/Cliffll/Help/pseudodet M1l.mws...
inserting topic Clifford,pseudodet from the file:

C:\Maplel 1/P11/Cliff11/Help/pseudodet M1I11.mws

read file C:\Maplell/P11/Cliffll/Help/purequatbasis M1l.mws...

inserting topic Clifford, type,purequatbasis from the file:

C:\Maplel 1/P11/Cliff11/Help/purequatbasis M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/qdisplay M1l.mws...
inserting topic Clifford,gdisplay from the file:
C:\Maplel 1/P11/Cliff11/Help/qdisplay M11.mws
read file C:\Maplell/P11/Cliffll/Help/qinv_MI1l.mws...
inserting topic Clifford,ginv from the file:
C:\Maplel 1/P11/Cliff11/Help/qinv_M11.mws
read file C:\Maplell/P11/Cliffll/Help/qmul M1l.mws...
inserting topic Clifford,gmul from the file:
C:\Maplel 1/P11/Cliff11/Help/qmul_M11.mws
read file C:\Maplell/P11/Cliffll/Help/gnorm Mll.mws...
inserting topic Clifford,gnorm from the file:
C:\Maplel 1/P11/CIiff11/Help/qnorm_MI11.mws
read file C:\Maplell/P11/Cliffll/Help/quaternion Mll.mws...
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inserting topic Clifford, type,quaternion from the file:

C:\Maplel 1/P11/Cliff11/Help/quaternion_M11.mws
read file C:\Maplell/P11/Cliffll/Help/q conjug Mll.mws...
inserting topic Clifford,q conjug from the file:

C:\Maplel 1/P11/Cliffl1/Help/q conjug MI1.mws
read file C:\Maplell/P11/Cliffll/Help/RCQ M1l.mws...
inserting topic Clifford,RCQ from the file:
C:\Maplel 1/P11/Cliff11/Help/RCQO _MI11.mws
read file C:\Maplell/P11/Cliffll/Help/RC_Mll.mws...
inserting topic Clifford,RC from the file:
C:\Maplel 1/P11/Cliff11/Help/RC_M11.mws
read file C:\Maplell/P11/Cliffll/Help/rd clibasmon M1l.mws...
inserting topic Clifford,rd clibasmon from the file:
C:\Maplel 1/P11/Cliff11/Help/rd_clibasmon_M11.mws
read file C:\Maplell/P11/Cliffll/Help/rd climon M1l.mws...
inserting topic Clifford,rd climon from the file:
C:\Maplel 1/P11/Cliff11/Help/rd_climon_M11.mws
read file C:\Maplell/P11/Cliffll/Help/rd clipolynom M1l.mws...
inserting topic Clifford,rd clipolynom from the file:
C:\Maplel 1/P11/Cliff11/Help/rd_clipolynom M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/reorder M1ll.mws...
inserting topic Clifford,reorder from the file:
C:\Maplel 1/P11/Cliff11/Help/reorder M11.mws
read file C:\Maplell/P11/Cliffll/Help/reversion Mll.mws...
inserting topic Clifford,reversion from the file:
C:\Maplel 1/P11/Cliff11/Help/reversion_M11.mws
read file C:\Maplell/P11/Cliffll/Help/RHnumber M1l.mws...
inserting topic Clifford,RHnumber from the file:
C:\Maplel 1/P11/CIiff11/Help/RHnumber M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/rmulm M1l.mws...
inserting topic Clifford,rmulm from the file:
C:\Maplel 1/P11/Cliff11/Help/rmulm_MI11.mws
read file C:\Maplell/P11/Cliffll/Help/rot3d Mll.mws...
inserting topic Clifford,rot3d from the file:
C:\Maplel 1/P11/Cliff11/Help/rot3d M11.mws
read file C:\Maplell/P11/Cliffll/Help/scalarpart Mll.mws...
inserting topic Clifford,scalarpart from the file:
C:\Maplel 1/P11/Cliff11/Help/scalarpart M11.mws
read file C:\Maplell/P11/Cliffll/Help/setup Mll.mws...
inserting topic Clifford,setup from the file:
C:\Maplel 1/P11/Cliff11/Help/setup M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/sexp M11l.mws...
inserting topic Clifford,sexp from the file:
C:\Maplel 1/P11/Cliff11/Help/sexp M11.mws
read file C:\Maplell/P11/Cliffll/Help/specify constants MI1l.mws...
inserting topic Clifford, specify constants from the file:
C:\Maplel 1/P11/Cliff11/Help/specify constants M11.mws

read file C:\Maplell/P11/Cliffll/Help/spinorKbasis M1l.mws...
inserting topic Clifford,spinorKbasis from the file:
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C:\Maplel 1/P11/Cliff11/Help/spinorKbasis M11.mws
read file C:\Maplell/P11/Cliffll/Help/spinorKrepr Mll.mws...
inserting topic Clifford,spinorKrepr from the file:
C:\Maplel 1/P11/Cliff11/Help/spinorKrepr MI1.mws
read file C:\Maplell/P11/Cliffll/Help/squaremodf Mll.mws. ..
inserting topic Clifford, squaremodf from the file:

C:\Maplel 1/P11/Cliff11/Help/squaremodf M11.mws
read file C:\Maplell/P11/Cliffll/Help/str to int Mll.mws...
inserting topic Clifford,convert,str to int from the file:

C:\Maplel 1/P11/Cliff11/Help/str to_int MI11.mws

read file C:\Maplell/P11/Cliffll/Help/subs clipolynom Mll.mws...

inserting topic Clifford,subs clipolynom from the file:

C:\Maplel 1/P11/Cliff11/Help/subs_clipolynom M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/symmatrix M11l.mws...
inserting topic Clifford, type,symmatrix from the file:
C:\Maplel 1/P11/Cliff11/Help/symmatrix M11.mws
read file C:\Maplell/P11/Cliffll/Help/tensorprod Mll.mws...
inserting topic Clifford, type, tensorprod from the file:
C:\Maplel 1/P11/Cliff11/Help/tensorprod_MI11.mws
read file C:\Maplell/P11/Cliffll/Help/useproduct Mll.mws...
inserting topic Clifford,useproduct from the file:
C:\Maplel 1/P11/Cliff11/Help/useproduct MI11.mws
read file C:\Maplell/P11/Cliffll/Help/vectorpart MIll.mws...
inserting topic Clifford,vectorpart from the file:
C:\Maplel 1/P11/Cliff11/Help/vectorpart M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/version Mll.mws...
inserting topic Clifford,version from the file:
C:\Maplel 1/P11/Cliff11/Help/version_MI11.mws
read file C:\Maplell/P11/Cliffll/Help/wedge Mll.mws...
inserting topic Clifford,wedge from the file:
C:\Maplel 1/P11/Cliff11/Help/wedge M1 1.mws
read file C:\Maplell/P11/Cliffll/Help/wexp M1l.mws...
inserting topic Clifford,wexp from the file:

C:\Maplel 1/P11/Cliff11/Help/wexp M1I1.mws
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Finished inserting 110 file topics into the HDB and Browser
KhkkAk kA khkkhkhkkhkAkhkkhk Ak Ak kA khkhkhkkk*k

[ > #?climatrix

(>

" Inserting help pages for Bigebra:

> HDB LIB PATH:=convert(libname[l],6 name) ;
HELP FILE PATH:="C:\\Maplell/Pl1l/Bigebrall/Help/";
where * Mll.mws help files are located
BROWSER PATH:="Mathematics/Algebra/’;
ModuleName
Parent

:="Bigebra’;
:="Bigebra,help’;

##Directory



GrandParent :="Clifford,intro’;
MapleVersion:="M11";
typesLIST:=["tensorpolynom"] ;
convertsLIST:=[];

HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH = C:\Maplel 1/P11/Bigebral l/Help/
BROWSER PATH := Mathematics/Algebra/

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralhelp

]
ModuleName := Bigebra

Parent := Bigebra,help
GrandParent := Clifford,intro
MapleVersion :="M11"
typesLIST = [ "tensorpolynom" ]

L convertsLIST .= ]
| Step 1: Generating an automatic list from help page files:

| > Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple
Version) ;

Lauto := [ [ Bigebra,&cco, Bigebra,help, [ "Bigebra,&cco", "&cco"]],
[ Bigebra,&gco_d, Bigebra,help, | "Bigebra,&gco d", "&gco d"]],
[ Bigebra,&gco, Bigebra,help, [ "Bigebra,&gco", "&gco"] ],
[ Bigebra,&gco pl, Bigebra,help, [ "Bigebra,&gco pl", "&gco pl"]],
[ Bigebra,&map, Bigebra,help, [ "Bigebra,&map", "&map"]],
[ Bigebra, &t, Bigebra, help, | "Bigebra,&t", "&t"]],
[ Bigebra,&v, Bigebra,help, [ "Bigebra,&v", "&v"|],
[ Bigebra,bracket, Bigebra,help, | "Bigebra,bracket", "bracket"]],
[ Bigebra,contract, Bigebra,help, | "Bigebra,contract", "contract" ] ],
[ Bigebra,define, Bigebra,help, | "Bigebra,define", "define" ]|,
[ Bigebra,drop _t, Bigebra,help, [ "Bigebra,drop t", "drop t"]],
[ Bigebra,EV, Bigebra,help, | "Bigebra,EV", "EV" ],
[ Bigebra,gantipode, Bigebra,help, | "Bigebra,gantipode", "gantipode" ] ],
[ Bigebra,gco_unit, Bigebra,help, [ "Bigebra,gco_unit", "gco unit"]],
[ Bigebra,gswitch, Bigebra,help, | "Bigebra,gswitch", "gswitch"]],
[ Bigebra,help, Clifford,intro, | "Bigebra,help", "help"]],
[ Bigebra,init, Bigebra,help, | "Bigebra,init", "init" ] ],
[ Bigebra,linop2, Bigebra, help, [ "Bigebra,linop2", "linop2"]],




>

[ Bigebra,linop, Bigebra,help, | "Bigebra,linop", "linop" ]|,

[ Bigebra,lists2mat2, Bigebra,help, [ "Bigebra,lists2mat2", "lists2mat2" ] ],

[ Bigebra,lists2mat, Bigebra,help, [ "Bigebra,lists2mat", "lists2mat" | ],

[ Bigebra,make BI Id, Bigebra,help, | "Bigebra,make BI Id", "make BI Id"]],

[ Bigebra,mapop2, Bigebra,help, [ "Bigebra,mapop2", "mapop2"]],

[ Bigebra,mapop, Bigebra,help, [ "Bigebra,mapop", "mapop"] ],

[ Bigebra,meet, Bigebra,help, | "Bigebra,meet", "meet" ] ],

[ Bigebra,op2mat2, Bigebra,help, | "Bigebra,op2mat2", "op2mat2"]],

[ Bigebra,op2mat, Bigebra,help, [ "Bigebra,op2mat", "op2mat"] ],

[ Bigebra,pairing, Bigebra,help, [ "Bigebra,pairing", "pairing" ] ],

[ Bigebra,peek, Bigebra,help, [ "Bigebra,peek", "peek"]],

[ Bigebra,poke, Bigebra,help, | "Bigebra,poke", "poke"]],

[ Bigebra,remove_eq, Bigebra,help, [ "Bigebra,remove _eq", "remove eq"]],

[ Bigebra,switch, Bigebra,help, [ "Bigebra,switch", "switch" ]|,

[ Bigebra,tcollect, Bigebra,help, | "Bigebra,tcollect", "tcollect" ] ],

[ Bigebra,tensorbasmonom, Bigebra,help, [ "Bigebra,tensorbasmonom", "tensorbasmonom" ]|,
[ Bigebra,tensormonom, Bigebra, help, [ "Bigebra,tensormonom", "tensormonom" ||, [
Bigebra,type,tensorpolynom, Bigebra,help,

[ "Bigebra,type,tensorpolynom", "type,tensorpolynom"] ],

[ Bigebra,tsolvel, Bigebra,help, [ "Bigebra,tsolvel", "tsolvel"]],

[ Bigebra, VERSION, Bigebra,help, [ "Bigebra, VERSION", "VERSION"]1]]

| Step 2: Modifying, if needed, certain entries in Lauto list:

> modsLIST:=[

[ ' Bigebra, &cco ,["Bigebra,Clifford co-product","&cco"]],

[ Bigebra, &gco_d , ["Bigebra,Grassmann dotted
co-product","&gco_d"]],

[ 'Bigebra, &gco , ["Bigebra,Grassmann co-product","&gco"]],

[ Bigebra, &gco_d , ["Bigebra,Grassmann dotted
co-product","&gco_d"]],

[ ' Bigebra, &gco , ["Bigebra,Grassmann co-product","&gco"]],

[ Bigebra, &gco_pl , ["Bigebra,Grassmann-Pluecker co-product",

"Bigebra,Grassmann-Pluecker co-product",6"&gco pl"]],
[ Bigebra,&v' , ["Bigebra,meet","Bigebra, join","&v", "meet","join"]],

[ 'Bigebra,bracket’, ["Bigebra,Peano bracket", "Bigebra,volume
form" ,"Bigebra,bracket", "bracket"]],



[ Bigebra,EV' , ["Bigebra,eval", "Bigebra , EV","EV"]],

[ 'Bigebra,gantipode’, ["Bigebra,gantipode", "gantipode", "antipode"]]
[ ' Bigebra,help , ["Bigebra",6 "Bigebra,intro",6 "Bigebra,start",6 "Bigebr
a, help"]],

[ Bigebra,linop2 , ["Bigebra,linop2","linop2","linop", "Bigebra,lino
p"11,

[ Bigebra,linop , ["Bigebra,linop","linop2","linop", "Bigebra,linop2
"11,

[ Bigebra,lists2mat2’, ["Bigebra,lists2mat2","lists2mat2"]],

[ Bigebra,lists2mat’, ["Bigebra,lists2mat","lists2mat"]],

[ ' Bigebra,mapop2 , ["Bigebra,mapop2", "mapop2", "Bigebra,mapop", "mapo
p"11,

[ 'Bigebra,mapop , ["Bigebra,mapop", "mapop", "Bigebra,mapop2", "mapop2
"11,

[ Bigebra,meet’ , ["Bigebra,meet", "Bigebra, join",6"&v", "meet","join"]
1,

[ 'Bigebra,op2mat  , ["Bigebra,op2mat", "op2mat"]],

[ ' Bigebra,op2mat2’ , ["Bigebra,op2mat2", "op2mat2"]],

[ Bigebra,pairing , ["Bigebra,dual

product", "Bigebra,pairing","pairing"]],

[ Bigebra,switch’', ["crossing", "Bigebra,switch",6"switch"]],

[ 'Bigebra, type, tensorpolynom ,

["'Bigebra, type, tensorpolynom", "Bigebra, type, tensorbasmonom" , "Bigeb
ra, type, tensormonom"] ]
]1:
> for mem in modsLIST do
Lauto:=modifyLIST (Lauto, op (mem))
end do:
Lauto;

[ [ Bigebra,&cco, Bigebra,help, | "Bigebra,Clifford co-product", "&cco" ] ],
[ Bigebra,&gco d, Bigebra,help, [ "Bigebra,Grassmann dotted co-product”, "&gco d"]],
[ Bigebra,&gco, Bigebra,help, [ "Bigebra,Grassmann co-product”, "&gco" ], [ Bigebra,&gco_pl,
Bigebra,help,
"Bigebra,Grassmann-Pluecker co-product", "Bigebra,Grassmann-Pluecker co-product", "&gco pl"
11, [ Bigebra,&map, Bigebra,help, | "Bigebra,&map", "&map"]],
[ Bigebra,&t, Bigebra, help, | "Bigebra,&t", "&t"]],
[ Bigebra,&v, Bigebra,help, [ "Bigebra,meet", "Bigebra,join", "&v", "meet", "join"]], [
Bigebra,bracket, Bigebra,help,

[ "Bigebra,Peano bracket", "Bigebra,volume form", "Bigebra,bracket", "bracket"]],



>

[ Bigebra,contract, Bigebra,help, | "Bigebra,contract", "contract" ] ],

[ Bigebra,define, Bigebra,help, | "Bigebra,define", "define" | |,

[ Bigebra,drop t, Bigebra,help, | "Bigebra,drop t", "drop t"]],

[ Bigebra,EV, Bigebra,help, | "Bigebra,eval", "Bigebra,EV", "EV"]],

[ Bigebra,gantipode, Bigebra, help, | "Bigebra,gantipode", "gantipode", "antipode" ] ],

[ Bigebra,gco _unit, Bigebra,help, [ "Bigebra,gco unit", "gco unit"]],

[ Bigebra,gswitch, Bigebra,help, [ "Bigebra,gswitch", "gswitch" ] ],

[ Bigebra,help, Clifford,intro, | "Bigebra", "Bigebra,intro", "Bigebra,start", "Bigebra,help"]],

[ Bigebra,init, Bigebra,help, | "Bigebra,init", "init" ]|,

[ Bigebra,linop2, Bigebra,help, [ "Bigebra,linop2", "linop2", "linop", "Bigebra,linop" ] ],

[ Bigebra,linop, Bigebra,help, [ "Bigebra,linop", "linop2", "linop", "Bigebra,linop2"]],

[ Bigebra,lists2mat2, Bigebra,help, [ "Bigebra,lists2mat2", "lists2mat2" ]],

[ Bigebra,lists2mat, Bigebra,help, | "Bigebra,lists2mat", "lists2mat" ]|,

[ Bigebra,make BI Id, Bigebra,help, [ "Bigebra,make BI Id", "make BI 1d"]],

[ Bigebra,mapop?2, Bigebra,help, [ "Bigebra,mapop2", "mapop2", "Bigebra,mapop", "mapop"] ],
[ Bigebra,mapop, Bigebra,help, [ "Bigebra,mapop", "mapop", "Bigebra,mapop2", "mapop2"]],
[ Bigebra,meet, Bigebra,help, [ "Bigebra,meet", "Bigebra,join", "&v", "meet", "join" ],

[ Bigebra,op2mat2, Bigebra,help, [ "Bigebra,op2mat2", "op2mat2" ] ],

[ Bigebra,op2mat, Bigebra,help, [ "Bigebra,op2mat", "op2mat" ] ],

[ Bigebra,pairing, Bigebra, help, [ "Bigebra,dual product", "Bigebra,pairing", "pairing" ] ],

[ Bigebra,peek, Bigebra,help, [ "Bigebra,peek", "peek"]],

[ Bigebra,poke, Bigebra,help, | "Bigebra,poke", "poke" ||,

[ Bigebra,remove_eq, Bigebra,help, [ "Bigebra,remove eq", "remove eq"]],

[ Bigebra,switch, Bigebra, help, [ "crossing", "Bigebra,switch", "switch" ] ],

[ Bigebra,tcollect, Bigebra,help, [ "Bigebra,tcollect", "tcollect" ] ],

[ Bigebra,tensorbasmonom, Bigebra,help, [ "Bigebra,tensorbasmonom", "tensorbasmonom" ] |,
[ Bigebra,tensormonom, Bigebra,help, [ "Bigebra,tensormonom", "tensormonom" ||,
Bigebra,type,tensorpolynom, Bigebra,help,

[ "Bigebra,type,tensorpolynom", "Bigebra,type,tensorbasmonom", "Bigebra,type,tensormonom"] ],
[ Bigebra,tsolvel, Bigebra,help, | "Bigebra,tsolvel", "tsolvel"]],

[ Bigebra, VERSION, Bigebra, help, [ "Bigebra, VERSION", "VERSION"]]]

| Step 3: Inserting all help pages into HDB and the browser using the last modified list:
> insert helppages (Lauto,MapleVersion) ;

Trying to read file C:\Maplell/P11/Bigebrall/Help/&cco M1l.mws...
Success... inserting topic Bigebra, &cco from the file:

C:\Maplel 1/P11/Bigebral l1/Help/&cco M1I11.mws

Trying to read file C:\Maplell/P11/Bigebrall/Help/&gco d Mll.mws...
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inserting topic Bigebra, &gco_d from the file:

C:\Maplel 1/P11/Bigebral 1/Help/&gco d MI11.mws
read file C:\Maplell/P11/Bigebrall/Help/&gco Mll.mws...
inserting topic Bigebra, &gco from the file:
C:\Maplel 1/P11/Bigebral 1/Help/&gco M11.mws
read file C:\Maplell/P11/Bigebrall/Help/&gco pl M1l.mws...
inserting topic Bigebra, &gco pl from the file:
C:\Maplel 1/P11/Bigebral 1/Help/&gco _pl MI11.mws
read file C:\Maplell/P11/Bigebrall/Help/&map Mll.mws...
inserting topic Bigebra, &map from the file:
C:\Maplel 1/P11/Bigebral 1/Help/&map M1 1.mws
read file C:\Maplell/P11/Bigebrall/Help/&t M11l.mws...
inserting topic Bigebra, &t from the file:
C:\Maplel 1/P11/Bigebral 1/Help/&t MI11.mws
read file C:\Maplell/P11/Bigebrall/Help/&v M11l.mws...
inserting topic Bigebra, &v from the file:
C:\Maplel 1/P11/Bigebral 1/Help/&v M1 1.mws
read file C:\Maplell/P1l1/Bigebrall/Help/bracket M1l.mws...
inserting topic Bigebra,bracket from the file:

C:\Maplel 1/P11/Bigebral 1/Help/bracket M11.mws

read file C:\Maplell/P11/Bigebrall/Help/contract Mll.mws...

inserting topic Bigebra,contract from the file:

C:\Maplel 1/P11/Bigebral 1/Help/contract MI11.mws
read file C:\Maplell/P1l1/Bigebrall/Help/define M1l.mws...
inserting topic Bigebra,define from the file:

C:\Maplel 1/P11/Bigebral 1/Help/define M11.mws
read file C:\Maplell/P11/Bigebrall/Help/drop t M1l.mws...
inserting topic Bigebra,drop t from the file:

C:\Maplel 1/P11/Bigebral l/Help/drop t MI1.mws

read file C:\Maplell/P11/Bigebrall/Help/EV_M11l.mws...
inserting topic Bigebra,EV from the file:

C:\Maplel 1/P11/Bigebral I/Help/EV _M11.mws

read file C:\Maplell/P11/Bigebrall/Help/gantipode M1l.mws. ..

inserting topic Bigebra,gantipode from the file:

C:\Maplel 1/P11/Bigebral 1/Help/gantipode M11.mws

read file C:\Maplell/P11/Bigebrall/Help/gco unit M1l.mws...

inserting topic Bigebra,gco unit from the file:

C:\Maplel 1/P11/Bigebral 1/Help/gco _unit M11.mws
read file C:\Maplell/P11/Bigebrall/Help/gswitch M1l.mws. ..
inserting topic Bigebra,gswitch from the file:

C:\Maplel 1/P11/Bigebral 1/Help/gswitch M1 1.mws
read file C:\Maplell/P11/Bigebrall/Help/help Mll.mws...
inserting topic Bigebra,help from the file:

C:\Maplel 1/P11/Bigebral l1/Help/help M11.mws
read file C:\Maplell/P11/Bigebrall/Help/init Mll.mws...
inserting topic Bigebra,init from the file:

C:\Maplel 1/P11/Bigebral I/Help/init M11.mws
read file C:\Maplell/P11/Bigebrall/Help/linop2 M1l.mws...
inserting topic Bigebra,linop2 from the file:
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C:\Maplel 1/P11/Bigebral 1/Help/linop2 M11.mws
read file C:\Maplell/P1l1/Bigebrall/Help/linop M1l.mws...
inserting topic Bigebra,linop from the file:
C:\Maplel 1/P11/Bigebral 1/Help/linop M1 1.mws
read file C:\Maplell/P1l1l/Bigebrall/Help/lists2mat2 M1l.mws...
inserting topic Bigebra,lists2mat?2 from the file:
C:\Maplel 1/P11/Bigebral 1/Help/lists2mat2 M1 1.mws
read file C:\Maplell/P11/Bigebrall/Help/lists2mat Mll.mws...
inserting topic Bigebra,lists2mat from the file:
C:\Maplel 1/P11/Bigebral 1/Help/lists2mat_M11.mws
read file C:\Maplell/P1l1l/Bigebrall/Help/make BI Id Mll.mws...
inserting topic Bigebra,make BI Id from the file:
C:\Maplel 1/P11/Bigebral 1/Help/make BI 1d M11.mws
read file C:\Maplell/P11/Bigebrall/Help/mapop2 M1l.mws...
inserting topic Bigebra,mapop2 from the file:
C:\Maplel 1/P11/Bigebral I/Help/mapop2 MI11.mws
read file C:\Maplell/P1l1/Bigebrall/Help/mapop M1l.mws...
inserting topic Bigebra,mapop from the file:
C:\Maplel 1/P11/Bigebral 1/Help/mapop M1I1.mws
read file C:\Maplell/P11/Bigebrall/Help/meet Mll.mws...
inserting topic Bigebra,meet from the file:
C:\Maplel 1/P11/Bigebral 1/Help/meet MI11.mws
read file C:\Maplell/P1l1l/Bigebrall/Help/op2mat2 M1l.mws...
inserting topic Bigebra,opZ2mat2 from the file:
C:\Maplel 1/P11/Bigebral 1/Help/op2mat2 M1 1.mws
read file C:\Maplell/P1l1/Bigebrall/Help/op2mat Mll.mws...
inserting topic Bigebra,opZ2mat from the file:
C:\Maplel 1/P11/Bigebral 1/Help/op2mat M11.mws
read file C:\Maplell/P11/Bigebrall/Help/pairing M1l.mws. ..
inserting topic Bigebra,pairing from the file:
C:\Maplel 1/P11/Bigebral 1/Help/pairing M11.mws
read file C:\Maplell/P1l1/Bigebrall/Help/peek Mll.mws...
inserting topic Bigebra,peek from the file:
C:\Maplel 1/P11/Bigebral l1/Help/peek MI11.mws
read file C:\Maplell/P1l1/Bigebrall/Help/poke Mll.mws...
inserting topic Bigebra,poke from the file:
C:\Maplel 1/P11/Bigebral 1/Help/poke M1I1.mws
read file C:\Maplell/P1l1/Bigebrall/Help/remove eq Mll.mws...
inserting topic Bigebra,remove eq from the file:
C:\Maplel 1/P11/Bigebral I/Help/remove _eq MI1.mws
read file C:\Maplell/P1l1/Bigebrall/Help/switch Mll.mws...
inserting topic Bigebra,switch from the file:
C:\Maplel 1/P11/Bigebral 1/Help/switch_M11.mws
read file C:\Maplell/P11/Bigebrall/Help/tcollect Mll.mws...
inserting topic Bigebra,tcollect from the file:
C:\Maplel 1/P11/Bigebral l1/Help/tcollect M11.mws
read file C:\Maplell/P1l1/Bigebrall/Help/tensorbasmonom Mll.mws. ..
inserting topic Bigebra,tensorbasmonom from the file:

C:\Maplel 1/P11/Bigebral 1/Help/tensorbasmonom_M1I 1.mws



Trying to read file C:\Maplell/P11/Bigebrall/Help/tensormonom Mll.mws...
Success... inserting topic Bigebra, tensormonom from the file:

C:\Maplel 1/P11/Bigebral 1/Help/tensormonom_ M1 1.mws

Trying to read file C:\Maplell/P11/Bigebrall/Help/tensorpolynom M1l.mws...
Success... inserting topic Bigebra, type, tensorpolynom from the file:

C:\Maplel 1/P11/Bigebral I1/Help/tensorpolynom_M1I11.mws
Trying to read file C:\Maplell/P11/Bigebrall/Help/tsolvel Mll.mws...
Success... inserting topic Bigebra,tsolvel from the file:

C:\Maplel 1/P11/Bigebral 1/Help/tsolvel MI11.mws

Trying to read file C:\Maplell/P11/Bigebrall/Help/VERSION MIll.mws...
Success... inserting topic Bigebra,VERSION from the file:

C:\Maplel 1/P11/Bigebral 1/Help/VERSION M1 1.mws

khkkhkhkhhkhkkhkhkhkhkhkhkhkkxkhkrxkhkxk*k

Finished inserting 38 file topics into the HDB and Browser
khkkhkrkhhkhkkhkhkhkhkhkhkkhkhxhkhkrxkhkxk*k

[ > #?tensorpolynom

[

>
" Inserting help pages for Cliplus:

| > HDB_LIB PATH:=convert(libname[l], name) ;
HELP FILE PATH:="C:\\Maplell/P11/Cliplusll/Help/";
BROWSER PATH:="Mathematics/Algebra/’;

ModuleName :="Cliplus’;
Parent ="Cliplus,setup ;
GrandParent :=Clifford,intro’;

MapleVersion:="M11";
typesLIST:=[];
convertsLIST:=["wedge to dwedge", "dwedge to_wedge"];

HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH = C:\Maplel1/P11/Cliplusl1/Help/
BROWSER PATH := Mathematics/Algebra/
ModuleName := Cliplus
Parent .= Cliplus,setup
GrandParent := Clifford,intro
MapleVersion :="M11"
typesLIST = ]

i convertsLIST :=["wedge to dwedge", "dwedge to wedge" ]
| Step 1: Generating an automatic list from help page files:

| > Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple
Version) ;




Lauto := [ [ Cliplus,&dw, Cliplus,setup, [ "Cliplus,&dw", "&dw"]],
[ Cliplus,clibasis, Cliplus,setup, [ "Cliplus,clibasis", "clibasis" ] ],
[ Cliplus,clieval, Cliplus,setup, | "Cliplus,clieval", "clieval" ] ],
[ Cliplus,cliexpand, Cliplus,setup, [ "Cliplus,cliexpand", "cliexpand" | ],
[ Cliplus,climul, Cliplus,setup, [ "Cliplus,climul", "climul"]],

nn

[ Cliplus,clirev, Cliplus,setup, [ "Cliplus,clirev", "clirev"] ],

[ Cliplus,dottedcbasis, Cliplus,setup, | "Cliplus,dottedcbasis", "dottedcbasis" ]|,
[ Cliplus,dwedge, Cliplus,setup, [ "Cliplus,dwedge", "dwedge"] ], [
Cliplus,convert,dwedge to wedge, Cliplus,setup,

nn

[ "Cliplus,convert,dwedge to wedge", "convert,dwedge to wedge"]],
[ Cliplus,LCbhig, Cliplus,setup, [ "Cliplus,LCbig", "LCbig"]],

nn

[ Cliplus,makeclialiases, Cliplus,setup, [ "Cliplus,makeclialiases", "makeclialiases" ] ],
[ Cliplus,RCbig, Cliplus,setup, [ "Cliplus,RCbig", "RCbig"]],

n.n

[ Cliplus,setup, Clifford,intro, [ "Cliplus,setup", "setup" | ], [ Cliplus,convert,wedge to dwedge,

nn

| Cliplus,setup, [ "Cliplus,convert,wedge to dwedge", "convert,wedge to dwedge"]]]
[ >
| Step 2: Modifying, if needed, certain entries in Lauto list:
[ > modsLIST:=[

[ Cliplus,&dw , ["Cliplus,dwedge", "dwedge",6 "&dw","Cliplus, &dw"]]

]1:
> for mem in modsLIST do

Lauto:=modifyLIST (Lauto, op (mem))
end do:
Lauto;

[ [ Cliplus,&dw, Cliplus,setup, [ "Cliplus,dwedge", "dwedge", "&dw", "Cliplus,&dw" ] ],
[ Cliplus,clibasis, Cliplus,setup, [ "Cliplus,clibasis", "clibasis" ] ],

[ Cliplus,clieval, Cliplus,setup, [ "Cliplus,clieval", "clieval"] ],

[ Cliplus,cliexpand, Cliplus,setup, [ "Cliplus,cliexpand", "cliexpand" ]],

[ Cliplus,climul, Cliplus,setup, [ "Cliplus,climul", "climul"]],

[ Cliplus,clirev, Cliplus,setup, [ "Cliplus,clirev", "clirev"] ],

[ Cliplus,dottedcbasis, Cliplus,setup, [ "Cliplus,dottedcbasis", "dottedcbasis" ] ],
[ Cliplus,dwedge, Cliplus,setup, [ "Cliplus,dwedge", "dwedge"] ], [
Cliplus,convert,dwedge to wedge, Cliplus,setup,

[ "Cliplus,convert,dwedge to wedge", "convert,dwedge to wedge"]],

[ Cliplus, LCbig, Cliplus,setup, [ "Cliplus,LCbig", "LCbig"]],

[ Cliplus,makeclialiases, Cliplus,setup, [ "Cliplus,makeclialiases", "makeclialiases" ] ],
[ Cliplus,RCbig, Cliplus,setup, [ "Cliplus,RCbig", "RCbig"]],

"non

[ Cliplus,setup, Clifford,intro, [ "Cliplus,setup", "setup" ], [ Cliplus,convert,wedge to dwedge,




nn

] Cliplus,setup, [ "Cliplus,convert,wedge to dwedge",
>
| Step 3: Inserting all help pages into HDB and the browser using the last modified list:

convert,wedge to dwedge"]]]

| > insert helppages (Lauto,MapleVersion) ;
Trying to read file C:\Maplell/P11/Cliplusll/Help/&dw M1l.mws...
Success... inserting topic Cliplus, &dw from the file:
C:\Maplel 1/P11/Cliplusi I/Help/&dw M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/clibasis M1l.mws...
Success... inserting topic Cliplus,clibasis from the file:
C:\Maplel 1/P11/Cliplus11/Help/clibasis M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/clieval Mll.mws...
Success... inserting topic Cliplus,clieval from the file:
C:\Maplel 1/P11/Cliplus11/Help/clieval M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/cliexpand M1l.mws...
Success... inserting topic Cliplus,cliexpand from the file:
C:\Maplel 1/P11/Cliplus11/Help/cliexpand_M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/climul M1l.mws...
Success... inserting topic Cliplus,climul from the file:
C:\Maplel 1/P11/Cliplus11/Help/climul M1I11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/clirev Mll.mws...
Success... inserting topic Cliplus,clirev from the file:
C:\Maplel 1/P11/Cliplusi1/Help/clirev_M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/dottedcbasis Ml1l.mws...
Success... inserting topic Cliplus,dottedcbasis from the file:
C:\Maplel 1/P11/Cliplus11/Help/dottedcbasis M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/dwedge Mll.mws...
Success... inserting topic Cliplus,dwedge from the file:
C:\Maplel 1/P11/Cliplus11/Help/dwedge M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/dwedge to wedge Mll.mws...
Success... inserting topic Cliplus,convert,dwedge to wedge from the file:
C:\Maplel 1/P11/Cliplusl1/Help/dwedge to wedge MII1.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/LCbig M1l.mws...
Success... inserting topic Cliplus,LCbig from the file:
C:\Maplel 1/P11/Cliplusl1/Help/LCbig MI11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/makeclialiases Mll.mws...
Success... inserting topic Cliplus,makeclialiases from the file:
C:\Maplel 1/P11/Cliplus11/Help/makeclialiases M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/RCbig M1l.mws...
Success... inserting topic Cliplus,RCbig from the file:
C:\Maplel 1/P11/Cliplusi1/Help/RCbig M11.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/setup M1l.mws...
Success... inserting topic Cliplus,setup from the file:
C:\Maplel 1/P11/Cliplus11/Help/setup M1 1.mws
Trying to read file C:\Maplell/P11/Cliplusll/Help/wedge to dwedge Mll.mws...
Success... inserting topic Cliplus,convert,wedge to dwedge from the file:
C:\Maplel 1/P11/Cliplus11/Help/wedge to_dwedge MI1I1.mws
khkAkhkkk kA kA khk Ak Ak kA khk kA hkxk*k
Finished inserting 14 file topics into the HDB and Browser
khkAk Ak kA kA khk Ak Ak kA khkhhkkk*k



[ > #?setup
" Inserting help pages for GTP:

: > HDB_LIB PATH:=convert(libname[l],6 name) ;
HELP_FILE_PATH:=‘C:\\Maplell/Pll/GTPll/Help/‘;
BROWSER PATH:="Mathematics/Algebra/’;

ModuleName := GTP';
Parent :="Clifford, setup ;
GrandParent :="Clifford,intro’;

MapleVersion:="M11";
typesLIST:=["gradedeven",6 "gradedmonom", "gradedodd", "gradedpolynom"
1;

converts:=[];

HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH = C:\Maplel1/P11/GTPI11/Help/
BROWSER PATH = Mathematics/Algebra/
ModuleName = GTP
Parent = Clifford,setup
GrandParent := Clifford,intro
MapleVersion :="M11"
typesLIST = [ "gradedeven", "gradedmonom", "gradedodd", "gradedpolynom" |
L converts = |
>
| Step 1: Generating an automatic list from help page files:

> Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple
Version) ;

Lauto = [[ GTP, &t, Clifford,setup, [ "GTP,&t", "&t"]],
[ GTP,cmulB, Clifford,setup, [ "GTP,cmulB", "cmulB"]],
[ GTP,gbasis, Clifford,setup, [ "GTP,gbasis", "gbasis" | ],
[ GTP,gcollect, Clifford,setup, [ "GTP,gcollect", "gcollect" ] ],
[ GTP,gprod, Clifford,setup, [ "GTP,gprod", "gprod"]],
[ GTP,type,gradedeven, Clifford,setup, [ "GTP,type,gradedeven", "type,gradedeven"] ],
[ GTP,type,gradedmonom, Clifford,setup, | "GTP,type,gradedmonom", "type,gradedmonom" ] |,
[ GTP,type,gradedodd, Clifford, setup, [ "GTP,type,gradedodd", "type,gradedodd"] ],
[ GTP,type,gradedpolynom, Clifford,setup, [ "GTP,type,gradedpolynom", "type,gradedpolynom"] ]
, | GTP,gradedprod, Clifford,setup, [ "GTP,gradedprod", "gradedprod"]],




[ GTP,grade, Clifford,setup, [ "GTP,grade", "grade"] ],
[ GTP,tensorrank, Clifford,setup, | "GTP,tensorrank", "tensorrank" | ] ]
[ >
| Step 2: Modifying, if needed, certain entries in Lauto list:
[ > modsLIST:=[
[ 'GTP,cmulB’, ["GTP,cmulB","cmulB","cmul"]]
I
> for mem in modsLIST do
Lauto:=modifyLIST (Lauto, op (mem))
end do:
Lauto;

[ [ GTP,&t, Clifford,setup, [ "GTP,&t", "&t"]],
[ GTP,cmulB, Clifford,setup, [ "GTP,cmulB", "cmulB", "cmul" ] ],
[ GTP,gbasis, Clifford,setup, [ "GTP,gbasis", "gbasis" | ],
[ GTP,gcollect, Clifford,setup, [ "GTP,gcollect", "gcollect"]],
[ GTP,gprod, Clifford,setup, [ "GTP,gprod", "gprod"]],
[ GTP,type,gradedeven, Clifford,setup, [ "GTP,type,gradedeven", "type,gradedeven"] ],
[ GTP,type,gradedmonom, Clifford,setup, | "GTP,type,gradedmonom", "type,gradedmonom" ] |,
[ GTP,type,gradedodd, Clifford,setup, [ "GTP,type,gradedodd", "type,gradedodd"] ],
[ GTP,type,gradedpolynom, Clifford,setup, [ "GTP,type,gradedpolynom", "type,gradedpolynom"] ]
, | GTP,gradedprod, Clifford,setup, [ "GTP,gradedprod", "gradedprod"] ],
[ GTP,grade, Clifford,setup, | "GTP,grade", "grade" ] ],
L [ GTP,tensorrank, Clifford,setup, | "GTP,tensorrank", "tensorrank" ] ]]
>
| Step 3: Inserting all help pages into HDB and the browser using the last modified list:

| > insert helppages (Lauto,MapleVersion) ;

Trying to read file C:\Maplell/P11/GTP1l1/Help/&t Mll.mws...
Success... inserting topic GTP, &t from the file:

C:\Maplel 1/P11/GTP11/Help/&t M11.mws

Trying to read file C:\Maplell/P11/GTPll/Help/cmulB Mll.mws...
Success... inserting topic GTP,cmulB from the file:

C:\Maplel 1/P11/GTP11/Help/cmulB_M]11.mws
Trying to read file C:\Maplell/P11/GTP11l/Help/gbasis Mll.mws...
Success... inserting topic GTP,gbasis from the file:

C:\Maplel1/P11/GTPI11/Help/gbasis M11.mws
Trying to read file C:\Maplell/P11/GTP1l1/Help/gcollect MI1l.mws...
Success... inserting topic GTP,gcollect from the file:

C:\Maplel 1/P11/GTPI11/Help/gcollect M11.mws
Trying to read file C:\Maplell/P11/GTP11l/Help/gprod Mll.mws...
Success... inserting topic GTP,gprod from the file:

C:\Maplel 1/P11/GTP11/Help/gprod M11.mws

Trying to read file C:\Maplell/P11/GTPll/Help/gradedeven Mll.mws...
Success... inserting topic GTP, type,gradedeven from the file:




Trying to

Trying to

Trying to

Trying to

Trying to

Trying to

Success...

Success...

sSuccess...

Success...

Success...

Success...

C:\Maplel 1/P11/GTP11/Help/gradedeven_M11.mws
read file C:\Maplell/P11/GTP11/Help/gradedmonom Ml11l.mws. ..
inserting topic GTP, type,gradedmonom from the file:
C:\Maplel 1/P11/GTP11/Help/gradedmonom M1 1.mws
read file C:\Maplell/P11/GTPl1l/Help/gradedodd M1l.mws...
inserting topic GTP, type,gradedodd from the file:

C:\Maplel 1/P11/GTPI1/Help/gradedodd M11.mws

read file C:\Maplell/P11/GTP1l1/Help/gradedpolynom M1l.mws...

inserting topic GTP, type,gradedpolynom from the file:

C:\Maplel 1/P11/GTPI11/Help/gradedpolynom M1 1.mws
read file C:\Maplell/P11/GTP1l1l/Help/gradedprod M1l.mws...
inserting topic GTP,gradedprod from the file:
C:\Maplel 1/P11/GTP11/Help/gradedprod M11.mws
read file C:\Maplell/P11/GTP11/Help/grade Ml1l.mws...
inserting topic GTP,grade from the file:

C:\Maplel 1/P11/GTPI11/Help/grade M11.mws
read file C:\Maplell/P11/GTP1l1/Help/tensorrank M1l.mws...
inserting topic GTP, tensorrank from the file:

C:\Maplel 1/P11/GTP11/Help/tensorrank M1 1.mws

khkAkhkhkkkhkhkhkk khhkkhkkhkhkhkkxhhkhkkkk

Finished inserting 12 file topics into the HDB and Browser
khkkhkhkkhkkhkhkkhkkAkhkk kA Ak hkhkhkhkkk*k

E > ##?cmulB

[ >

[ > ##HHHH

" Inserting help pages for Octonion:

> HDB LIB PATH:=convert(libname[l],6 name) ;
HELP FILE PATH:="C:\\Maplell/P11l/Octonionll/Help/ ;
BROWSER_PATH:

="Mathematics/Algebra/" ;

ModuleName ="Octonion ;
Parent ="Octonion,setup’;
GrandParent :="Clifford,intro’;

MapleVersion:="M11";
typesLIST
convertsLIST:=[];

:=["Fano_triples", "octonion"];

HDB LIB PATH = C:\Maplel 1/Cliffordlib
HELP FILE PATH = C:\Maplel1/P11/Octonionl 1/Help/
BROWSER _PATH = Mathematics/Algebra/
ModuleName = Octonion

Parent := Octonion,setup
GrandParent := Clifford,intro



MapleVersion := "M11"
typesLIST .= [ "Fano _triples", "octonion" ]

i convertsLIST = ]
| Step 1: Generating an automatic list from help page files:

] > Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple
Version) ;
Lauto = [ [ Octonion,associator, Octonion,setup, [ "Octonion,associator", "associator" ] ],
[ Octonion,commutator, Octonion,setup, [ "Octonion,commutator"”, "commutator" | |,
[ Octonion,def omultable, Octonion,setup, [ "Octonion,def omultable", "def omultable"]], [
Octonion,type,Fano_triples, Octonion,setup, [ "Octonion,type,Fano_triples", "type,Fano_triples"]]
, [ Octonion,type,octonion, Octonion,setup, [ "Octonion,type,octonion", "type,octonion" ] ],
[ Octonion,oinv, Octonion,setup, [ "Octonion,oinv", "oinv" ] ],
[ Octonion,omultable, Octonion,setup, [ "Octonion,omultable", "omultable" ] ],
[ Octonion,omul, Octonion,setup, [ "Octonion,omul", "omul"]],

nn

[ Octonion,onorm, Octonion,setup, [ "Octonion,onorm", "onorm" ] ],

nn

[ Octonion,oversion, Octonion,setup, [ "Octonion,oversion", "oversion" | |,

[ Octonion,o_conjug, Octonion,setup, [ "Octonion,0_conjug", "o _conjug"]],

[ Octonion, Phi, Octonion,setup, [ "Octonion,Phi", "Phi"]],

[ Octonion,purevectorpart, Octonion,setup, [ "Octonion,purevectorpart”, "purevectorpart" ] |,
[ Octonion,realpart, Octonion,setup, [ "Octonion,realpart", "realpart"]],

n"nn

[ Octonion,setup, Clifford,intro, [ "Octonion,setup", "setup" 1]

[ >
| Step 2: Modifying, if needed, certain entries in Lauto list:
[ > modsLIST:=][

[ Octonion,omul”, ["Octonion,omul”,"omul","&o","octonion", "Octonion
"1
S

> for mem in modsLIST do

Lauto:=modifyLIST (Lauto, op (mem))

end do:
Lauto;

"nn

[ [ Octonion,associator, Octonion,setup, [ "Octonion,associator", "associator" ] ],

[ Octonion,commutator, Octonion,setup, [ "Octonion,commutator", "commutator" | |,

[ Octonion,def omultable, Octonion,setup, [ "Octonion,def omultable", "def omultable"]], [
Octonion,type,Fano_triples, Octonion,setup, [ "Octonion,type,Fano_triples", "type,Fano_triples"]]
, [ Octonion,type,octonion, Octonion,setup, | "Octonion,type,octonion", "type,octonion"]],

nn

[ Octonion,oinv, Octonion,setup, [ "Octonion,oinv", "oinv"]],




[ Octonion,omultable, Octonion,setup, [ "Octonion,omultable", "omultable" ] ],

[ Octonion,omul, Octonion,setup, [ "Octonion,omul", "omul", "&o",
[ Octonion,onorm, Octonion,setup, | "Octonion,onorm",
[ Octonion,oversion, Octonion,setup, [ "Octonion,oversion",

Octonion,o conjug, Octonion,setup, [ "Octonion,o conjug",
_comjug 'p _conjug

nn

octonion", "Octonion" ] ],

non

onorm" | ],

"nn

oversion" ] ],

o_conjug"]],

[ Octonion, Phi, Octonion,setup, [ "Octonion,Phi", "Phi"]],

[ Octonion,purevectorpart, Octonion,setup, [ "Octonion,purevectorpart”, "purevectorpart" ] |,

[ Octonion,realpart, Octonion,setup, [ "Octonion,realpart", "realpart" ] ],

[ Octonion,setup, Clifford,intro, [ "Octonion,setup",

T >

"nn

setup”]]]

| Step 3: Inserting all help pages into HDB and the browser using the last modified list:
> insert helppages (Lauto,MapleVersion) ;

Trying to

sSuccess...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success. ..

Trying to

Success. ..

Trying to

sSuccess...

Trying to

Success...

read file C:\Maplell/P11/Octonionll/Help/associator M1l.mws...
inserting topic Octonion,associator from the file:
C:\Maplel 1/P11/Octonionl 1/Help/associator M1 1.mws
read file C:\Maplell/P11/Octonionll/Help/commutator M1l.mws...
inserting topic Octonion,commutator from the file:
C:\Maplel 1/P11/Octonionl 1/Help/commutator M1 1.mws
read file C:\Maplell/P11/Octonionll/Help/def omultable Mll.mws...
inserting topic Octonion,def omultable from the file:
C:\Maplel 1/P11/Octonionl 1/Help/def omultable M1I11.mws
read file C:\Maplell/P11/Octonionll/Help/Fano triples Mll.mws...
inserting topic Octonion, type,Fano triples from the file:
C:\Maplel 1/P11/Octonionl 1/Help/Fano_triples M11.mws
read file C:\Maplell/P11/Octonionll/Help/octonion Mll.mws...
inserting topic Octonion, type,octonion from the file:
C:\Maplel 1/P11/Octonionl 1/Help/octonion M1 1.mws
read file C:\Maplell/P11/Octonionll/Help/oinv Mll.mws...
inserting topic Octonion,oinv from the file:
C:\Maplel 1/P11/Octonionl 1/Help/oinv_M11.mws
read file C:\Maplell/P11/Octonionll/Help/omultable M1l.mws...
inserting topic Octonion,omultable from the file:
C:\Maplel 1/P11/Octonionl 1/Help/omultable M11.mws
read file C:\Maplell/P11/Octonionll/Help/omul M1l.mws...
inserting topic Octonion,omul from the file:
C:\Maplel 1/P11/Octonionl 1/Help/omul M11.mws
read file C:\Maplell/P11/Octonionll/Help/onorm M1l.mws...
inserting topic Octonion,onorm from the file:
C:\Maplel 1/P11/Octonionl 1/Help/onorm_M1I1.mws
read file C:\Maplell/P11/Octonionll/Help/oversion Mll.mws...
inserting topic Octonion,oversion from the file:
C:\Maplel 1/P11/Octonionl 1/Help/oversion_M]I1.mws
read file C:\Maplell/P11/Octonionll/Help/o conjug Mll.mws...
inserting topic Octonion,o conjug from the file:

C:\Maplel 1/P11/Octonionl 1/Help/o_conjug M11.mws



Trying to read file C:\Maplell/P11/Octonionll/Help/Phi M1l.mws...
Success... inserting topic Octonion,Phi from the file:

C:\Maplel 1/P11/Octonionl 1/Help/Phi_MI11.mws

Trying to read file C:\Maplell/P11/Octonionll/Help/purevectorpart MI1l.mws...
Success... inserting topic Octonion,purevectorpart from the file:

C:\Maplel 1/P11/Octonionl 1/Help/purevectorpart M11.mws
Trying to read file C:\Maplell/P11/Octonionll/Help/realpart Mll.mws...
Success... inserting topic Octonion,realpart from the file:

C:\Maplel 1/P11/Octonionl 1/Help/realpart M11.mws
Trying to read file C:\Maplell/P11/Octonionll/Help/setup Mll.mws...
Success... inserting topic Octonion, setup from the file:

C:\Maplel 1/P11/Octonionl 1/Help/setup M1 1.mws

khkkkhkkkhkhkkkhkrkkhkrkkxkhhkkx*

Finished inserting 15 file topics into the HDB and Browser
khkkhkrkhhkhkkhkhkhkhkhkhkkhkhxhkhkrxkhkxk*k

[ > #AHHHHARH GRS H AR R R
##1list of types defined in the module
EEEE IS ISR EEE L LT
typesLIST:=["antisymmatrix",6 "clibasmon", "climatrix", "climon", "clip
olynom",

"cliprod","cliscalar","diagmatrix", "dfmatrix", "evenelement",
"fieldelement", "gencomplex", "genquatbasis", "genquaternion",

"idempotent","nilpotent", "oddelement", "primitiveidemp", "purequatba
sis",

"quaternion","symmatrix", "tensorprod"];
HHEHHARHHBRAFR AR RS R R F AR H AR RS SSRH
##1list of types converts defined in the module
SRR 00000300000 8 28 8 8 8 8 8 48 8 8 8 48 48 8 S8 8 1 1 1
convertsLIST:=["mlist",6 "str_ to int"];

typesLIST := [ "antisymmatrix", "clibasmon", "climatrix", "climon", "clipolynom", "cliprod",

"cliscalar", "diagmatrix", "dfmatrix", "evenelement", "fieldelement", "gencomplex",

"genquatbasis", "genquaternion", "idempotent", "nilpotent", "oddelement", "primitiveidemp",

"purequatbasis”, "quaternion", "symmatrix", "tensorprod" |

L convertsLIST = [ "mlist", "str_to_int"]
L >
" Inserting help pages for SchurFkt:

> HDB_LIB PATH:=convert(libname[l],6 name) ;
HELP FILE PATH:="C:\\Maplell/Pll/SchurFktll/Help/ ;
BROWSER PATH:="Mathematics/Algebra/’;
ModuleName := SchurFkt’;




Parent :="SchurFkt,Overview’ ;
GrandParent :="Algebra’;
MapleVersion:="M11";

$HEF
##l1list of types defined in the module

HHERHHHH BB RRA RS R

typesLIST:=["sfktmonom", "sfktterm", "sfktpolynom",
"pfktmonom" , "pfktterm", "pfktpolynom",
"mfktmonom" , "mfktterm" , "mfktpolynom",
"hfktmonom" , "hfktterm" , "hfktpolynom",
"efktmonom" , "efktterm", "efktpolynom",
"ffktmonom" ,"ffktterm" ,"ffktpolynom"
1;

HHARHHHH BB AR AR RS

##l1list of types converts defined in the module

B HRERRRHHHE RS R AR R R R

convertsLIST:=[];

HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH := C:\Maplel1/P11/SchurFktl1/Help/
BROWSER PATH := Mathematics/Algebra/
ModuleName := SchurFkt
Parent := SchurFkt,Overview
GrandParent = Algebra
MapleVersion :="M11"
typesLIST = [ "sfktmonom", "sfktterm", "stktpolynom", "pfktmonom", "ptktterm", "pfktpolynom",

b

n.n nn

"mfktmonom", "mfktterm", "mfktpolynom", "htktmonom", "hfktterm", "htktpolynom",
nn nn

"efktmonom", "efktterm", "efktpolynom", "ffktmonom", "ftktterm", "tfktpolynom" ]

| convertsLIST .= ]
| > L:=with (SchurFkt) ;

L :=[AlexComp, CharHook, CompNM, FLAT, Frob2part, GesselThetaP, GesselThetasS,
KostkaPC, KostkaTable, LaplaceM, LaplaceM mon, LaplaceTable, MLIN, MurNak, MurNak?2,
PartNM, Scalar, ScalarHM, ScalarMH, ScalarP, antipE, antipH, antipM, antipMC, antipP,
antipS, branch, cinner, cinnerP, cmp2part, cmp2prtMult, concatM, conjpart, counitinnerP,
counitlnnerS, couter, couterE, couterH, couterM, couterON, couterP, cplethP, cplethsS, dimSN,
e to_h,e to s, evalJacobiTrudiMatrix, getSfktSeries, grAlexComp, h_to_m, h_to_s, inner, innerH.
innerP, isLattice, m_to_p, maxlengthSymFkt, mset2part, outer, outerE, outerH, outerM, outerON,
outerP, outerS, p _to_m, p to_ s, part2Frob, part2mset, plethP, plethS, plethSnm, s to h,s to hJT,

s _to_hmat,s to_p,s to x,skew, sq coeff, truncLEN, truncWT, x to s, zee|



LI
\%

>

>

#for m in L do

#item:=convert (cat("Mathematics/Algebra/SchurFkt/", convert(m,strin
g)) , symbol) ;

#INTERFACE HELP('delete', browser=item, helpfile=HDB LIB_ PATH) ;

#end do;

#m:="type";

#item:=convert (cat("Mathematics/Algebra/SchurFkt/", convert (m,strin
9)) ,symbol) ;

#INTERFACE HELP('delete' , browser=item, helpfile=HDB LIB_ PATH) ;
#?SchurFkt

###From Bertfried

#### types

#

# type/sfktmonom’, “type/sfktterm’, "type/sfktpolynom’,

#

#

[ SchurFkt, type,sfktpolynom’ ,Parent, ["SchurFkt, type, sfktmonom" , "Sc
hurFkt, type,sfktterm", "SchurFkt, type,sfktpolynom"]],

#

[ SchurFkt, type ,Parent, ["SchurFkt, type,pfktmonom", "SchurFkt, type,
pfktterm", "SchurFkt, type,pfktpolynom"]],

#

[ SchurFkt, type ,Parent, ["SchurFkt, type,mfktmonom", "SchurFkt, type,
mfktterm" , "SchurFkt, type,mfktpolynom"]],

#

[ SchurFkt, type ,Parent, ["SchurFkt, type,hfktmonom", "SchurFkt, type,
hfktterm", "SchurFkt, type,hfktpolynom"]],

#

[ SchurFkt, type ,Parent, ["SchurFkt, type,efktmonom", "SchurFkt, type,
efktterm", "SchurFkt, type,efktpolynom"]],

#

[ SchurFkt, type ,Parent, ["SchurFkt, type, ffktmonom", "SchurFkt, type,
ffktterm", "SchurFkt, type, ffktpolynom"]]

| Step 1: Generating an automatic list from help page files:

Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple
Version) ;

Lauto := [ [ SchurFkt,AlexComp, SchurFkt,Overview, [ "SchurFkt,AlexComp", "AlexComp"] ],

[ SchurFkt,antipS, SchurFkt,Overview, [ "SchurFkt,antipS", "antipS"]],
[ SchurFkt,branch, SchurFkt,Overview, [ "SchurFkt,branch", "branch"]],



[ SchurFkt,CharHook, SchurFkt, Overview, [ "SchurFkt,CharHook", "CharHook" ] ],

[ SchurFkt,cinner, SchurFkt,Overview, | "SchurFkt,cinner", "cinner" ] |,

[ SchurFkt,cmp2part, SchurFkt,Overview, [ "SchurFkt,cmp2part", "cmp2part" ] ],

[ SchurFkt,cmp2prtMult, SchurFkt,Overview, [ "SchurFkt,cmp2prtMult", "cmp2prtMult" ] ],
[ SchurFkt,CompNM, SchurFkt,Overview, [ "SchurFkt,CompNM", "CompNM" ] ],

[ SchurFkt,concatM, SchurFkt,Overview, [ "SchurFkt,concatM", "concatM" ] |,

[ SchurFkt,conjpart, SchurFkt,Overview, [ "SchurFkt,conjpart", "conjpart" ] ],

[ SchurFkt,couterE, SchurFkt,Overview, [ "SchurFkt,couterE", "couterE" ],

[ SchurFkt,couterH, SchurFkt,Overview, [ "SchurFkt,couterH", "couterH" ] ],

[ SchurFkt,couterM, SchurFkt, Overview, [ "SchurFkt,couterM", "couterM" ] ],

[ SchurFkt,couterON, SchurFkt,Overview, [ "SchurFkt,couterON", "couterON"]],

[ SchurFkt,couterP, SchurFkt,Overview, [ "SchurFkt,couterP", "couterP"]],

[ SchurFkt,couter, SchurFkt,Overview, [ "SchurFkt,couter", "couter" ] ],

[ SchurFkt,cplethP, SchurFkt,Overview, [ "SchurFkt,cplethP", "cplethP" ] ],

[ SchurFkt,cplethS, SchurFkt,Overview, [ "SchurFkt,cplethS", "cplethS" ] ],

[ SchurFkt,dimSN, SchurFkt,Overview, [ "SchurFkt,dimSN", "dimSN" ] ],

[ SchurFkt, Dummy, SchurFkt,Overview, [ "SchurFkt,Dummy", "Dummy" ]|,

[ SchurFkt, FLAT, SchurFkt,Overview, [ "SchurFkt, FLAT", "FLAT"]],

[ SchurFkt, Frob2part, SchurFkt,Overview, | "SchurFkt,Frob2part", "Frob2part" | ],

[ SchurFkt,GesselTheta, SchurFkt,Overview, [ "SchurFkt,GesselTheta", "GesselTheta" ] ],

[ SchurFkt,getSfktSeries, SchurFkt,Overview, [ "SchurFkt,getSfktSeries", "getStktSeries" ] ],
[ SchurFkt,grAlexComp, SchurFkt,Overview, [ "SchurFkt,grAlexComp", "grAlexComp" | ],
[ SchurFkt,h_to s, SchurFkt,Overview, [ "SchurFkt,h to s","h to s"]],

[ SchurFkt,innerP, SchurFkt,Overview, [ "SchurFkt,innerP", "innerP" ],

[ SchurFkt,inner, SchurFkt,Overview, [ "SchurFkt,inner", "inner" ] ],

[ SchurFkt isLattice, SchurFkt,Overview, [ "SchurFkt,isLattice", "isLattice" ] ],

[ SchurFkt,KostkaPC, SchurFkt,Overview, [ "SchurFkt,KostkaPC", "KostkaPC"] ],

[ SchurFkt, KostkaTable, SchurFkt,Overview, [ "SchurFkt,KostkaTable", "KostkaTable"]],
[ SchurFkt,LaplaceM, SchurFkt,Overview, [ "SchurFkt,LaplaceM", "LaplaceM" ] ],

[ SchurFkt,LaplaceM mon, SchurFkt,Overview, [ "SchurFkt,LaplaceM_mon", "LaplaceM_mon" ] |
, [ SchurFkt,LaplaceTable, SchurFkt,Overview, [ "SchurFkt,LaplaceTable", "LaplaceTable"]],
[ SchurFkt, MLIN, SchurFkt,Overview, [ "SchurFkt, MLIN", "MLIN"]],

[ SchurFkt,mset2part, SchurFkt,Overview, [ "SchurFkt,mset2part", "mset2part" ||,

[ SchurFkt, MurNak2, SchurFkt,Overview, [ "SchurFkt,MurNak2", "MurNak2"]],

[ SchurFkt, MurNak, SchurFkt,Overview, [ "SchurFkt,MurNak", "MurNak" ] ],

[ SchurFkt,m_to p, SchurFkt,Overview, [ "SchurFkt,m to p", "m to p"]],



[ SchurFkt,outerE, SchurFkt,Overview, [ "SchurFkt,outerE", "outerE" ] ],

[ SchurFkt,outerH, SchurFkt,Overview, [ "SchurFkt,outerH", "outerH" ] ],

[ SchurFkt,outerM, SchurFkt, Overview, [ "SchurFkt,outerM", "outerM" ] ],

[ SchurFkt,outerON, SchurFkt, Overview, [ "SchurFkt,outerON", "outerON" ],

[ SchurFkt,outerP, SchurFkt,Overview, [ "SchurFkt,outerP", "outerP" ],

[ SchurFkt,outerS, SchurFkt,Overview, [ "SchurFkt,outerS", "outerS" ] ],

[ SchurFkt,outer, SchurFkt,Overview, | "SchurFkt,outer", "outer" ] ],

[ SchurFkt,Overview, Algebra, [ "SchurFkt,Overview", "Overview" ]|,

[ SchurFkt,part2Frob, SchurFkt,Overview, [ "SchurFkt,part2Frob", "part2Frob" ] |,
[ SchurFkt part2mset, SchurFkt,Overview, [ "SchurFkt,part2mset", "part2mset" | |,
[ SchurFkt,PartNM, SchurFkt,Overview, [ "SchurFkt,PartNM", "PartNM" ] ],

[ SchurFkt,plethP, SchurFkt,Overview, [ "SchurFkt,plethP", "plethP"]],

[ SchurFkt,plethSnm, SchurFkt,Overview, [ "SchurFkt,plethSnm", "plethSnm" ]],
[ SchurFkt,plethS, SchurFkt,Overview, [ "SchurFkt,plethS", "plethS" ]],

[ SchurFktp to m, SchurFkt,Overview, [ "SchurFkt,p to m", "p to m"]],

[ SchurFktp to s, SchurFkt,Overview, [ "SchurFkt,p to s","p to s"]],

[ SchurFkt,ScalarP, SchurFkt,Overview, [ "SchurFkt,ScalarP", "ScalarP"]],

[ SchurFkt,Scalar, SchurFkt,Overview, [ "SchurFkt,Scalar", "Scalar" ] ], [
SchurFkt,type,stktpolynom, SchurFkt, Overview,

[ "SchurFkt,type,sfktpolynom", "type,stktpolynom"]],

[ SchurFkt,skew, SchurFkt,Overview, [ "SchurFkt,skew", "skew" ]],

[ SchurFkt,sq coeff, SchurFkt,Overview, [ "SchurFkt,sq coeff", "sq_coeff"]],

[ SchurFkt,s_to_h, SchurFkt,Overview, [ "SchurFkt,s to h","s to h"]],

[ SchurFkt,s _to_p, SchurFkt,Overview, [ "SchurFkt,s to p","s to p"]],

[ SchurFkt,s_to_x, SchurFkt,Overview, [ "SchurFkt,s to x","s to x"]],

[ SchurFkt, truncWT, SchurFkt, Overview, [ "SchurFkt,truncWT", "truncWT" ] ],
[ SchurFktx to_s, SchurFkt,Overview, [ "SchurFkt,x to s","x to s"]],

[ SchurFkt,zee, SchurFkt,Overview, [ "SchurFkt,zee", "zee" | ]]

>
| Step 2: Modifying, if needed, certain entries in Lauto list:
>
[ > ###From Bertfried
###Bertfried: Please do not insert Grandparent or parent into this
| list:
[ > L:=[[ SchurFkt,Overview , [

"SchurFkt", "Schurfkt", "schurfkt", "help", "SchurFkt,6 help", "schurfkt,
help",




"Schurfkt,Overview", "SchurFkt,overview", "schurfkt,overview",

"Symmetric functions",'"Schur functions"]],
"SchurFkt,AlexComp , ["Anti Lexicographical Ordering"]],
*SchurFkt,CharHook ", ["hook", "hook Schur function"]],
"SchurFkt,CompNM", ["generate compositions"]],
"SchurFkt,FLAT  , ["flattening",6 "associativity"]],
"SchurFkt,Frob2part’, ["partition","Frobenius partition"]],
"SchurFkt,GesselTheta , ["GesselThetaS", "GesselThetaP"]],

[ SchurFkt,KostkaPC , ["Kostka
matrix", "partition","composition"]],

[ SchurFkt,KostkaTable , ["Kostka
matrix" ,"partition","composition"]],

[ SchurFkt,LaplaceM , ["Laplace pairing","monomial symmetric
functions","cliffordization"]],

Lo T e B s B s T s B |

# [ SchurFkt,LaplaceM mon , ["Laplace pairing on

monomials", "monomial symmetric functions"]],

[ SchurFkt,LaplaceTable , ["Laplace
matrix","cliffordization"]],

[ SchurFkt,MLIN ,["multi linear", "tensor product"]],

[ SchurFkt,MurNak ", ["Murnaghan
Nakayama", "rule", "character"]],

[ SchurFkt,MurNak2" , ["Murnaghan
Nakayama", "rule", "character"]],

[ SchurFkt,PartNM , ["partition", "generation of partitions"]],

[ SchurFkt,Scalar , ["Redfield","Hall","Schur","Schur Hall
scalar product","Schur functions","symmetric functions"]],
# [ SchurFkt,ScalarHM  , ["Redfield","Hall", "Schur", "Schur Hall
scalar product","Schur functions",'"complete symmetric
functions", "monomial symmetric functions"]],
# [ SchurFkt,ScalarMH , ["Redfield","Hall","Schur","Schur Hall
scalar product","Schur functions",'"complete symmetric
functions", "monomial symmetric functions"]],

[ SchurFkt,ScalarP , ["Redfield","Hall","Schur","Schur Hall
scalar product","power sum symmetric functions"]],

[ SchurFkt,antipS , ["antipode", "outer Hopf algebra"]],

[ SchurFkt,branch’, ["group
branching", "induction", "subduction", "reduction"]],

[ SchurFkt,cinner’, ["inner coproduct"]],

[ SchurFkt,cmp2part’, ["composition", "composition projected to
partition"]],

[ SchurFkt,cmp2prtMult , ["composition", "composition as
multiset"]],



[ SchurFkt,concatM’, ["'monomial concatenation
product", "concatenation product", "product"]],

[ SchurFkt,conjpart’, ["conjugate", "conjugate
partition","partition"]],

[ SchurFkt,couter’, ["outer coproduct","Schur outer
coproduct"]],

[ SchurFkt,couterE’ , ["outer coproduct","Schur outer
coproduct", "elementary symmetric functions"]],

[ SchurFkt,couterH", ["outer coproduct","Schur outer
coproduct", "complete symmetric functions"]],

[ SchurFkt,couterM’, ["ouert coproduct", "monomial
coproduct"]],

[ SchurFkt,couterON’ , ["outer coproduct","Schur outer
coproduct", "orthogonal Schur functions"]],

[ SchurFkt,couterP’, ["ouert coproduct", "power sum
coproduct"]],

[ SchurFkt,cplethS", ["plethysm coproduct Schur functions"]],

[ SchurFkt,cplethP , ["plethysm coproduct power sum basis"]],

[ SchurFkt,dimSN ", ["SchurFkt,Overview",6 "sfkt polynom"]],

[ SchurFkt,getSfktSeries”, ["S-function", "Schur function
series"]],

[ SchurFkt,grAlexComp  , ["graded anti lexicographic
ordering"]],

[ SchurFkt,h_to_s ', ["homogeneous symmetric functions","Schur
functions"]],

[ SchurFkt,inner , ["inner product","Schur function inner
product"]],

[ SchurFkt,innerP’, ["inner product", "power sum inner
product"]],

[ SchurFkt,isLattice’,["lattice permutation test"]],

[ SchurFkt,m to p ,["monomial symmetric functions", "power sum
symmetric functions"]],

[ SchurFkt,mset2part’, ["multiset partition", "partition"]],

[ SchurFkt,outer’, ["outer product", "Schur
functions", "symmetric functions"]],

[ SchurFkt,outerE" , ["outer product", "elementary symmetric
functions"]],

[ SchurFkt,outerH , ["outer product","complete symmetric
functions"]],

[ SchurFkt,outerM’, ["outer product", "monomial symmetric
functions"]],

[ SchurFkt,outerON", ["outer product", "orthogonal Schur
functions"]],



[ SchurFkt,outerP , ["outer product", "power sum symmetric
functions"]],

[ SchurFkt,outerS", ["outer product", "Schur
functions", "symmetric functions"]],

[‘SchurFkt,p_to_m‘,["power sum symmetric function", "monomial
symmetric function"]],

[ SchurFkt,p to s, ["power sum symmetric function", "Schur
function", "symmetric function"]],

[ SchurFkt,part2Frob’, ["partition",6 "Frobenius notation"]],

[ SchurFkt,part2mset’, ["partition", "partition in multiset
notation"]],

[ SchurFkt,plethS , ["plethysm", "Schur function plethysm"]],

[ SchurFkt,plethP , ["plethysm", "power sum plethysm"]],

[ SchurFkt,s_to h',["Schur functions", "symmetric
functions","complete symmetric functions"]],

[ SchurFkt,s _to p ,["Schur functions", "symmetric
functions", "power sum symmetric functions"]],

[ SchurFkt,s_to x ', ["Schur functions", "symmetric
functions","indeterminants", "alphabet"]],

[ SchurFkt,skew , ["skew", "Foulkes derivative","Littlewood
Richardson rule"]],

[ SchurFkt,sq coeff ,["coeffcients", "dimension"]],

[ SchurFkt, truncWT , ["weight", "truncate", "Schur function
series"]],

[ SchurFkt,x to_s ,["alphabet", "Schur functions", "symmetric
functions", "indeterminants"]],

[ SchurFkt,zee , ["permutation","normalization",6 "zee","z"]]

I
>
>
> modsLIST:=[op(L)];
modsLIST = [ [ SchurFkt,Overview, [ "SchurFkt", "Schurfkt", "schurfkt", "help", "SchurFkt,help",
"schurtkt,help", "Schurtkt,Overview", "SchurFkt,overview", "schurtkt,overview",
"Symmetric functions", "Schur functions"]],
[ SchurFkt,AlexComp, [ "Anti Lexicographical Ordering"]],
[ SchurFkt,CharHook, [ "hook", "hook Schur function" ],
[ SchurFkt,CompNM, [ "generate compositions" | ],
[ SchurFkt, FLAT, [ "flattening", "associativity"]],
[ SchurFkt, Frob2part, | "partition", "Frobenius partition" ] ],
[ SchurFkt,GesselTheta, [ "GesselThetaS", "GesselThetaP" ] ],

[ SchurFkt,KostkaPC, [ "Kostka matrix", "partition", "composition" ] ],




[ SchurFkt,KostkaTable, | "Kostka matrix", "partition", "composition" ] |,

n"non nn

[ SchurFkt,LaplaceM, [ "Laplace pairing", "monomial symmetric functions", "cliffordization" ] ],
[ SchurFkt,LaplaceTable, | "Laplace matrix", "cliffordization" ] ],

[ SchurFkt, MLIN, [ "multi linear", "tensor product"]],

[ SchurFkt, MurNak, [ "Murnaghan Nakayama", "rule", "character"] ],

[ SchurFkt, MurNak2, [ "Murnaghan Nakayama", "rule", "character" ] ],

[ SchurFkt, PartNM, [ "partition", "generation of partitions" ||, [ SchurFkt,Scalar,

"Redfield", "Hall", "Schur", "Schur Hall scalar product", "Schur functions", "symmetric functions"
11, [ SchurFkt,ScalarP,

[ "Redfield", "Hall", "Schur", "Schur Hall scalar product", "power sum symmetric functions" ] ],
[ SchurFkt,antipS, [ "antipode", "outer Hopf algebra"]],

[ SchurFkt,branch, [ "group branching", "induction", "subduction", "reduction"]],

[ SchurFkt,cinner, [ "inner coproduct"]],

n.n

[ SchurFkt,cmp2part, [ "composition", "composition projected to partition" ] ],

[ SchurFkt,cmp2prtMult, [ "composition", "composition as multiset" ] ],

[ SchurFkt,concatM, [ "monomial concatenation product", "concatenation product", "product"]],

[ SchurFkt,conjpart, [ "conjugate”, "conjugate partition", "partition" ] |,

[ SchurFkt,couter, [ "outer coproduct", "Schur outer coproduct" ]|, [ SchurFkt,couterE,

[ "outer coproduct", "Schur outer coproduct", "elementary symmetric functions"]], [
SchurFkt,couterH, [ "outer coproduct", "Schur outer coproduct", "complete symmetric functions" ]
1, [ SchurFkt,couterM, [ "ouert coproduct", "monomial coproduct"]], [

SchurFkt,couterON, [ "outer coproduct", "Schur outer coproduct", "orthogonal Schur functions"] ],
[ SchurFkt,couterP, [ "ouert coproduct", "power sum coproduct" ] ],

[ SchurFkt,cplethsS, [ "plethysm coproduct Schur functions"]],

[ SchurFkt,cplethP, [ "plethysm coproduct power sum basis" ||,

[ SchurFkt,dimSN, [ "SchurFkt,Overview", "sfkt polynom"]],

[ SchurFkt,getSfktSeries, [ "S-function", "Schur function series" ] ],

[ SchurFkt,grAlexComp, [ "graded anti lexicographic ordering"]],

[ SchurFkt,h_to_s, [ "homogeneous symmetric functions", "Schur functions"]],

[ SchurFkt,inner, [ "inner product", "Schur function inner product" ] ],

[ SchurFkt,innerP, [ "inner product", "power sum inner product" ]| ],

[ SchurFkt,isLattice, [ "lattice permutation test" ] ],

[ SchurFkt,m_to p, [ "monomial symmetric functions", "power sum symmetric functions"]],

"nn

[ SchurFkt,mset2part, [ "multiset partition", "partition" ] ],
nn

[ SchurFkt,outer, [ "outer product”, "Schur functions", "symmetric functions"]],

[ SchurFkt,outerE, [ "outer product", "elementary symmetric functions"] ],



[ SchurFkt,outerH, [ "outer product", "complete symmetric functions"]],
[ SchurFkt,outerM, [ "outer product”, "monomial symmetric functions" ] ],
[ SchurFkt,outerON, | "outer product", "orthogonal Schur functions"] ],

[ SchurFkt,outerP, [ "outer product", "power sum symmetric functions"] ],

"nn

[ SchurFkt,outersS, [ "outer product", "Schur functions", "symmetric functions"]],

nn

[ SchurFktp to m, [ "power sum symmetric function", "monomial symmetric function"] ],

nn

[ SchurFktp to s, ["power sum symmetric function", "Schur function",
[ SchurFkt part2Frob, [ "partition", "Frobenius notation" ] ],

symmetric function" ] ],

[ SchurFkt part2mset, [ "partition", "partition in multiset notation" ] ],
[ SchurFkt plethS, [ "plethysm", "Schur function plethysm"]],
[ SchurFkt,plethP, [ "plethysm", "power sum plethysm"]],

nn

[ SchurFkt,s_to_h, [ "Schur functions", "symmetric functions", "complete symmetric functions"]],

nn nn

symmetric functions", "power sum symmetric functions" ]

nn

[ SchurFkt,s_to_p, [ "Schur functions",
1, [ SchurFkt,s_to x, [ "Schur functions", "symmetric functions",
[ SchurFkt,skew, [ "skew", "Foulkes derivative", "Littlewood Richardson rule" ] ],

[ SchurFkt,sq coeff, [ "coeffcients", "dimension" | ],

indeterminants", "alphabet" ] ],

[ SchurFkt,truncWT, [ "weight", "truncate", "Schur function series" ] ],

nn

[ SchurFktx to_s, [ "alphabet", "Schur functions", "symmetrlc functions", "indeterminants" ] |,

" Hnormallzatlon" " H " H]]]

[ SchurFkt, zee, [ "permutation”,
> for mem in modsLIST do
Lauto:=modifyLIST (Lauto, op (mem))
end do:

Lauto;
[ [ SchurFkt,AlexComp, SchurFkt,Overview, [ "Anti Lexicographical Ordering"] ],
[ SchurFkt,antipS, SchurFkt,Overview, [ "antipode", "outer Hopf algebra" | |, [ SchurFkt,branch,

nn nn nn

SchurFkt,Overview, [ "group branching", "induction", "subduction", "reduction"]],

[ SchurFkt,CharHook, SchurFkt,Overview, [ "hook", "hook Schur function" ],

[ SchurFkt,cinner, SchurFkt,Overview, [ "inner coproduct" ] ],

non

[ SchurFkt,cmp2part, SchurFkt,Overview, [ "composition", "composition projected to partition" ] ],

nn

[ SchurFkt,cmp2prtMult, SchurFkt,Overview, [ "composition", "composition as multiset" ] ],
[ SchurFkt,CompNM, SchurFkt,Overview, | "generate compositions" | |, [ SchurFkt,concatM,

SchurFkt,Overview, [ "monomial concatenation product", "concatenation product", "product" ] ],

nn nn

[ SchurFkt,conjpart, SchurFkt,Overview, [ "conjugate",
SchurFkt,couterE, SchurFkt,Overview,

[ "outer coproduct", "Schur outer coproduct", "elementary symmetric functions"]], [
SchurFkt,couterH, SchurFkt,Overview,

[ "outer coproduct", "Schur outer coproduct", "complete symmetric functions"] ],

conjugate partition", "partition" ] ], [



[ SchurFkt,couterM, SchurFkt, Overview, [ "ouert coproduct", "monomial coproduct"]], [
SchurFkt,couterON, SchurFkt,Overview,

[ "outer coproduct", "Schur outer coproduct", "orthogonal Schur functions"]],

[ SchurFkt,couterP, SchurFkt,Overview, [ "ouert coproduct", "power sum coproduct"]],

[ SchurFkt,couter, SchurFkt,Overview, | "outer coproduct", "Schur outer coproduct"]],

[ SchurFkt,cplethP, SchurFkt,Overview, [ "plethysm coproduct power sum basis" ] ],

[ SchurFkt,cplethS, SchurFkt,Overview, [ "plethysm coproduct Schur functions" | ],

[ SchurFkt,dimSN, SchurFkt,Overview, [ "SchurFkt,Overview", "sfkt polynom"]],

[ SchurFkt, Dummy, SchurFkt,Overview, [ "SchurFkt,Dummy", "Dummy" ]|,

[ SchurFkt, FLAT, SchurFkt,Overview, | "flattening", "associativity" | ],

[ SchurFkt, Frob2part, SchurFkt,Overview, | "partition", "Frobenius partition" | ],

[ SchurFkt,GesselTheta, SchurFkt,Overview, [ "GesselThetaS", "GesselThetaP" ] ],

[ SchurFkt,getSfktSeries, SchurFkt,Overview, [ "S-function", "Schur function series" ]],

[ SchurFkt,grAlexComp, SchurFkt,Overview, [ "graded anti lexicographic ordering" ], [
SchurFkt,h_to_s, SchurFkt,Overview, [ "homogeneous symmetric functions", "Schur functions" ] ],
[ SchurFkt,innerP, SchurFkt,Overview, [ "inner product", "power sum inner product" ] ],

[ SchurFkt,inner, SchurFkt,Overview, [ "inner product", "Schur function inner product"]],

[ SchurFkt isLattice, SchurFkt,Overview, [ "lattice permutation test" | ],

[ SchurFkt,KostkaPC, SchurFkt,Overview, [ "Kostka matrix", "partition", "composition" ] |,

[ SchurFkt,KostkaTable, SchurFkt,Overview, [ "Kostka matrix", "partition", "composition" ] ], [
SchurFkt,LaplaceM, SchurFkt,Overview,

[ "Laplace pairing", "monomial symmetric functions", "cliffordization" ] ],

[ SchurFkt,LaplaceM mon, SchurFkt,Overview, [ "SchurFkt,LaplaceM_mon", "LaplaceM_mon" ] |
, [ SchurFkt,LaplaceTable, SchurFkt,Overview, [ "Laplace matrix", "cliffordization" ] ],

[ SchurFkt, MLIN, SchurFkt,Overview, [ "multi linear", "tensor product"]],

[ SchurFkt,mset2part, SchurFkt,Overview, [ "multiset partition", "partition" ] ],

[ SchurFkt, MurNak2, SchurFkt,Overview, [ "Murnaghan Nakayama", "rule", "character" ] ],

[ SchurFkt, MurNak, SchurFkt,Overview, | "Murnaghan Nakayama", "rule", "character"]], [
SchurFkt,m_to_p, SchurFkt,Overview,

[ "monomial symmetric functions", "power sum symmetric functions"] ],

[ SchurFkt,outerE, SchurFkt,Overview, [ "outer product", "elementary symmetric functions"] ],
[ SchurFkt,outerH, SchurFkt,Overview, [ "outer product", "complete symmetric functions"]],

[ SchurFkt,outerM, SchurFkt,Overview, [ "outer product", "monomial symmetric functions" ] ],
[ SchurFkt,outerON, SchurFkt,Overview, [ "outer product", "orthogonal Schur functions"]],

[ SchurFkt,outerP, SchurFkt, Overview, [ "outer product", "power sum symmetric functions"] ], [

nn

SchurFkt,outerS, SchurFkt,Overview, [ "outer product", "Schur functions", "symmetric functions" ]



>

11

SchurFkt,outer, SchurFkt,Overview, [ "outer product", "Schur functions", "symmetric functions"] ]
, [ SchurFkt,Overview, Algebra, [ "SchurFkt", "Schurfkt", "schurfkt", "help", "SchurFkt,help",

nn

n"nn

"schurfkt,help", "Schurtkt,Overview", "SchurFkt,overview", "schurfkt,overview",
"Symmetric functions", "Schur functions"]],

[ SchurFkt,part2Frob, SchurFkt,Overview, [ "partition", "Frobenius notation" ] ],

[ SchurFkt part2mset, SchurFkt,Overview, [ "partition", "partition in multiset notation" ]|,
[ SchurFkt,PartNM, SchurFkt,Overview, [ "partition", "generation of partitions" | ],

[ SchurFkt,plethP, SchurFkt,Overview, [ "plethysm", "power sum plethysm"] ],

[ SchurFkt plethSnm, SchurFkt,Overview, [ "SchurFkt,plethSnm", "plethSnm" ] ],

[ SchurFkt,plethS, SchurFkt,Overview, [ "plethysm", "Schur function plethysm" ] ], [
SchurFkt,p _to_m, SchurFkt,Overview,

nn

[ "power sum symmetric function", "monomial symmetric function"]], [ SchurFkt,p to_s,

SchurFkt,Overview, [ "power sum symmetric function", "Schur function", "
[ SchurFkt,ScalarP, SchurFkt,Overview,

[ "Redfield", "Hall", "Schur", "Schur Hall scalar product", "power sum symmetric functions"]], [
SchurFkt,Scalar, SchurFkt,Overview, |

"Redfield", "Hall", "Schur", "Schur Hall scalar product", "Schur functions", "symmetric functions"
11, [ SchurFkt,type,sfktpolynom, SchurFkt, Overview,

[ "SchurFkt,type,sfktpolynom", "type,stktpolynom"]], [

SchurFkt,skew, SchurFkt,Overview, [ "skew", "Foulkes derivative", "Littlewood Richardson rule" ]
1, [ SchurFkt,sq_coeff, SchurFkt,Overview, [ "coeffcients", "dimension" ||, [ SchurFkt,s to h,

nmn

symmetric function" ] ],

nn

SchurFkt,Overview, [ "Schur functions",
1, [ SchurFkt,s to_p, SchurFkt,Overview,

symmetric functions", "complete symmetric functions" |

nn nn

[ "Schur functions",
SchurFkt,s to x, SchurFkt,Overview,

symmetric functions", "power sum symmetric functions"]], [

nn nn

[ "Schur functions", "symmetric functions", "indeterminants", "alphabet" ] ],

[ SchurFkt,truncWT, SchurFkt,Overview, [ "weight", "truncate", "Schur function series" | ], [
SchurFkt,x_to_s, SchurFkt,Overview,

nn nn

[ "alphabet", "Schur functions", "symmetric functions", 1ndeterm1nants"]]

nn

[ SchurFkt,zee, SchurFkt,Overview, [ "permutation", "normalization", "zee", "z" ] ]]

| Step 3: Inserting all help pages into HDB and the browser using the last modified list:
> insert helppages (Lauto,MapleVersion) ;

Trying to read file C:\Maplell/P11/SchurFktll/Help/AlexComp MI1l.mws. ..
Success... inserting topic SchurFkt,AlexComp from the file:

C:\Maplel 1/P11/SchurFktl1/Help/AlexComp M11.mws

Trying to read file C:\Maplell/P11l/SchurFktll/Help/antipS Mll.mws...
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inserting topic SchurFkt,antipS from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/antipS M11.mws
read file C:\Maplell/P11l/SchurFktll/Help/branch M1l.mws...
inserting topic SchurFkt,branch from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/branch_ M11.mws

read file C:\Maplell/P11/SchurFktll/Help/CharHook Mll.mws...

inserting topic SchurFkt,CharHook from the file:

C:\Maplel 1/P11/SchurFkt11/Help/CharHook MI11.mws

read file C:\Maplell/P11/SchurFktll/Help/cinner M11l.mws...
inserting topic SchurFkt,cinner from the file:

C:\Maplel 1/P11/SchurFktl1/Help/cinner M11.mws

read file C:\Maplell/P11/SchurFktll/Help/cmp2part Mll.mws...

inserting topic SchurFkt,cmp2part from the file:
C:\Maplel 1/P11/SchurFktl1/Help/cmp2part M11.mws

read file C:\Maplell/P11/SchurFktll/Help/cmp2prtMult M11l.mws...

inserting topic SchurFkt,cmp2prtMult from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/cmp2prtMult M11.mws
read file C:\Maplell/P11/SchurFktll/Help/CompNM M1l.mws. ..
inserting topic SchurFkt,CompNM from the file:

C:\Maplel 1/P11/SchurFktl1/Help/CompNM_ M1 1.mws

read file C:\Maplell/P11/SchurFktll/Help/concatM Mll.mws...

inserting topic SchurFkt,concatM from the file:

C:\Maplel 1/P11/SchurFktl1/Help/concatM M1 1.mws

read file C:\Maplell/P11/SchurFktll/Help/conjpart Mll.mws...

inserting topic SchurFkt,conjpart from the file:

C:\Maplel 1/P11/SchurFktl1/Help/conjpart MI11.mws

read file C:\Maplell/P11/SchurFktll/Help/couterE Mll.mws...

inserting topic SchurFkt,couterE from the file:

C:\Maplel 1/P11/SchurFktl1/Help/couterE_M11.mws

read file C:\Maplell/P11/SchurFktll/Help/couterH Mll.mws...

inserting topic SchurFkt,couterH from the file:

C:\Maplel 1/P11/SchurFktl1/Help/couterH M11.mws

read file C:\Maplell/P11/SchurFktll/Help/couterM Mll.mws...

inserting topic SchurFkt,couterM from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/couterM M 11.mws

read file C:\Maplell/P11/SchurFktll/Help/couterON Mll.mws...

inserting topic SchurFkt,couterON from the file:

C:\Maplel 1/P11/SchurFktl1/Help/couterON _M11.mws

read file C:\Maplell/P1l1/SchurFktll/Help/couterP Mll.mws...

inserting topic SchurFkt,couterP from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/couterP_M11.mws
read file C:\Maplell/P11/SchurFktll/Help/couter M1l.mws...
inserting topic SchurFkt,couter from the file:

C:\Maplel 1/P11/SchurFktl1/Help/couter M11.mws

read file C:\Maplell/P11/SchurFktll/Help/cplethP Mll.mws...

inserting topic SchurFkt,cplethP from the file:
C:\Maplel 1/P11/SchurFktl1/Help/cplethP MI11.mws

read file C:\Maplell/P11/SchurFktll/Help/cplethS Mll.mws...

inserting topic SchurFkt,cplethS from the file:
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C:\Maplel 1/P11/SchurFktl1/Help/cplethS M11.mws
read file C:\Maplell/P11/SchurFktll/Help/dimSN M1l.mws...
inserting topic SchurFkt,dimSN from the file:
C:\Maplel 1/P11/SchurFktl1/Help/dimSN_M11.mws
read file C:\Maplell/P11/SchurFktll/Help/Dummy M11l.mws...
inserting topic SchurFkt,Dummy from the file:

C:\Maplel 1/P11/SchurFktl1/Help/Dummy M11.mws
read file C:\Maplell/P11/SchurFktll/Help/FLAT M11l.mws...
inserting topic SchurFkt, FLAT from the file:

C:\Maplel 1/P11/SchurFktl1/Help/FLAT M11.mws
read file C:\Maplell/P11/SchurFktll/Help/Frob2part M1l.mws...
inserting topic SchurFkt,Frob2part from the file:

C:\Maplel 1/P11/SchurFktl1/Help/Frob2part M11.mws

read file C:\Maplell/P11/SchurFktll/Help/GesselTheta M1l.mws...
inserting topic SchurFkt,GesselTheta from the file:

C:\Maplel 1/P11/SchurFkt11/Help/GesselTheta M11.mws

read file C:\Maplell/P11/SchurFktll/Help/getSfktSeries Mll.mws...

inserting topic SchurFkt,getSfktSeries from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/getSfktSeries M11.mws
read file C:\Maplell/P11/SchurFktll/Help/grAlexComp M1l.mws...
inserting topic SchurFkt,grAlexComp from the file:
C:\Maplel 1/P11/SchurFktl1/Help/grAlexComp MI1.mws
read file C:\Maplell/P11l/SchurFktll/Help/h to s Mll.mws...
inserting topic SchurFkt,h to s from the file:
C:\Maplel 1/P11/SchurFktl1/Help/h_to s M11.mws
read file C:\Maplell/P11/SchurFktll/Help/innerP Mll.mws...
inserting topic SchurFkt,innerP from the file:
C:\Maplel 1/P11/SchurFktl 1/Help/innerP_M11.mws
read file C:\Maplell/P11/SchurFktll/Help/inner Mll.mws...
inserting topic SchurFkt,inner from the file:
C:\Maplel 1/P11/SchurFktl 1/Help/inner M11.mws
read file C:\Maplell/P11/SchurFktll/Help/isLattice M1l.mws...
inserting topic SchurFkt,isLattice from the file:
C:\Maplel 1/P11/SchurFktl1/Help/isLattice M11.mws
read file C:\Maplell/P11/SchurFktll/Help/KostkaPC Mll.mws...
inserting topic SchurFkt,KostkaPC from the file:
C:\Maplel 1/P11/SchurFktl1/Help/KostkaPC MI11.mws
read file C:\Maplell/P11/SchurFktll/Help/KostkaTable M1l.mws...
inserting topic SchurFkt,KostkaTable from the file:
C:\Maplel 1/P11/SchurFktl1/Help/KostkaTable M11.mws
read file C:\Maplell/P11/SchurFktll/Help/LaplaceM Mll.mws...
inserting topic SchurFkt,LaplaceM from the file:

C:\Maplel 1/P11/SchurFktl1/Help/LaplaceM M11.mws

read file C:\Maplell/P11/SchurFktll/Help/LaplaceM mon Mll.mws...

inserting topic SchurFkt,LaplaceM mon from the file:

C:\Maplel 1/P11/SchurFktl11/Help/LaplaceM mon_M11.mws

read file C:\Maplell/P11l/SchurFktll/Help/LaplaceTable Mll.mws...

inserting topic SchurFkt,LaplaceTable from the file:
C:\Maplel 1/P11/SchurFktl1/Help/LaplaceTable M11.mws
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read file C:\Maplell/P11/SchurFktll/Help/MLIN M1l.mws...
inserting topic SchurFkt,MLIN from the file:

C:\Maplel 1/P11/SchurFktl1/Help/MLIN M1I1.mws

read file C:\Maplell/P11/SchurFktll/Help/mset2part M1l.mws...

inserting topic SchurFkt,mset2part from the file:

C:\Maplel 1/P11/SchurFkt11/Help/mset2part M11.mws
read file C:\Maplell/P11/SchurFktll/Help/MurNak2 M1l.mws...
inserting topic SchurFkt,MurNak2 from the file:
C:\Maplel 1/P11/SchurFktl1/Help/MurNak2 M11.mws
read file C:\Maplell/P11l/SchurFktll/Help/MurNak M1l.mws...
inserting topic SchurFkt,MurNak from the file:
C:\Maplel 1/P11/SchurFktl1/Help/MurNak M1 1.mws
read file C:\Maplell/P11/SchurFktll/Help/m to p M1l.mws...
inserting topic SchurFkt,m to p from the file:
C:\Maplel 1/P11/SchurFktl1/Help/m_to p MI11.mws
read file C:\Maplell/P11/SchurFktll/Help/outerE M1l .mws...
inserting topic SchurFkt,outerE from the file:
C:\Maplel 1/P11/SchurFkt11/Help/outerE_M11.mws
read file C:\Maplell/P11/SchurFktll/Help/outerH M1l .mws...
inserting topic SchurFkt,outerH from the file:
C:\Maplel 1/P11/SchurFktl 1/Help/outerH M11.mws
read file C:\Maplell/P11/SchurFktll/Help/outerM M1l .mws...
inserting topic SchurFkt,outerM from the file:
C:\Maplel 1/P11/SchurFktl1/Help/outerM M1 1.mws
read file C:\Maplell/P11/SchurFktll/Help/outerON Mll.mws. ..
inserting topic SchurFkt,outerON from the file:
C:\Maplel 1/P11/SchurFktl 1/Help/outerON M1 1.mws
read file C:\Maplell/P11l/SchurFktll/Help/outerP M1ll.mws...
inserting topic SchurFkt,outerP from the file:
C:\Maplel 1/P11/SchurFktl1/Help/outerP_M11.mws
read file C:\Maplell/P11l/SchurFktll/Help/outerS M1l.mws...
inserting topic SchurFkt,outerS from the file:
C:\Maplel 1/P11/SchurFktl 1/Help/outerS MI11.mws
read file C:\Maplell/P11/SchurFktll/Help/outer M1l.mws...
inserting topic SchurFkt,outer from the file:

C:\Maplel 1/P11/SchurFktl1/Help/outer M11.mws

read file C:\Maplell/P11/SchurFktll/Help/Overview Mll.mws...

inserting topic SchurFkt,Overview from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/Overview M11.mws

read file C:\Maplell/P11/SchurFktll/Help/part2Frob M1l.mws...

inserting topic SchurFkt,part2Frob from the file:
C:\Maplel 1/P11/SchurFktl1/Help/part2Frob M11.mws

read file C:\Maplell/P11l/SchurFktll/Help/part2mset M1l.mws...

inserting topic SchurFkt,part2mset from the file:

C:\Maplel 1/P11/SchurFktl1/Help/part2mset M11.mws
read file C:\Maplell/P11l/SchurFktll/Help/PartNM M1ll.mws...
inserting topic SchurFkt,PartNM from the file:

C:\Maplel 1/P11/SchurFktl1/Help/PartNM M1 1.mws
read file C:\Maplell/P11l/SchurFktll/Help/plethP M1l.mws...



sSuccess...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

Success...

Trying to

sSuccess...

Trying to

sSuccess...

inserting topic SchurFkt,plethP from the file:
C:\Maplel 1/P11/SchurFktl 1/Help/plethP M1 1.mws

read file C:\Maplell/P11/SchurFktll/Help/plethSnm M1l.mws...

inserting topic SchurFkt,plethSnm from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/plethSnm_M11.mws

read file C:\Maplell/P11/SchurFktll/Help/plethS M1l.mws...
inserting topic SchurFkt,plethS from the file:

C:\Maplel 1/P11/SchurFktl1/Help/plethS M11.mws

read file C:\Maplell/P11/SchurFktll/Help/p to m M1l.mws...
inserting topic SchurFkt,p to m from the file:

C:\Maplel 1/P11/SchurFktl1/Help/p _to m_MI1.mws

read file C:\Maplell/P11/SchurFktll/Help/p to s M1l.mws...

inserting topic SchurFkt,p to s from the file:

C:\Maplel 1/P11/SchurFktl1/Help/p to s MI1I1.mws

read file C:\Maplell/P11/SchurFktll/Help/ScalarP Mll.mws...

inserting topic SchurFkt,ScalarP from the file:

C:\Maplel 1/P11/SchurFktl1/Help/ScalarP_M11.mws

read file C:\Maplell/P11/SchurFktll/Help/Scalar M1l.mws...
inserting topic SchurFkt,Scalar from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/Scalar M11.mws

read file C:\Maplell/P11/SchurFktll/Help/sfktpolynom M11l.mws...

inserting topic SchurFkt, type,sfktpolynom from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/sfktpolynom M1 1.mws
read file C:\Maplell/P11/SchurFktll/Help/skew M1l.mws...
inserting topic SchurFkt,skew from the file:

C:\Maplel 1/P11/SchurFktl1/Help/skew MI1.mws

read file C:\Maplell/P11/SchurFktll/Help/sq coeff Mll.mws...

inserting topic SchurFkt,sqg coeff from the file:

C:\Maplel 1/P11/SchurFktl1/Help/sq coeff MI11.mws
read file C:\Maplell/P11/SchurFktll/Help/s to h Mll.mws...
inserting topic SchurFkt,s to h from the file:

C:\Maplel 1/P11/SchurFktl1/Help/s to h MI11.mws
read file C:\Maplell/P11/SchurFktll/Help/s to p Mll.mws...
inserting topic SchurFkt,s to p from the file:

C:\Maplel 1/P11/SchurFktl1/Help/s to p MI11.mws
read file C:\Maplell/P11/SchurFktll/Help/s to x Mll.mws...
inserting topic SchurFkt,s to x from the file:

C:\Maplel 1/P11/SchurFktl1/Help/s to x MI1.mws

read file C:\Maplell/P11/SchurFktll/Help/truncWT M1l.mws...

inserting topic SchurFkt,truncWT from the file:

C:\Maplel 1/P11/SchurFktl 1/Help/truncWT MI11.mws
read file C:\Maplell/P11/SchurFktll/Help/x to s Mll.mws...
inserting topic SchurFkt,x to s from the file:

C:\Maplel 1/P11/SchurFktl1/Help/x to s MII.mws
read file C:\Maplell/P11/SchurFktll/Help/zee Mll.mws...
inserting topic SchurFkt,zee from the file:

C:\Maplel 1/P11/SchurFktl1/Help/zee M11.mws
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Finished inserting 66 file topics into the HDB and Browser
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[ > #?SchurFkt

[ >

>

" Inserting help pages for SINGULARPLURALIink:

| > HDB_LIB PATH:=convert(libname[l], name) ;
HELP_FILE_PATH:=\C:\\Maplell/Pll/SINGULARPLURALlinkll/Help/\;
BROWSER PATH:="Mathematics/Algebra/’;

ModuleName := SINGULARPLURALlink ;
Parent = SINGULARPLURALlink ,Examples ;
GrandParent :="Algebra’;

MapleVersion:="M11";

EEEE I E SIS LR S L L L
##1list of types defined in the module

HHHHHHAHH SRR H AR H AR FF SRR AR H RS H S
typesLIST:=[];

FHE
##l1list of types converts defined in the module

HHHHRARR AR HHER AR BB H AR RS R R R R R

convertsLIST:=[];

HDB LIB PATH = C:\Maplel 1/Cliffordlib
HELP FILE PATH = C:\Maplel1/P11/SINGULARPLURALIinkl1/Help/
BROWSER PATH = Mathematics/Algebra/
ModuleName := SINGULARPLURALIink
Parent := SINGULARPLURALIlink, Examples
GrandParent = Algebra
MapleVersion :="MI11"
typesLIST :=[ ]

L convertsLIST .= [ ]
| Step 1: Generating an automatic list from help page files:

| > Lauto:=makeLIST (ModuleName, Parent,GrandParent,HELP FILE PATH,Maple
Version) ;

Lauto = [[ SINGULARPLURALIlink, Examples, Algebra,
[ "SINGULARPLURALIink,Examples", "Examples" ] ] ]

>
| Step 2: Modifying, if needed, certain entries in Lauto list:
> #modsLIST:=[
#[ Octonion,omul ", ["Octonion,omul"”,"omul","&o","octonion", "Octonio



n"]]
L #]1:
[ > #for mem in modsLIST do
# Lauto:=modifyLIST (Lauto, op (mem))
#end do:
Lauto;

[ [SINGULARPLURALIlink,Examples, Algebra,

[ "SINGULARPLURALIink,Examples", "Examples" ] ] ]

>

| Step 3: Inserting all help pages into HDB and the browser using the last modified list:
| > insert_helppages (Lauto,MapleVersion) ;

Trying to read file C:\Maplell/P11/SINGULARPLURALlinkll/Help/Examples M1l.mws...
Success... inserting topic SINGULARPLURALlink,Examples from the file:

C:\Maplel 1/P11/SINGULARPLURALIinkl 1/Help/Examples M11.mws

kA kkhkkhkkhkhkhkk khkhkkhkkhkhkhkkxhhkkhkkkk

Finished inserting 1 file topics into the HDB and Browser
khkkhkhkkhkkhkhkkhkhkhkk Ak kA hkhkhkhkkkh*k

E > #?SINGULARPLURALlink
[ >
" Inserting help pages for SP:

> HDB LIB PATH:=convert(libname[l],6 name) ;
HELP FILE PATH:="C:\\Maplell/P11/SPl1l/Help/ ;
BROWSER PATH:="Mathematics/Algebra/’;

ModuleName :='SP ;
Parent ="SP,SPversion’;
GrandParent :="Algebra;

MapleVersion:="M11";

E IS E IR EEE L L L
##1list of types defined in the module
HHHHHHAAH SRR HARH AR RRF AR R AR H RS H A
typesLIST:=[];

EEEE I E IS EEE L L L
##1list of types converts defined in the module
E IS E IR LR S L L L

convertsLIST:=[];

HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH := C:\Maplel1/P11/SP11/Help/
BROWSER _PATH = Mathematics/Algebra/

Remember table of SymmetricGroup has been read and assigned
Remember table of AlternatingGroup has been read and assigned
Remember table of Reynolds has been read and assigned
Remember table of FiniteGroups has been read and assigned




Remember table of generateGinvariants has been read and assigned
ModuleName = SP
Parent := SP,SPversion
GrandParent := Algebra
MapleVersion :="M11"
typesLIST .= |

L convertsLIST :=[ ]
| Step 1: Generating an automatic list from help page files:

Version) ;
Lauto := [ [ SP,AlternatingGroup, SP,SPversion, [ "SP,AlternatingGroup", "AlternatingGroup" ] ],
[ SP,Dummy, SP,SPversion, [ "SP,Dummy", "Dummy" | ],
[ SP,FiniteGroups, SP,SPversion, [ "SP,FiniteGroups", "FiniteGroups" ]|,

nn

[ SP,generateGinvariants, SP,SPversion, | "SP,generateGinvariants", "generateGinvariants" | |,

nn

[ SP,gpolynom, SP,SPversion, [ "SP,gpolynom", "gpolynom"]],

[ SP,hpolynom, SP,SPversion, [ "SP,hpolynom", "hpolynom"]],

[ SP,isContained, SP,SPversion, [ "SP,isContained", "isContained" ] ],

[ SP,isGinvariant, SP,SPversion, [ "SP,isGinvariant", "isGinvariant" ] ],

[ SP,isSymmetric, SP,SPversion, [ "SP,isSymmetric", "isSymmetric" ] ],

[ SP,MatrixAction, SP,SPversion, [ "SP,MatrixAction", "MatrixAction" ] ],

[ SP,powersum, SP,SPversion, [ "SP,powersum", "powersum" | |,

[ SP,reduceGinvariants, SP,SPversion, [ "SP,reduceGinvariants", "reduceGinvariants" | ],
[ SP,Reynolds, SP,SPversion, [ "SP,Reynolds", "Reynolds"]],

[ SP,Sigma, SP,SPversion, [ "SP,Sigma", "Sigma"]],

[ SP,SPversion, Algebra, [ "SP,SPversion", "SPversion" ] ],

[ SP,SymmetricGroup, SP,SPversion, [ "SP,SymmetricGroup", "SymmetricGroup"]],

[ SP,Syzygyldeal, SP,SPversion, [ "SP,Syzygyldeal", "Syzygyldeal"]]]

>
| Step 2: Modifying, if needed, certain entries in Lauto list:
[ > #modsLIST:=[

nll] ]

L #]1:
[ > #for mem in modsLIST do
# Lauto:=modifyLIST (Lauto, op (mem))

#end do:

| > Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple

[ SP,sigma_to _powersum, SP,SPversion, [ "SP,sigma_to powersum", "sigma to powersum" ]|,

#[ Octonion,omul’, ["Octonion,omul"”,"omul","&o","octonion", "Octonio



Lauto;
[ [ SP,AlternatingGroup, SP,SPversion, [ "SP,AlternatingGroup", "AlternatingGroup" ] ],
[ SP,Dummy, SP,SPversion, [ "SP,Dummy", "Dummy" ]|,
[ SP,FiniteGroups, SP,SPversion, [ "SP,FiniteGroups", "FiniteGroups" ] ],

nn

[ SP,generateGinvariants, SP,SPversion, [ "SP,generateGinvariants",
gpolynom"]],
[ SP,hpolynom, SP,SPversion, [ "SP,hpolynom", "hpolynom"] ],
[ SP,isContained, SP,SPversion, [ "SP,isContained", "isContained" ] ],

[ SP,isGinvariant, SP,SPversion, [ "SP,isGinvariant", "isGinvariant" ] ],

generateGinvariants" | |,

nn

[ SP,gpolynom, SP,SPversion, [ "SP,gpolynom",

nn

[ SP,isSymmetric, SP,SPversion, [ "SP,isSymmetric",
[ SP,MatrixAction, SP,SPversion, [ "SP,MatrixAction", "MatrixAction" ] ],

[ SP,powersum, SP,SPversion, [ "SP,powersum",

1sSymmetric" ] ],

powersum" | |,
[ SP,reduceGinvariants, SP,SPversion, [ "SP,reduceGinvariants", "
[ SP,Reynolds, SP,SPversion, [ "SP,Reynolds", "Reynolds" ] ],

[ SP,Sigma, SP,SPversion, [ "SP,Sigma", "Sigma" ] ],

[ SP,sigma_to_powersum, SP,SPversion, [ "SP,sigma_to_powersum", "
[ SP,SPversion, Algebra, [ "SP,SPversion", "SPversion" ]],

[ SP,SymmetricGroup, SP,SPversion, [ "SP,SymmetricGroup", "

[ SP,Syzygyldeal, SP,SPversion, [ "SP,Syzygyldeal", "Syzygyldeal"] ] ]

reduceGinvariants" ] |,

sigma_to_powersum" ] ],

SymmetricGroup"]],

>
| Step 3: Inserting all help pages into HDB and the browser using the last modified list:

| > insert_helppages (Lauto,MapleVersion) ;
Trying to read file C:\Maplell/P11/SP11/Help/AlternatingGroup Mll.mws...

Success... inserting topic SP,AlternatingGroup from the file:
C:\Maplel 1/P11/SP11/Help/AlternatingGroup M1 1.mws
Trying to read file C:\Maplell/P11/SP11/Help/Dummy M1l.mws...
Success... inserting topic SP,Dummy from the file:
C:\Maplel 1/P11/SP11/Help/Dummy M11.mws
Trying to read file C:\Maplell/P11/SPl1/Help/FiniteGroups Mll.mws...
Success... inserting topic SP,FiniteGroups from the file:
C:\Maplel 1/P11/SP11/Help/FiniteGroups M11.mws
Trying to read file C:\Maplell/P11/SPl1/Help/generateGinvariants Mll.mws...
Success... inserting topic SP,generateGinvariants from the file:
C:\Maplel 1/P11/SP11/Help/generateGinvariants M11.mws
Trying to read file C:\Maplell/P11/SP11/Help/gpolynom M1l.mws. ..
Success... inserting topic SP,gpolynom from the file:
C:\Maplel 1/P11/SP11/Help/gpolynom M1 1.mws
Trying to read file C:\Maplell/P11/SP11/Help/hpolynom M1l.mws...
Success... inserting topic SP,hpolynom from the file:
C:\Maplel 1/P11/SP11/Help/hpolynom M11.mws
Trying to read file C:\Maplell/P11/SP11/Help/isContained Mll.mws...
Success... inserting topic SP,isContained from the file:



C:\Maplel 1/P11/SP11/Help/isContained M11.mws
Trying to read file C:\Maplell/P11/SP11/Help/isGinvariant M1l.mws...
Success... inserting topic SP,isGinvariant from the file:

C:\Maplel 1/P11/SP11/Help/isGinvariant M11.mws
Trying to read file C:\Maplell/P11/SP1l1/Help/isSymmetric M1l.mws...
Success... inserting topic SP,isSymmetric from the file:

C:\Maplel 1/P11/SP11/Help/isSymmetric M11.mws
Trying to read file C:\Maplell/P11/SPl1l/Help/MatrixAction Mll.mws...
Success... inserting topic SP,MatrixAction from the file:

C:\Maplel 1/P11/SP11/Help/MatrixAction M11.mws
Trying to read file C:\Maplell/P11/SPl1l/Help/powersum Mll.mws...
Success... inserting topic SP,powersum from the file:

C:\Maplel 1/P11/SP11/Help/powersum_M]I1.mws
Trying to read file C:\Maplell/P11/SP11/Help/reduceGinvariants M1l.mws...
Success... inserting topic SP,reduceGinvariants from the file:

C:\Maplel 1/P11/SP11/Help/reduceGinvariants M1 1.mws
Trying to read file C:\Maplell/P11/SP11/Help/Reynolds M1l.mws...
Success... inserting topic SP,Reynolds from the file:

C:\Maplel 1/P11/SP11/Help/Reynolds MI11.mws
Trying to read file C:\Maplell/P11/SP11/Help/Sigma M1l.mws...
Success... inserting topic SP,Sigma from the file:
C:\Maplel 1/P11/SP11/Help/Sigma_M11.mws
Trying to read file C:\Maplell/P11/SPl1/Help/sigma_to powersum Mll.mws...
Success... inserting topic SP,sigma_ to powersum from the file:
C:\Maplel 1/P11/SP11/Help/sigma_to _powersum_ MI1.mws
Trying to read file C:\Maplell/P11/SP11/Help/SPversion Mll.mws...
Success... inserting topic SP,SPversion from the file:
C:\Maplel 1/P11/SP11/Help/SPversion_M11.mws
Trying to read file C:\Maplell/P11/SP1l1/Help/SymmetricGroup Mll.mws...
Success... inserting topic SP,SymmetricGroup from the file:
C:\Maplel 1/P11/SP11/Help/SymmetricGroup MI11.mws
Trying to read file C:\Maplell/P11/SP11/Help/Syzygyldeal Mll.mws...
Success... inserting topic SP,SyzygyIdeal from the file:
C:\Maplel 1/P11/SP11/Help/Syzygyldeal MI1.mws
khkkAkhkkhk Ak hk kA Ak Ak khkhkhkxk*k

Finished inserting 18 file topics into the HDB and Browser
KhkkAk kA khkkhkhkkhkAkhkkhk Ak Ak kA khkhkhkkk*k

[ > #7SP

>

[ >

" Inserting help pages for code_support:

> HDB _LIB PATH:=convert(libname[l],6 name) ;
HELP FILE PATH:="C:\\Maplell/Pll/Code_ supportll/Help/";
BROWSER PATH:="Mathematics/Algebra/’;
ModuleName ‘code_support’;
Parent "code_support,code_support’;




GrandParent :="Clifford,intro’;
MapleVersion:="M11";

typesLIST =[],
convertsLIST:=[];

HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH = C:\Maplel1/P11/Code_supportl 1/Help/

BROWSER PATH := Mathematics/Algebra/

ModuleName := code_support
Parent := code_support,code_support
GrandParent = Clifford,intro
MapleVersion :="M11"
typesLIST = |

L convertsLIST :=[ ]
| Step 1: Generating an automatic list from help page files:

] > Lauto:=makeLIST (ModuleName, Parent,GrandParent, HELP FILE PATH,Maple
Version) ;
Lauto = [
[ code support,code support, Clifford,intro, [ "code support,code support", "code support" ]],
[ code support,examples, code support,code_support, [ "code support,examples", "examples" | ],
[ code support, INSERT HELPPAGES, code_support,code_support,

["code_support,INSERT HELPPAGES", "INSERT HELPPAGES"]]]

[ >
| Step 2: Modifying, if needed, certain entries in Lauto list:
[ > #modsLIST:=[
#[ Octonion,omul’, ["Octonion,omul"”,"omul","&o","octonion", "Octonio

nll] ]

#1:
[ > #for mem in modsLIST do
# Lauto:=modifyLIST (Lauto, op (mem))
#end do:
Lauto;

[ [ code_support,code support, Clifford,intro, [ "code support,code support", "code support"]],
[ code support,examples, code support,code support, [ "code_support,examples", "examples" ] ],
[code support, INSERT HELPPAGES, code support,code support,

["code_support,INSERT HELPPAGES", "INSERT HELPPAGES"]]]

>
[



| Step 3: Inserting all help pages into HDB and the browser using the last modified list:

| > insert_helppages (Lauto,MapleVersion) ;
Trying to read file C:\Maplell/P1l1l/Code supportll/Help/code support Mll.mws...
Success... inserting topic code support,code support from the file:

C:\Maplel 1/P11/Code_supportl 1/Help/code support M11.mws

Trying to read file C:\Maplell/P1l1l/Code supportll/Help/examples M1l.mws...
Success... inserting topic code support,examples from the file:

C:\Maplel 1/P11/Code_supportl 1/Help/examples M1 1.mws
Trying to read file C:\Maplell/P11l/Code supportll/Help/INSERT HELPPAGES MIll.mws...
Success... inserting topic code support, INSERT HELPPAGES from the file:

C:\Maplel 1/P11/Code_supportl 1/Help/INSERT HELPPAGES MI11.mws

KAk kKhkhkkhkkhkhkhkkikhkhkkhkkhkhkhkkhhhkkhkkkk

Finished inserting 3 file topics into the HDB and Browser
khkkhkhkkhkkhkhkkhkhkhkkhk kA Ak hkhkhkhkhkh*k

[ > ?code_support

>

[ > ##SHEREHHHHHHEEE R RRRBHHHHHI BB R R B R
(>

See Also: code_support, examples, code_support, code_support

(c) Copyright 2002-2008 by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: June 19, 2008, RA/BF



"code_support' for CLIFFORD, Bigebra, Octonion, GTP, Cliplus, Octonion in
Maple 11

"Copyright 1995-2008 by Rafal Ablamowicz (*) and Bertfried Fauser ($)

(*) Department of Mathematics, Box 5054
Tennessee Technological University, Cookeville, TN 38505
Tel: USA (931) 372-3569, fax: USA (931) 372-6353

E-mail: rablamowicz@tntech.edu
URL: http://math.tntech.edu/rafal/

($) Universit"at Konstanz, Fachbereich Physik, Fach M678
78457 Konstanz, Germany
E-mail: Bertfried.Fauser@uni-konstanz.de
URL: http://kaluza.physik.uni-konstanz.de/~fauser/

[ > restart:
with (code_support) ;

Module code cupport ver. 1.03 for CLIFFORD et al. for Maple 11
Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried Fauser. All rights reserved.
Last revised: March 10, 2007

[ NamesInLibrary, change helpfiles, change name, copy_file, get TEXT, get dir,

L insert_helppages, makeLIST, modifyLIST, replace_in_file, split ]

>

| This help page shows various commands and their code of the supplementary package "code support"
that can be used to manipulate help pages for various packages, for example, CLIFFORD.

This package enables one to:

- copy Maple worksheets from one directory to another and make certain string replacements using
change_helpfiles,

- change worksheet names using change name,

- copy files from one directory to another using copy _file,

- read a Maple worksheet as text using get TEXT,

- read and return names of Maple worksheets located in a specified directory using get_dir,

- take a list of file names with help topics and insert them automatically into Maple browser and HDB
database entries using insert_helppages,

- make an automatic list of data entries needed by insert_helppages using makeLIST,

- modify a list of data entries created by makeLIST using modifyLIST,

- replace certain strings in Maple worksheets using replace_in_file,




>

- split file names into a sequence of strings using split,

- convert directory names listed as symbols to strings using “convert/symbol_dir_to_string_dir’,
- convert back directory name from a string format to a symbol format using
“convert/string_dir_to_symbol dir’.

For examples how these commands can be used see examples of code_support.

Cookeville, June 19, 2008

HHHHHHHAHHHHHAHAHHHH G R RS HHHAHABH GRS R RS HHHAH B GR SRR HH#H
HHHHHAHAHAHAHHH#

### It is assumed that directories can be entered either as
strings:

### (a) In Windows: "C:\\Maplell\\Clifford\\Help 11 New\\"

### (b) In Linux:

"/home/fauser/BIG ALL/Pl11/Clifford/Help 11 New/"

###

### or as symbols:

### (c) In Windows: "D:\\Bigebra/Help Bigebra/"

### (d) In Linux: */home/fauser/BIG_ALL/Help Bigebra/"

HHHHRE AR AR HHF AR R R R R R R
Bt HER AR RS H R

restart:
code_support:=module ()
export
split,copy file,get dir,change name,replace_in file,change helpfil
es,get TEXT,
makeLIST,modifyLIST,insert helppages,NamesInLibrary;
local setup;
option package, load=setup:

HHHHHHARRARHHH R AR AR HHH RS

1. Procedure NamesInLibrary gives names of programs stored in the library specified as the
argument. It gives names as strings.

> NamesInlibrary:=proc(lib) local e,L;

FHEF

options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried

Fauser. All rights reserved.  ;

description "Last revised: March 10, 2007 ;

HHHHHHARH SRR EF AR H AR EF SRR F RS 3
L:=march('list',1lib):



for e in L do
if SearchText(":",e[l],1..1)=0 then print(e[l])
end if;
end do:
end proc:

>
2. Procedure split takes character pattern "pat" and splits a string into a sequence of substrings
remained after removing "pat" from the string. If the pattern does not match, the string is returned

back.

> split:=proc (pat,str)
local a_seq,al,x,pos,len,n;
HHHHHARHHHRRF R RH AR R BRRR SRR F AR H SRR 34
options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved.  ;
description "Last revised: March 10, 2007 ;

SRR 00000000 28 28 28 28 8 8 8 S8 8 48 S8 48 48 S8 S8 S8 S8 8 1 1
a_seq:=NULL;

al:=str;
len:=length(al) ;
pos:=1;

while (SearchText (pat,al,pos..len) <>0) do
n:=SearchText (pat,al,pos..len);
x:=substring(al,pos..n-1);
a seq:=a_seq,X;
al:=substring(al,n+length (pat) ..len);
len:=length(al) ;

od:

a_seq:=a_seq,al;

end:

3. Procedure copy_file copies a single file named 'in_file' and located in the directory 'path’ as another
file called 'out_file' to the same directory.

The path can be specified as a symbol, e.g., as "D:\\Bigebra/Help Bigebra/® or as a "string", e.g.,
"D:\\Bigebra\\Help Bigebra\\".

> copy_file:=proc(path::{string,symbol},in file::{string,symbol}, out
_file::{string,symbol})
local OUT,line,n lines,Text,pathl,in filel,out filel;
FHES
options “Copyright (c) 2002-2008 by Rafal Ablamowicz and
Bertfried Fauser. All rights reserved. *;
description "Last revised: March 10, 2007 ;



FHEFHARFHB AR RH B R F RS H SR 3
if type (path,symbol) then
pathl:=path;
else
pathl:=convert(path,string dir to_symbol dir);
end if;
HHEHHAHHHH AR F R R H AR R R AR H AR H B4
if type(in_file,symbol) then
in_fi1e1:=in_file;
else
in filel:=convert(in_file,name) ;
end if:
HHHHHAHHH B F R RH AR R ARG F AR F B34
if type(out file,symbol) then
out filel:=out file;
else
out filel:=convert(out file,name) ;
end if:
HHHHHARHH AR F R AR R R B R R R AR F AR H G4
n_lines:=0;
Text:=[];
OUT:=fopen (cat (pathl,out filel) ,WRITE, TEXT) ;
while true do
line:=readline (cat(pathl,in filel));
if line = 0 then break end if:
Text:=[op (Text) ,line];
writeline (OUT, line) ;
n lines:=n lines+l;
end do:
close (OUT) ;
printf("file %s containing %d lines has been copied as file %s in
the directory %s\n",in filel,n lines,out_ filel,pathl);
return;
end proc:

4. Procedure get_dir fetches the *.mws files from a directory given as an argument and returns file
names in a list of strings. Note that the directory can be specified as a "string", for example,
"C:\\Maple10\\P10\\test1\\", or as “symbol’, for example, "C:\\Maple10/P10/test1".

> get _dir:=proc(dir::{string,symbol})
local wc_line,out_list,dirl;
E SIS LIS LI EE LA
options “Copyright (c) 2002-2008 by Rafal Ablamowicz and



Bertfried Fauser. All rights reserved. ;
description ‘Last revised: March 10, 2007 ;
EEEE SIS ISR EE L L

if type(dir,symbol) then
dirl:=convert(dir,symbol dir to_string dir):
else
dirl:=dir:
end if;
E SIS SIS LR L
out_list:=ssystem(cat("dir ",dirl));
if out_list[1l] <> 0 then error "Could not read the directory" end
if:
HHEHHAAHH AR FH AR SRR H B H AR S H
wc_line:=proc(line::string)
local c¢,nw,out,List,item:
nw := 0;
out := true;
List:=[]:
item:="":
for ¢ in line do
if ec=" "9or ¢ = "\t" or ¢ = "\n" then
out := true;
if SearchText( .mws ,item)<>0 then
List:=[op(List) ,item];

end if:

item:="";
elif out then

out := false;

nw:=nw+1l;

item:=eval (cat(item,c));
else

item:=eval (cat(item,c));
end if:

end do:

if length(item) <> 0 and SearchText( .mws  ,item)<> 0 then
List:=[op(List) ,item];
end if:
return List
end proc:
iE s E I E A I IR T
return wc_line(out_list[2])
end proc:



5. Procedure change name changes a name of a file "filename" specified as a string by replacing a
substring "substrout" with a new substring "substrin". It returns the name of the new file as a string. If
the string "substrout" is not found in the "filename" then it is appended to the name of the file before
".mws" extension. Note that "substrout" could be an empty string "".

> change name:=proc(filename: :string,substrout::string,substrin::str
ing)
local N,fileext,filenamenew,n,nout,nb;
EE SRS IS BRI ES LS T LT
options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved.  ;
description "Last revised: March 10, 2007 ;

H#HHHHARRARHHFRARR BB HHFR AR BB HF R AR BB HHH AR RS H

N:=length (filename) ; ###length of the whole string
nout:=length (substrout) ; ###length of the string to be
removed

n:=SearchText (substrout,filename); ###location of the string to
be removed
#return n,nout,N;
if n+nout-1<N then
if n=0 then
fileext:=substring(filename,-4..-1):

filenamenew:=cat (substring(filename,1l.. (N-4)) ,substrin, fileext) ;
else
nb:=N- (n+nout-1) ;
fileext:=substring(filename,-nb..-1):

filenamenew:=cat (substring(filename,1l. .n-1) ,substrin,substring(fil
ename,n+nout. .N-nb) ,fileext) ;

end if;
elif n+nout-1=N then

filenamenew:=cat (substring(filename,1l. .n-1) ,substrin) ;

else
error "wrong string lengths"
end if;
return filenamenew;
end proc:

6. Procedure replace_in_file replaces strings specified in a list 'pat_list' with strings specified in a list
'rep_list' in a single file 'in_file' and writes a new file file 'out file'. File name needs to be of type
string, e.g., "adfmatrix.mws" with extensions while lists contain strings, for example, ["November
1","2002"], etc. Procedure replace permits lists of replacements to be empty. In that case, it just writes



a new file but no replacements are made. Note that "in_file" and "out_file" must contain full paths to
the in directory and to the out directory respectively.

> replace_in file:=proc(in_file::{string, name},

out_file::{string,name},
pat_list::list(string),
rep list::list(string))

local

N1,Np,OUT,i,j,pattern,replace string,pos,strl,str2,line,n repl, Tex

t,repflag;

EEEE SIS ISR E L L

options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried

Fauser. All rights reserved. *;

description "Last revised: March 10, 2007 ;

E SIS IS E LT E

if nops(pat_list) <> nops(rep list) then

error "Need two lists of equal length, or two blank lists if

no replacements are to be made!"

end if:

HHHHHARHH AR R H B R R ARG H R H SRR G4

if member ("",pat list) then

error "first list cannot contain an empty string"

end if;

FHEHHARHHH AR F R AR R R H AR SRR AR H SRR G4

if evalb(nops(pat_list)>0 and pat list<>rep list) then

n _repl:=[seq(0,i=1..nops(pat_list))];
repflag:=true;

else
n_repl:=[];
repflag:=false;
end if;

e ER B BB I ST T
##Reading file in first
I E BRI E R RS LT
Text:=[];
while true do
line:=readline( in_file’);
if line = 0 then break end if:
Text:=[op (Text) ,line];
end do:
I E AR R EE LT
##Make replacements if needed:

Ha



if repflag then
for i from 1 to nops(Text)-1 do
for j from 1 to nops(pat_list) do
pattern:=pat_ list[]]’
replace_string:=rep list[]]’;
if not evalb(pattern=replace_string) then
Np:=length (pattern) ;
if abs(Np - length(replace_string)) > 5 then
error "Strings %1 and %2 ought to be of the same
length or within 5 characters", pattern,replace_string
end if:
while true do
N1l:=length (Text[i]) ;
line:=cat(Text[i] , Text[i+1])
pos:=SearchText (pattern,line,l..length(line));
#
if pos = 0 then break end if:
#
n_repl:=subsop(j=n_repl[j]+1l,n_repl);
strl:=1line[l. .pos-1];
if post+Np <= length(line) then
str2:=line[pos+Np..-1];
else
str2:="";
end if:
line:=cat(strl,replace_string,str2);
Text:=subsop (i=line[l..N1],Text) ;
Text:=subsop (i+1l=1line[N1+1..-1],Text) ;
end do:
end if;
end do:
end do:
end if;
FHEH RS RRHE
##Write new file with or without replacements:
HHAHHHHH BB
OUT:=fopen (out_file,WRITE, TEXT) ;
for i from 1 to nops(Text) do
writeline (OUT,Text[i]) ;
end do:
close (OUT) ;
return n_repl;
end proc:



7. Procedure change_helpfiles automatically copies all Maple help pages *.mws from "dir_in"
specified as string, for example, "C:\\Maple10\\P10\\test1\\", to a different directory "dir out" also
specified as a string, for example, "C:\\Maple10\\P10\\test2\\". It can replace string patterns specified
as a list 'pat_list' of strings with strings listed in a list 'rep_list'. Both lists must be of equal length, or
they can be empty. If the lists are empty, no replacements are made. This procedure uses optional 5th
and 6th argument, each of type "string". When used, the substring specified as the 5th argument in the
name of the file currently processed is replaced with string entered as the last 6th argument. This way,
replacements can be made at the same time that the file names are changed.

> change helpfiles:=proc(dir_in::{string,name},
dir out::{string,name},
pat_list::list({string,name}),
rep list::list({string,name}))
local
dirl,dir2,N,dir list,fileold,filenew,changenameflag,makerepflag, fi
le:
HHHHHARHH AR F R R H B R R R SRR H RS H R34
options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved.  ;
description "Last revised: March 10, 2007 ;
E SIS SIS E LT E
dirl,dir2:=dir in,dir out;
HHHHHHAAH AR F SRR F SRR
if nops(pat_list)<>nops(rep_ list) then
error "pattern and replacement lists must be of equal length"
end if;
EEEEE AL ISR EE L L L
if nops(pat_list)>0 then makerepflag:=true else makerepflag:=false
end if:
HHHHHHAAH B R RHF AR F B R F SRR H SR
changenameflag:=false:
if nargs=6 then
if not type(args[5],string) or not type(args[6],string) then
error "arguments 5 and 6, when used, must be strings,
e.g., %1 and %2","_M5"," Mé"
end if;
changenameflag:=true:
end if:
HHHHHHHHH A H AR SRR H RS
dir list:=get dir(dirl);
HHHHHHARH SRR H SRR EF SRS

for file in dir_ 1list do



fileold:=file:
if changenameflag then
filenew:=change_ name (fileold,args[5],args[6])
else filenew:=file

end if;
N:=replace_in file(cat(dirl,fileold) , cat(dir2,filenew) , pat list,re
p_list):
makerepflag:=evalb(pat_ list<>rep list):
if makerepflag and changenameflag then

printf ("processing file %s renamed as %s with replacement(s):
%a\n",fileold, filenew, N)
elif makerepflag and not changenameflag then

printf ("processing file %s without renaming but with
replacement(s): %a\n",fileold,N);
elif not makerepflag and changenameflag then

printf ("processing file %s renamed as %s without
replacements\n", fileold, filenew)
else
printf ("processing file %s without renaming and without
replacements - just copying\n",fileold, filenew)
end if;
end do:
Printf ("Hxkkkkkkkkkkkkkkkkkkkk*kk\n") ;
printf ("finished processing %d files\n",nops(dir_ list));
Printf ("xkkkkkkkkkkkkkkkkkkkkkk\n") ;
NULL
end proc:

8. Procedure get TEXT reads a file "FILE" and puts it into a TEXT(linel,line2,...) format needed by
INTERFACE HELP.

> get TEXT:=proc (FILE)
local textobject,line;
FHEF
options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved.  ;
description "Last revised: March 10, 2007 ;
SIS SIS EEE LS A
textobject := NULL;
line := readline (FILE);
while line <> 0 do
if length(line) <= 10 then
line := " ||line]||"



fi;
textobject := textobject, line:

line := readline (FILE) :
od;
textobject := TEXT (textobject):

end:

9. Procedure makeLLIST makes a list of data entries needed by insert_helppages to insert help pages
into the HDB and the browser. In particular, it automatically creates a list of aliases that later can be
modified by the procedure modifyLIST. It takes four arguments:

modulename - name of the module as a “symbol’

parent - the name of the Parent as a “symbol’

grandparent - the name of the GrandParent as “symbol

LDIR - it is either a list of strings with topic entries such as, for example, ["&cco","&cco_d"], or a
directory where *. M8.mws files are stored

version - it is a string that gives the current version of Maple, e.g., "M10". It is expected that the file
names *. M10.mws will contain the same string. If not, error message is returned and the process is
stopped

> makeLIST:=proc (modname: : {symbol , name},
parent: : {symbol,h name},
grandparent: : {symbol, name},
LDIR::{list(string) ,name,string},
version: :string)
local
modulename,mainmodulepage,i,N,L,datastring,dataentry, Toplevel, stri
nglist,mem;
global typesLIST,convertsLIST;
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options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved.  ;
description "Last revised: March 10, 2007 ;
FHE
if not assigned(typesLIST) then error '"global variable " typesLIST"
has not been assigned a list" end if;
if not assigned (convertsLIST) then error "global variable
"convertsLIST has not been assigned a list" end if;
if nops (typesLIST)>0 then
if not type (typesLIST,list(string)) then
error "global list “typesLIST must be either empty or it
must contain strings"
end if



end if;
if nops(convertsLIST)>0 then
if not type(convertsLIST,list(string)) then
error "global list “convertsLIST must be either empty or it
must contain strings"
end if
end if;
FHESHHHHGH AR AR HH
if type (LDIR, {name,string}) then
stringlist:=get_dir (LDIR) ;
$HEF
for datastring in stringlist do
if evalb (SearchText (version,datastring)=0) then
error "filename %1 in the directory %2 does not match
Maple version %3 - process is
aborted!!!" ,datastring,LDIR,version;
end if;
end do:

HHAHH GRS RS H S SR SRS RS RH SRS H R SRS
stringlist:=map (change name,stringlist,cat("_",version,".mws") 6 "")

HHHHHHFHF S H A F A H S
###########modify by adding "type"
if nops (typesLIST)>0 then
for i from 1 to nops(stringlist) do
mem:=stringlist[i]:
if member (mem, typesLIST) then

stringlist:=subsop (i=cat("type","," ,mem) , stringlist) ;
end if;
end do;
end if;
###########modify by adding "convert"
if nops (convertsLIST)>0 then
for i from 1 to nops(stringlist) do
mem:=stringlist[i]:
if member (mem,convertsLIST) then

stringlist:=subsop (i=cat("convert","," ,mem) ,h stringlist) ;
end if;
end do;
end if;



FHEFHHH R AR
else

stringlist:=LDIR;
end if:
$HEF
modulename ,mainmodulepage:=split( , ,Parent);
modulename : =modname;
HHERHHHH BB ARG AR ARG
L:=[]:
for datastring in stringlist do

if convert(datastring,name)=mainmodulepage then

Toplevel :=grandparent

else
Toplevel :=parent
end if;
dataentry:=convert (datastring,name) ;
L:=[op (L), [cat (modulename, ", " ,convert (dataentry,name)),
Toplevel,
[cat (convert (modulename,string) ,",",datastring) ,datastring]]]
end do;

return L;

end proc:
10. Procedure modifyLIST can be used to replace "aliases" that are automatically generated by the
procedure makeLIST for each help topic to be inserted into the browser. In the data entry for each
help topic, the third entry is a list of aliases ["alias1","alias2",...]. This list is then replaced with the
third argument of type 'list(string)' to modifyLIST and the procedure returns a new complete list. The
original list remains unchanged.

> modifyLIST:=proc(Lp::listlist,topic: :symbol, newaliases::list(strin

g))
local item, flag,i,newentryp,L,newitem;

FHEFH

options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried

Fauser. All rights reserved.  ;

description "Last revised: March 10, 2007 ;

HHHHHHARH SRR H AR H AR B RF SRR H RS 3

L:=Lp:

flag:=false:

for i from 1 to nops(L) while not flag do
flag:=evalb(op(1l,L[i])=topic)

end do;

if flag=false then



error "topic %1 has not been found in the entered list", topic;
end if;
newitem:=subsop (3=newaliases,L[i-1]);
return subsop(i-l=newitem,L) ;
end proc:

11. Procedure insert_help pages takes a list of file names with help topics and inserts them into
Maple browser and HDB Database entries.

e This procedure puts the below listed help pages into a maple.hdb help-page-database. These are the
official help pages for the CLIFFORD, Bigebra, Cliplus, GTP, Octonion modules. It uses the
following global path names:

e HDB LIB PATH : The path to a directory in the Maple search path (not the path of the Maple.hdb
database in .../lib This pathname is here taken from libname, and has to be added to libname in any
case to be able to use the help pages.

e HELP FILE PATH : The location of the help pages.

e BROWSER PATH: The location in the Maple Help Page Browser at which the Package should be
'mounted'.

e Parent: The Package name or any help topic

e GrandParent: The Clifford package, (location in the Help Browser)

> insert helppages:=proc (LIST)
local Text,delim,x,1lst,name, topic,browser path,File, MODULE;
global HDB LIB PATH, HELP FILE PATH, BROWSER PATH;
HHAHHHHAHAR G H ARG H AR SRR RS R G H AR SRS
options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved.  ;
description "Last revised: March 10, 2007 ;
HHAHHHHAHAR G H ARG H RSB SR GRS ARG SRS
for x in LIST do
#printf ("Inserting topic %s and reading file:" ,x[1]);
if (SearchText( '/ ,x[1],1l..length(x[1])) <> 0 ) then
1st:=[split (/" ,x[1]1)1];
name :=1lst[-1..-1];
topic := " ;
delim := " °;
while(1st <> []) do
topic := cat(topic,cat(delim,1st[1]));
lst:=1st[2..-1];



delim:=", °;
od;
browser path:=cat (BROWSER PATH,x[1]) ;
elif (SearchText( , ,x[1],1..length(x[1])) <> 0 ) then
1st:=[split (", ,x[1]1)];
name :=1lst[-1..-1];

topic:=x[1];
browser path:=BROWSER PATH;
delim:="";

while(1st <> []) do
browser path:=cat(browser path,cat(delim,1lst[1]));
lst:=1st[2..-1];

delim:="/";
od;
else
topic:=x[1];

name :=x[1];
browser path:=cat (BROWSER_ PATH, topic) ;
fi;
name : =op (name) ;
HHHHHHHHH A H A H AR
if nargs=1 then
File:=cat (HELP_FILE PATH,cat(name,".mws")):
elif nargs=2 then
if not type(args[2],string) then
error "second optional argument must be a string giving
Maple version included in file names, e.g. %1","Mé6"

else
File:=cat (HELP_FILE PATH,cat(name," ",args[2],".mws")):
end if;

end if;

RIS SRR IS LI EE L

###HELP FILE = cat (HELP_FILE PATH,cat(name,".mws")),

EEE B E S S EE AL E IS EEEE LSRR LS L
MODULE[x[1]] :=table( [

NAME = name,
PARENT = x[2],
TOPIC = topic,
HELP FILE = File,
ALIASES= x[3],
ACTIVE = “true’,

BROWSER_LOC = browser_ path,
LIB = HDB_LIB PATH



1);
##
## get TEXT
printf ("Trying to read file %s...\n",File); ###for testing
Text:=get_ TEXT(File) ;
##
## put into DB
HHHAHHAHH SR HHAF AR H AR B AR B AR H SRR R R H SRR
printf ("Success... inserting topic %s from the file:",x[1]);
print (MODULE[x[1]] [HELP_FILE]);
print (INTERFACE HELP('insert',6 'topic'=topic, 'text'=Text, helpfile=H
DB LIB PATH, 'aliases'=x[3], 'active'=false) );
print (INTERFACE HELP('insert', 'topic'=topic, 'browser'=browser path
,helpfile=HDB LIB PATH) );
od:
Printf ("Hxkkkkkkkkkkkkkkkkkkkkkk\n") ;
printf ("Finished inserting %d file topics into the HDB and
Browser\n" ,nops (LIST)) ;
Printf ("xkkkkkkkkkkkkkkkkkkkkkk\n") ;

NULL
end:

1. Procedure setup for the module code_support defines two conversion functions that convert
directory names from "string" form to ‘'name’ (or ‘symbol") form, and vice versa.

> setup:=proc()
global
‘convert/string dir to symbol dir’, ‘convert/symbol dir to string d
ir’;
HHEHHARHHB AR HH AR RH B AR H AR AR H BB H B4 4
options "Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved.  ;
description "Last revised: March 10, 2007 ;
dE B E IR EE L L
‘convert/symbol dir to string dir :=proc(dir::{symbol,string})
local T,i,dirl,linuxflag;
if type(dir,string) then return dir end if;
linuxflag:=evalb (SearchText (" \\ ,dir)=0);
if linuxflag then return convert(dir,string) end if;
T:=remove (member, [split("/",convert(dir,string))],{""});
dirl:=cat(T[1],"\\"):
if nops(T) >1 then



for i from 2 to nops(T) do dirl:=cat(dirl,T[i],"\\") end
do:
end if;
return dirl;
end proc:
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‘convert/string dir to symbol dir’ :=proc(dir::{symbol,string})
local T,i,dirl,linuxflag;
if type(dir,symbol) then return dir end if;
linuxflag:=evalb (SearchText (" \\ ,dir)=0);
if linuxflag then return convert(dir,symbol) end if;
T:=remove (member, [split ("\\", convert (dir,string))],{""})
dirl:=cat(T[1],"\\",T[2],"\\"):
if nops(T)>2 then
for i from 3 to nops(T) do dirl:=cat(dirl,T[i],"/") end do:
end if;
return convert(dirl,name);
end proc:
HHHHHARHH AR F R AR R R B R R R AR F AR H G4
print (" )
print( Module code cupport ver. 1.03 for CLIFFORD et al. for Maple
117);
print ( Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried
Fauser. All rights reserved. ') ;
print( Last revised: March 10, 20077);
print( ")
E S BB IEEIEEEIEEEEEEEEE L L L

end proc:

end module:
savelib (code_ support) ;

Module code_cupport ver. 1.03 for CLIFFORD et al. for Maple 11
Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried Fauser. All rights reserved.
Last revised: March 10, 2007

> restart:with(code_support) ;

Module code cupport ver. 1.03 for CLIFFORD et al. for Maple 11
Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried Fauser. All rights reserved.
Last revised: March 10, 2007



[ NamesInLibrary, change helpfiles, change name, copy file, get TEXT, get dir,
L insert_helppages, makeLIST, modifyLIST, replace in_file, split |
> NamesInlibrary (libname[1l]) ;
"matrealL.m"
"Clifford.m"
" AlternatingGroup rem_table.m"
" SymmetricGroup rem_table.m"
"Define.m"
"SINGULARPLURALIlink.m"
"GTP.m"

" implicitbezierpolynomial.m"
"Bigebra.m"
"matquatL.m"

" Reynolds rem_table.m"
"Cliplus.m"
"SchurFkt.m"

" FiniteGroups rem_table.m"

" generateGinvariants_rem_table.m"
"SP.m"
"matcompR.m"

"TNB.m"

"code support.m"

"matrealR.m"
"RJgrobner.m"
"Octonion.m"
"matcompL.m"
"GfG.m"

"matquatR.m"

(>
(>

See Also: code_support, examples

(c) Copyright 2002-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: June 19, 2008, RA/BF.



L‘J Function: code support-NAME where NAME is one of the following: change helpfiles,
change name, copy file, get TEXT, get dir, insert helppages, makeLIST, modifyLIST,
replace in_file, split

Calling Sequence:

See examples below

Parameters:

See examples below

H Description:

e code support is a package that provides various functions to copy, rename, modify, save, etc.
Maple help worksheets.

e Examples below can be of course re-executed on one's own machine provided that directories and
files used in these examples exist on a local system.

Examples:

| > restart:with(code_ support) ;

Module code cupport ver. 1.03 for CLIFFORD et al. for Maple 11
Copyright (c) 2002-2008 by Rafal Ablamowicz and Bertfried Fauser. All rights reserved.
Last revised: March 10, 2007

[ NamesInLibrary, change_helpfiles, change name, copy file, get TEXT, get dir,
L insert_helppages, makeLIST, modifyLIST, replace_in_file, split ]
[ > DIR1:="D:\\Bigebra/Help Bigebra/ ; ### Directory specified as a
symbol in Windows
DIR2:="C:\\Maplell\\Clifford\\Help 11 New\\"; ###Directory
specified as a string in Windows
DIR3:="/home/Bigebra/Help Bigebra/ ; ### Directory specified as a
symbol in Linux
DIR4:="/home/Bigebra/Help Bigebra/"; ###Directory specified as a
string in Linux

DIRI := D:\Bigebra/Help Bigebra/

DIR?2 :="C:\Maplel 1\Clifford\Help 11 New\"
DIR3 = /home/Bigebra/Help Bigebra/

DIR4 :="/home/Bigebra/Help Bigebra/"




| Example 1: Procedure split removes a string specified as the first argument from another string
| specified as the second argument:
| > split("a","adfmatrix.mws") ;

" "dfm", "trix.mws"
> split("b","adfmatrix.mws") ;
"adfmatrix.mws"
>
Example 2: Procedure “convert/symbol_dir to_string dir’ converts a directory name listed as a
symbol to a strings while “convert/string_dir_to_symbol dir’ converts back directory name from a
string format to a symbol format.

1

| > convert (DIR1l,symbol dir to_string dir);
convert (DIR2,symbol dir to_string dir);
convert (DIR3,symbol dir to_string dir);
convert (DIR4,symbol dir to_string dir);
"D:\Bigebra\Help Bigebra\"
"C:\Maplel 1\Clifford\Help 11 New\"
"/home/Bigebra/Help Bigebra/"
"/home/Bigebra/Help Bigebra/"
> convert (DIR1,string dir to_symbol dir);
convert (DIR2,string dir to_symbol dir);
convert (DIR3,string dir to_symbol dir);
convert (DIR4,string dir to_symbol dir);
D:\Bigebra/Help Bigebra/
C:\Maplel I\Clifford/Help 11 New/
/home/Bigebra/Help Bigebra/
L /home/Bigebra/Help Bigebra/
>
' Example 3: Procedure copy_file copies and renames Maple worksheets in one directory. For example,
file "all _sigs M10.mws" will be copied and saved as a new file "all sigs M10 _copyl.mws’ in the

directory "C:\\Maple10/P10/test1/". The directory name can also be specified as a string
"C:\\Maple10\\P10\\test1\\".

> TEST1:="C:\\Maplel0/P10/testl/ " ;
TEST2:="C:\\MaplelO0\\P10\\testl\\";
filein:="all sigs M10.mws ;
fileout:="all sigs_M10_copyl.mws ;
TESTI := C:\Maplel0/P10/testl/
TEST2? :="C:\Maplel10\P10\test1\"

filein == all sigs M10.mws




] fileout := all_sigs M10 _copyl.mws
| > copy_file(TEST1,filein,fileout);
copy file(TEST2,filein,fileout);
file alI:sigsiMlo.mws containing 117 lines has been copied as file all sigs M10 co
pyl.mws in the directory C:\Maplel0O/P10/testl/

file all sigs M10.mws containing 117 lines has been copied as file all sigs M10 co
pyl.mws in the directory C:\MaplelO\P10/testl/

>
Example 4: Procedure get_dir returns a list of strings which are names of files located in the
specified directory.

> dirl:="C:\\MaplelO\\P10\\testl\\";
dir2:="C:\\Maplel0/P10/testl/ " ;
dirl :="C:\Maple10\P10\test1\"
dir2 .= C:\Maplel0/P10/testl/
> S:=get_dir(dirl);
S:=get_dir(dir2);

nn

S :=["all sigs M10.mws", "all sigs M10 copyl.mws", "examples723.mws",

"Groebner.for.Grassmann_M10.23vii07.mws", "SchurFkt-code-22vii07.mws" |

nn

S:=["all sigs M10.mws", "all sigs M10 copyl.mws", "examples723.mws",
"Groebner.for.Grassmann_M10.23vii07.mws", "SchurFkt-code-22vii07.mws" ]

>

Example S: Procedure change name changes names of Maple worksheets specified as strings.

Various cases are shown below.

> X:="adfmatrix M8 .mws";
X :="adfmatrix M8.mws"

> Xl:=change name (X," M8"," M10");

X1 :="adfmatrix M10.mws"
> X2:=change name (X,"_M8","");

X2 = "adfmatrix.mws"

> X3:=change_ name (X1," M10"," MI11");

X3 :="adfmatrix M11.mws"
> change name (X," M8 .mws","");

"adfmatrix"

> 'S :=S;

nn

S :=["all sigs M10.mws", "all sigs M10 copyl.mws", "examples723.mws",
"Groebner.for.Grassmann_M10.23vii07.mws", "SchurFkt-code-22vii07.mws" |
> S:=map (change name,S," M10"," M11");

nn nn

S:=["all sigs M11l.mws", "all sigs M11 copyl.mws", "examples723 M11.mws",
"Groebner.for.Grassmann_M11.23vii07.mws", "SchurFkt-code-22vii07 M11.mws" ]




| > S:=map (change name,S," M11"," M10");

nn

S:=["all_sigs M10.mws", "all sigs M10_copyl.mws", "examples723_M10.mws",
"Groebner.for.Grassmann M10.23vii07.mws", "SchurFkt-code-22vii07 M10.mws" ]
| > map (change name,S," M8","");

nn nn

["all sigs M10.mws", "all sigs M10 copyl.mws", "examples723 M10.mws",

L "Groebner.for.Grassmann_M10.23vii07.mws", "SchurFkt-code-22vii07 M10.mws" ]
>
| Example 6: Procedure replace_in_file reads a Maple worksheet from directory DIR1 and then saves
is in a new directory DIR2 under the same name after replacements have been made in the text of the
file. The replacements are specified as two lists of strings: the first list contains strings to be replaced
while the second list contains their string replacements. It returns a list that shows the number of
replacements for each entry in the first list. If no replacements have been made, 0's are returned.

> DIR1:="C:\\Maple8\\P8\\testl\\";
DIR2:="C:\\MaplelO\\P10\\test2\\";

DIR] :="C:\Maple8\P8\test1\"

DIR2 :="C:\Maple10\P10\test2\"
> infile:="&c_M8 .mws";

infile .= "&c M8 mws"
> cat (DIR1l,infile);

"C:\Maple8\P8\test]\&c M8.mws"
> get_dir (DIR1);

n.on

["&c M8.mws", "adfmatrix M8.mws", "all sigs M8.mws", "all sigs M8 copyl.mws" ]

> replace_in file(cat(DIR1l,"&c_M8.mws") , cat(DIR2,"&c M10.mws"),

["C1lif£f8","Clifford["," ]", "November

16" ,"2002","Cli8plus","Cliplus|["],

["Clifford","Clifford:-"," ", "January

4" ,"2003","Cliplus","Cliplus:-"]) ;

[0,0,0,0,1,0,0]

> replace_in file(cat(DIR1l,"&c M8.mws"),cat(DIR2,"&c M10.mws") 6 ["Nov

ember 3","2003"], ["January 5","2003"]);

[1,0]

>
Example 7: Procedure change helpfiles automatically copies all Maple worksheets from one
directory to another after making appropriate replacements as in replace_in_file except that
replace_in_file makes such changes only in one file. It provides feedback to the user by listing all files
that have been copied and the number of required replacements. It can also change file names when
saving new files.

> TEST1:="C:\\MaplelO0\\P10\\testl\\";
TEST2:="C:\\MaplelO\\P10\\test2\\";




TEST11:="C:\\Maplel0/P10/testl/";
TEST22:="C:\\Maplel0/P10/test2/";

TESTI = "C:\Maplel10\P10\test1\"
TEST? :="C:\Maple10\P10\test2\"
TESTII := C:\Maplel0/P10/testl/

| TEST22 := C:\Maplel0/P10/test2/
| > change helpfiles (TEST1,TEST2,["Cl1iff8","October 8,
1995"],["Clifford"," 1995-2006"]); #copying with replacements

processing file all sigs M10.mws without renaming but with replacement(s): [8, 1]

processing file all sigs M10 copyl.mws without renaming but with replacement (s): [

8, 1]

processing file examples723.mws without renaming but with replacement(s): [0, 0]

processing file Groebner.for.Grassmann M10.23vii07.mws without renaming but with r

eplacement (s): [0, O]

processing file SchurFkt-code-22vii0O7.mws without renaming but with replacement (s)
[0, 0]

kkkhkkkkhkhkkkhkhkrkkhkhkkkhkkkx*k

finished processing 5 files
khkkhkhrkhhkhkkhkhkhkhkhkhkkhkkxkhkhkrxkhkxk*k

> change helpfiles (TEST1,TEST2,["Cliff8"],["Clifford"],"_M10"," MI11"

) ; #copying with name changes
processing file all sigs M10.mws renamed as all sigs Mll.mws with replacement(s):
[8]
processing file all sigs M10 copyl.mws renamed as all sigs M1l copyl.mws with repl
acement (s) : [8]
processing file examples723.mws renamed as examples723 Mll.mws with replacement (s)
[0]
processing file Groebner.for.Grassmann M10.23vii07.mws renamed as Groebner.for.Gra
ssmann M11.23vii07.mws with replacement(s): [0]
processing file SchurFkt-code-22viiO7.mws renamed as SchurFkt-code-22vii07 MI1l.mws
with replacement(s): [0]

kkkhkkkkhkhkkkhkhkrkkhkhAkkkhhkkkkkx*k

finished processing 5 files
khkkhkhkhhkhkkhkhkhkhkhkhkkhkhrhkhkrxkhkxk*k

> change helpfiles (TEST1,TEST2, ["Cliff8"], ["Clifford"]); #copying

without name changes
processing file all sigs M10.mws without renaming but with replacement(s): [8]
processing file all sigs M10 copyl.mws without renaming but with replacement (s): [
8]
processing file examples723.mws without renaming but with replacement(s): [0]
processing file Groebner.for.Grassmann M10.23vii07.mws without renaming but with r
eplacement (s): [0]
processing file SchurFkt-code-22viiO7.mws without renaming but with replacement (s)
[0]

KAk kA A kkhkAk kA Ak kA xAhhkkhkkhk

finished processing 5 files
khkkhk kA kA kA khkAkhkk Ak Ak khkhkkhk*k

> change helpfiles (TEST1,TEST2, ["Cliff8"],["C1liff8"]); #copying

without name changes or replacements
processing file all sigs M10.mws without renaming and without replacements - just
copying
processing file all sigs M10 copyl.mws without renaming and without replacements -
just copying




processing file examples723.mws without renaming and without replacements - Jjust c

opying
processing file Groebner.for.Grassmann M10.23vii07.mws without renaming and withou
t replacements - just copying

processing file SchurFkt-code-22vii0O7.mws without renaming and without replacement
s - just copying
khkkhkhkkhkhkhkkhkhkhkkhkhk kA Ak hkhkkkhkhkh*k

finished processing 5 files
kA hkhkkhkhkkhkhkkhkhkhkrkhhkhkhkkhkkhkkhk*x*k

| The following error message shows that the list of strings to be replaced cannot contain empty strings:
| > change _helpfiles (TEST1,TEST2,[""],[""]) ; ###<<<Intended error

message
Error, (in code support:-replace in file) first list cannot contain an empty
string

r > change helpfiles (TEST1,TESTZ2, ["November 5",""], ["January 5",""]);

###<<<Intended error message

Error, (in code support:-replace in file) first list cannot contain an empty
string

' Example 8: Procedure get TEXT whose output we won't show reads in a Maple worksheet as a text
file. This is needed in order to make replacements in the text of the worksheet.

[ > TEST1:="C:\\MaplelO\\P10\\testl\\";
TEST11l:="C:\\MaplelO/P10/testl/";

> Ll:=get dir (TEST1) ;
Lll:=get dir (TEST11);

TESTI ="C:\Maple10\P10\test1\"
TESTII = C:\Maplel0/P10/testl/

nn

L1 :=["all sigs M10.mws", "all sigs M10 copyl.mws", "examples723.mws",

"Groebner.for.Grassmann_M10.23vii07.mws", "SchurFkt-code-22vii07.mws" ]

nn

L] :=["all sigs M10.mws", "all sigs M10 copyl.mws", "examples723.mws",
L "Groebner.for.Grassmann_M10.23vii07.mws", "SchurFkt-code-22vii07.mws" |
[ > filenamel:=cat (TEST1,L1[1]);
filenamell:=cat (TEST11,L11[1]);
filenamel :="C:\Maplel10\P10\test1\all sigs M10.mws"
L filenamell := C:\Maplel0/P10/testl/all_sigs M10.mws
[ > get TEXT(filenamel) :
C>
| Example 9: Procedure makeLIST reads in file names of Maple worksheets and automatically creates,
on the basis of additional input, a list of help topics for ModuleName, with Parent and GrandParent
specified ahead of time, from the directory HELP_FILE PATH. There is a need for an additional input
for types and converts which are listed differently in the library. This procedure automatically creates

| lists of aliases for each help topic. This list can be modified later with the procedure modifyLIST.
> libname[1];




L "C:\Maplel 1/Cliffordlib"

| > HDB_LIB PATH:=convert(libname[l], name) ;
HELP FILE PATH:="C:\\MaplelO0/P10/Cliffl0/Help/ ; ##Directory where
* M10.mws help files are located
BROWSER PATH:="Mathematics/Algebra/’;

ModuleName :="Clifford’;
Parent ="Clifford,intro’;
GrandParent :="Clifford,intro’;

MapleVersion:="M10"; ### substring of file names that gives Maple
version
typesLIST:=["antisymmatrix",6 "clibasmon", "climatrix", "climon", "clip
olynom",

"cliprod","cliscalar","diagmatrix","dfmatrix",6 "evenelement",
"fieldelement", "gencomplex", "genquatbasis", "genquaternion",

"idempotent","nilpotent", "oddelement", "primitiveidemp", "purequatba
sis",
"quaternion","symmatrix", "tensorprod"];
convertsLIST:=["mlist",6 "str_ to int"];
HDB LIB PATH := C:\Maplel 1/Cliffordlib
HELP FILE PATH := C:\Maplel0/P10/Cliff10/Help/
BROWSER PATH = Mathematics/Algebra/
ModuleName := Clifford
Parent := Clifford,intro
GrandParent := Clifford,intro
MapleVersion :="M10"

nn nn n.n nn nn

typesLIST = [ "antisymmatrix", "clibasmon", "climatrix", "climon", "clipolynom", "cliprod",

"cliscalar", "diagmatrix", "dfmatrix", "evenelement", "fieldelement", "gencomplex",

nn nn nn

"genquatbasis", "genquaternion", "idempotent", "nilpotent", "oddelement", "primitiveidemp",

"purequatbasis", "quaternion", "symmatrix", "tensorprod" ]

L convertsLIST := [ "mlist", "str to int" |
> Lauto:=makeLIST (ModuleName,Parent,GrandParent, HELP FILE PATH,Maple
Version) ;

Lauto = [ [ Clifford, &c, Clifford,intro, [ "Clifford,&c", "&c"]],
[ Clifford,adfmatrix, Clifford,intro, [ "Clifford,adfmatrix", "adfmatrix" ] ],
[ Clifford,all_sigs, Clifford,intro, [ "Clifford,all sigs", "all sigs"]], [
Clifford, type,antisymmatrix, Clifford,intro, [ "Clifford,type,antisymmatrix", "type,antisymmatrix" |
1, [ Clifford,beta_minus, Clifford,intro, [ "Clifford,beta_minus", "beta_minus"] ],




[ Clifford,beta_plus, Clifford,intro, [ "Clifford,beta_plus", "beta_plus"]],

[ Clifford, Bsignature, Clifford,intro, [ "Clifford,Bsignature", "Bsignature" | ],

[ Clifford,buildm, Clifford,intro, [ "Clifford,buildm", "buildm" ] ],

[ Clifford,bygrade, Clifford,intro, [ "Clifford,bygrade", "bygrade"]],

[ Clifford,cbasis, Clifford,intro, [ "Clifford,cbasis", "cbasis" ] ],

[ Clifford, cdfmatrix, Clifford,intro, | "Clifford,cdfmatrix", "cdfmatrix" ] ],

[ Clifford,cexpQ, Clifford,intro, [ "Clifford,cexpQ", "cexpQ"]],

[ Clifford,cexp, Clifford,intro, [ "Clifford,cexp", "cexp"]],

[ Clifford, cinv, Clifford,intro, [ "Clifford,cinv", "cinv"]],

[ Clifford, type,clibasmon, Clifford,intro, [ "Clifford,type,clibasmon", "type,clibasmon"] ],
[ Clifford,clibilinear, Clifford,intro, [ "Clifford,clibilinear", "clibilinear" | ],

[ Clifford,clicollect, Clifford,intro, [ "Clifford,clicollect", "clicollect" ] ],

[ Clifford, clidata, Clifford,intro, [ "Clifford,clidata", "clidata" ] ],

[ Clifford, CLIFFORD _ENYV, Clifford,intro, [ "Clifford, CLIFFORD_ ENV", "CLIFFORD_ENV"]],
[ Clifford,clilinear, Clifford,intro, [ "Clifford,clilinear", "clilinear" ] |,

[ Clifford, type,climatrix, Clifford,intro, [ "Clifford,type,climatrix", "type,climatrix"]],

[ Clifford,climinpoly, Clifford,intro, [ "Clifford,climinpoly", "climinpoly"]],

[ Clifford, type,climon, Clifford,intro, [ "Clifford,type,climon", "type,climon" ] ],

[ Clifford, cliparse, Clifford,intro, | "Clifford,cliparse", "cliparse" | ],

[ Clifford, type,clipolynom, Clifford,intro, [ "Clifford,type,clipolynom", "type,clipolynom"]],
[ Clifford, type,cliprod, Clifford,intro, [ "Clifford,type,cliprod", "type,cliprod"]],

[ Clifford, cliremove, Clifford,intro, [ "Clifford,cliremove", "cliremove" ] ],

[ Clifford, type,cliscalar, Clifford,intro, [ "Clifford,type,cliscalar", "type,cliscalar" ] ],

[ Clifford, clisolve, Clifford,intro, [ "Clifford,clisolve", "clisolve" ]],

[ Clifford, clisort, Clifford,intro, | "Clifford,clisort", "clisort" ] ],

[ Clifford, cliterms, Clifford,intro, | "Clifford,cliterms", "cliterms" ] ],

[ Clifford,cmulgen, Clifford,intro, [ "Clifford,cmulgen", "cmulgen"] ],

[ Clifford,cmulNUM, Clifford,intro, [ "Clifford,cmulNUM", "cmulNUM" ] ],

[ Clifford,cmulQ, Clifford,intro, [ "Clifford,cmulQ", "cmulQ"]],

[ Clifford,cmulRS, Clifford,intro, [ "Clifford,cmulRS", "cmulRS" ]],

[ Clifford,cmul, Clifford,intro, [ "Clifford,cmul", "cmul" ] ], [

Clifford,cmul_user defined, Clifford,intro, [ "Clifford,cmul user defined", "cmul user defined"]
1, [ Clifford,cocycle, Clifford,intro, [ "Clifford,cocycle", "cocycle" ] ], [
Clifford,commutingelements, Clifford,intro,

[ "Clifford,commutingelements", "commutingelements" ] ],

[ Clifford,conjugation, Clifford,intro, [ "Clifford,conjugation", "conjugation" ] ],



[ Clifford,c_conjug, Clifford,intro, [ "Clifford,c_conjug", "c_conjug"]],

[ Clifford,ddfmatrix, Clifford,intro, | "Clifford,ddfmatrix", "ddfmatrix" ] ],

[ Clifford, type,dfmatrix, Clifford,intro, [ "Clifford,type,dfmatrix", "type,dfmatrix" ] ],

[ Clifford type,diagmatrix, Clifford,intro, [ "Clifford,type,diagmatrix", "type,diagmatrix" ] ],

[ Clifford,diagonalize, Clifford,intro, [ "Clifford,diagonalize", "diagonalize" | ],

[ Clifford, displayid, Clifford,intro, | "Clifford,displayid", "displayid"] ],

[ Clifford, type,evenelement, Clifford,intro, [ "Clifford,type,evenelement", "type,evenelement" | |,
[ Clifford, extract, Clifford,intro, [ "Clifford,extract", "extract"]],

[ Clifford, factoridempotent, Clifford,intro, [ "Clifford,factoridempotent”, "factoridempotent" ] ],
[ Clifford, type,fieldelement, Clifford,intro, | "Clifford,type,fieldelement", "type,fieldelement" ] ],
[ Clifford findIstr, Clifford,intro, [ "Clifford,find1str", "find1str" ],

[ Clifford findbasis, Clifford,intro, [ "Clifford,findbasis", "findbasis" ] ],

[ Clifford,type,gencomplex, Clifford,intro, [ "Clifford,type,gencomplex", "type,gencomplex"] ],
[ Clifford,type,genquatbasis, Clifford,intro, [ "Clifford,type,genquatbasis", "type,genquatbasis"] ], [
Clifford, type,genquaternion, Clifford,intro, [ "Clifford,type,genquaternion”, "type,genquaternion" |
1, [ Clifford,gradeinv, Clifford,intro, [ "Clifford,gradeinv", "gradeinv" ] ],

[ Clifford, type,idempotent, Clifford,intro, [ "Clifford,type,idempotent”, "type,idempotent" ] |,

[ Clifford,intro, Clifford,intro, [ "Clifford,intro", "intro" ] ],

[ Clifford,isproduct, Clifford,intro, [ "Clifford,isproduct", "isproduct"] ],

[ Clifford isVahlenmatrix, Clifford,intro, [ "Clifford,isVahlenmatrix", "isVahlenmatrix" ] ],

[ Clifford,Kfield, Clifford,intro, [ "Clifford,Kfield", "Kfield"]],

[ Clifford, LCQ, Clifford,intro, [ "Clifford, LCQ", "LCQ"]],

[ Clifford, LC, Clifford,intro, [ "Clifford,LC", "LC"]],

[ Clifford,makealiases, Clifford,intro, [ "Clifford,makealiases", "makealiases" ] ],

[ Clifford,makeclibasmon, Clifford,intro, [ "Clifford,makeclibasmon", "makeclibasmon"]],

[ Clifford,matKrepr, Clifford,intro, [ "Clifford,matKrepr", "matKrepr" ] ],

[ Clifford,maxgrade, Clifford,intro, [ "Clifford,maxgrade", "maxgrade" ] ],

[ Clifford, maxindex, Clifford,intro, [ "Clifford,maxindex", "maxindex" ] ],

[ Clifford, mdfmatrix, Clifford,intro, [ "Clifford,mdfmatrix", "mdfmatrix" ] ],

[ Clifford,minimalideal, Clifford,intro, [ "Clifford,minimalideal", "minimalideal" ] ],

[ Clifford,convert,mlist, Clifford,intro, [ "Clifford,convert,mlist", "convert,mlist" ] |,

[ Clifford, type,nilpotent, Clifford,intro, [ "Clifford,type,nilpotent", "type,nilpotent" ] ],

[ Clifford,type,oddelement, Clifford,intro, [ "Clifford,type,oddelement", "type,oddelement"] ],

[ Clifford,ord, Clifford,intro, [ "Clifford,ord", "ord"]],

[ Clifford permsign, Clifford,intro, [ "Clifford,permsign", "permsign" ] ], [

Clifford, type,primitiveidemp, Clifford,intro,



[ "Clifford,type,primitiveidemp", "type,primitiveidemp" ] ],

[ Clifford pseudodet, Clifford,intro, [ "Clifford,pseudodet", "pseudodet" |,
Clifford, type,purequatbasis, Clifford,intro, [ "Clifford,type,purequatbasis", "type,purequatbasis" ] |,
[ Clifford,qdisplay, Clifford,intro, | "Clifford,qdisplay", "qdisplay"]],

[ Clifford,qinv, Clifford,intro, [ "Clifford,qinv", "qinv" ] ],

[ Clifford,qmul, Clifford,intro, [ "Clifford,qmul", "qmul" ]],

[ Clifford,qnorm, Clifford,intro, [ "Clifford,qnorm", "qnorm" ]|,

[ Clifford, type,quaternion, Clifford,intro, [ "Clifford,type,quaternion", "type,quaternion"]],

[ Clifford,q conjug, Clifford,intro, [ "Clifford,q_conjug", "q conjug"]],

[ Clifford, RCQ, Clifford,intro, [ "Clifford, RCQ", "RCQ"]],

[ Clifford,RC, Clifford,intro, [ "Clifford,RC", "RC"]],

[ Clifford,rd_clibasmon, Clifford,intro, [ "Clifford,rd clibasmon", "rd_clibasmon"]],

[ Clifford,rd_climon, Clifford,intro, [ "Clifford,rd_climon", "rd climon"]],

[ Clifford,rd_clipolynom, Clifford,intro, [ "Clifford,rd_clipolynom", "rd_clipolynom"]],

[ Clifford,reorder, Clifford,intro, | "Clifford,reorder", "reorder" ] ],

[ Clifford,reversion, Clifford,intro, [ "Clifford,reversion", "reversion" | ],

[ Clifford, RHnumber, Clifford,intro, [ "Clifford, RHnumber", "RHnumber" ]|,

[ Clifford, rmulm, Clifford,intro, [ "Clifford,rmulm", "rmulm"] ],

[ Clifford,rot3d, Clifford,intro, [ "Clifford,rot3d", "rot3d"]],

[ Clifford,scalarpart, Clifford,intro, [ "Clifford,scalarpart”, "scalarpart"] ],

[ Clifford,setup, Clifford,intro, [ "Clifford,setup", "setup"]],

[ Clifford,sexp, Clifford,intro, [ "Clifford,sexp", "sexp" |1,

[ Clifford,specify constants, Clifford,intro, [ "Clifford,specify constants", "specify constants"] ],
[ Clifford,spinorKbasis, Clifford,intro, [ "Clifford,spinorKbasis", "spinorKbasis" ] ],

[ Clifford,spinorKrepr, Clifford,intro, [ "Clifford,spinorKrepr", "spinorKrepr" ] ],

[ Clifford,squaremodyf, Clifford,intro, [ "Clifford,squaremodf", "squaremodf" ] ],

[ Clifford,convert,str_to_int, Clifford,intro, [ "Clifford,convert,str to int", "convert,str to int"]],
[ Clifford,subs_clipolynom, Clifford,intro, [ "Clifford,subs_clipolynom", "subs_clipolynom"]],

[ Clifford, type,symmatrix, Clifford,intro, [ "Clifford,type,symmatrix", "type,symmatrix"] ],

[ Clifford, type,tensorprod, Clifford,intro, [ "Clifford,type,tensorprod", "type,tensorprod" | ],

[ Clifford,useproduct, Clifford,intro, [ "Clifford,useproduct", "useproduct" ] |,

[ Clifford,vectorpart, Clifford,intro, [ "Clifford,vectorpart", "vectorpart" ] ],

[ Clifford,version, Clifford,intro, [ "Clifford,version", "version" ]|,

[ Clifford,wedge, Clifford,intro, [ "Clifford,wedge", "wedge"]],

[ Clifford,wexp, Clifford,intro, [ "Clifford,wexp", "wexp" ]]]



| Example 10: Procedure modifyLIST can be used to modify a list of help topic entries that has been
created automatically by the procedure makeLLIST. Desired changes need to be entered as two lists of
strings: the first list contains strings that need to be replaced while the second lists contains the
replacement strings. The original list remains unchanged. This procedure needs to be used separately
for each help topic that we want to modify. For example, in the list Lauto we have the following
entry:

[ Clifford,wedge, Clifford,intro, [ "Clifford,wedge", "wedge" ] |
which we would like to modify this entry by adding an additional alias "&w" to the list of aliases:

"> Lmodified:=modifyLIST (Lauto, Clifford,wedge', ["Clifford,wedge", "we
dge","&w "]);
Lmodified := [ [ Clifford, &c, Clifford,intro, [ "Clifford,&c", "&c"]],

[ Clifford,adfmatrix, Clifford,intro, [ "Clifford,adfmatrix", "adfmatrix" ] ],
[ Clifford,all_sigs, Clifford,intro, [ "Clifford,all sigs", "all sigs"]], [
Clifford, type,antisymmatrix, Clifford,intro, [ "Clifford,type,antisymmatrix", "type,antisymmatrix" |
1, [ Clifford,beta_minus, Clifford,intro, [ "Clifford,beta minus", "beta minus" ||,
[ Clifford,beta_plus, Clifford,intro, [ "Clifford,beta_plus", "beta plus"]],
[ Clifford, Bsignature, Clifford,intro, [ "Clifford,Bsignature", "Bsignature" ] ],
[ Clifford,buildm, Clifford,intro, [ "Clifford,buildm", "buildm" ]],
[ Clifford,bygrade, Clifford,intro, [ "Clifford,bygrade", "bygrade"] ],
[ Clifford,cbasis, Clifford,intro, [ "Clifford,cbasis", "cbasis" ||,
[ Clifford, cdfmatrix, Clifford,intro, [ "Clifford,cdfmatrix", "cdfmatrix" ]],
[ Clifford,cexpQ, Clifford,intro, [ "Clifford,cexpQ", "cexpQ" 1],
[ Clifford,cexp, Clifford,intro, [ "Clifford,cexp", "cexp"]],
[ Clifford, cinv, Clifford,intro, [ "Clifford,cinv", "cinv"]],
[ Clifford, type,clibasmon, Clifford,intro, [ "Clifford,type,clibasmon", "type,clibasmon"]],
[ Clifford, clibilinear, Clifford,intro, [ "Clifford,clibilinear", "clibilinear" ] |,
[ Clifford,clicollect, Clifford,intro, | "Clifford,clicollect", "clicollect" ] ],
[ Clifford,clidata, Clifford,intro, [ "Clifford,clidata", "clidata" ] ],
[ Clifford, CLIFFORD_ENYV, Clifford,intro, [ "Clifford, CLIFFORD_ENV", "CLIFFORD_ENV"]],
[ Clifford, clilinear, Clifford,intro, [ "Clifford,clilinear", "clilinear" ] ],
[ Clifford, type,climatrix, Clifford,intro, [ "Clifford,type,climatrix", "type,climatrix" ] ],
[ Clifford,climinpoly, Clifford,intro, [ "Clifford,climinpoly", "climinpoly" ] ],
[ Clifford, type,climon, Clifford,intro, [ "Clifford,type,climon", "type,climon"]],
[ Clifford,cliparse, Clifford,intro, [ "Clifford,cliparse", "cliparse"]],
[ Clifford, type,clipolynom, Clifford,intro, [ "Clifford,type,clipolynom", "type,clipolynom"]],




[ Clifford,type,cliprod, Clifford,intro, [ "Clifford,type,cliprod", "type,cliprod"] ],

[ Clifford, cliremove, Clifford,intro, [ "Clifford,cliremove", "cliremove" ] ],

[ Clifford, type,cliscalar, Clifford,intro, [ "Clifford,type,cliscalar", "type,cliscalar" ] ],

[ Clifford, clisolve, Clifford,intro, [ "Clifford,clisolve", "clisolve" ]],

[ Clifford, clisort, Clifford,intro, | "Clifford,clisort", "clisort" ] ],

[ Clifford, cliterms, Clifford,intro, | "Clifford,cliterms", "cliterms" ] ],

[ Clifford,cmulgen, Clifford,intro, [ "Clifford,cmulgen", "cmulgen"] ],

[ Clifford,cmulNUM, Clifford,intro, [ "Clifford,cmmulNUM", "cmulNUM" ] ],

[ Clifford,cmulQ, Clifford,intro, [ "Clifford,cmulQ", "cmulQ"]],

[ Clifford,cmulRS, Clifford,intro, [ "Clifford,cmulRS", "cmulRS" ]],

[ Clifford,cmul, Clifford,intro, [ "Clifford,cmul", "cmul" ] ], [

Clifford,cmul_user_defined, Clifford,intro, [ "Clifford,cmul_user defined", "cmul user defined"]
1, [ Clifford,cocycle, Clifford,intro, [ "Clifford,cocycle", "cocycle"]], [
Clifford,commutingelements, Clifford,intro,

[ "Clifford,commutingelements", "commutingelements" ] ],

[ Clifford,conjugation, Clifford,intro, [ "Clifford,conjugation", "conjugation" ] ],

[ Clifford,c_conjug, Clifford,intro, [ "Clifford,c_conjug", "c_conjug"]],

[ Clifford,ddfmatrix, Clifford,intro, | "Clifford,ddfmatrix", "ddfmatrix" ] ],

[ Clifford, type,dfmatrix, Clifford,intro, [ "Clifford,type,dfmatrix", "type,dfmatrix" ] ],

[ Clifford, type, diagmatrix, Clifford,intro, | "Clifford,type,diagmatrix", "type,diagmatrix" ] ],

[ Clifford,diagonalize, Clifford,intro, [ "Clifford,diagonalize", "diagonalize" ] ],

[ Clifford displayid, Clifford,intro, [ "Clifford,displayid", "displayid"] ],

[ Clifford, type,evenelement, Clifford,intro, [ "Clifford,type,evenelement", "type,evenelement" | |,
[ Clifford, extract, Clifford,intro, [ "Clifford,extract", "extract"]],

[ Clifford,factoridempotent, Clifford,intro, [ "Clifford,factoridempotent", "factoridempotent” ] |,
[ Clifford, type,fieldelement, Clifford,intro, [ "Clifford,type,fieldelement", "type,fieldelement" ] ],
[ Clifford findIstr, Clifford,intro, [ "Clifford,find1str", "find1str" ],

[ Clifford,findbasis, Clifford,intro, [ "Clifford,findbasis", "findbasis" ] ],

[ Clifford, type,gencomplex, Clifford,intro, [ "Clifford,type,gencomplex", "type,gencomplex"] ],
[ Clifford,type,genquatbasis, Clifford,intro, [ "Clifford,type,genquatbasis", "type,genquatbasis"] ], [
Clifford,type,genquaternion, Clifford,intro, [ "Clifford,type,genquaternion", "type,genquaternion" |
1, [ Clifford,gradeinv, Clifford,intro, [ "Clifford,gradeinv", "gradeinv"] ],

[ Clifford, type,idempotent, Clifford,intro, [ "Clifford,type,idempotent”, "type,idempotent" ] |,

[ Clifford,intro, Clifford,intro, [ "Clifford,intro", "intro" ] ],

[ Clifford,isproduct, Clifford,intro, [ "Clifford,isproduct", "isproduct" ] ],

[ Clifford isVahlenmatrix, Clifford,intro, [ "Clifford,isVahlenmatrix", "isVahlenmatrix" ] ],



[ Clifford Kfield, Clifford,intro, [ "Clifford,Kfield", "Kfield"]],

[ Clifford, LCQ, Clifford,intro, [ "Clifford, LCQ", "LCQ"]],

[ Clifford,LC, Clifford,intro, [ "Clifford,LC", "LC"]],

[ Clifford,makealiases, Clifford,intro, [ "Clifford,makealiases", "makealiases" ] ],

[ Clifford, makeclibasmon, Clifford,intro, [ "Clifford,makeclibasmon", "makeclibasmon" ] ],
[ Clifford,matKrepr, Clifford,intro, [ "Clifford,matKrepr", "matKrepr"]],

[ Clifford,maxgrade, Clifford,intro, [ "Clifford,maxgrade", "maxgrade" ] ],

[ Clifford, maxindex, Clifford,intro, [ "Clifford,maxindex", "maxindex" ],

[ Clifford, mdfmatrix, Clifford,intro, [ "Clifford,mdfmatrix", "mdfmatrix" ] ],

[ Clifford, minimalideal, Clifford,intro, [ "Clifford,minimalideal", "minimalideal" ] ],

[ Clifford,convert,mlist, Clifford,intro, [ "Clifford,convert,mlist", "convert,mlist" ] |,

[ Clifford, type,nilpotent, Clifford,intro, | "Clifford,type,nilpotent", "type,nilpotent" ] ],

[ Clifford type,oddelement, Clifford,intro, [ "Clifford,type,oddelement", "type,oddelement"]],
[ Clifford,ord, Clifford,intro, [ "Clifford,ord", "ord"]],

[ Clifford permsign, Clifford,intro, [ "Clifford,permsign", "permsign" ] ], [

Clifford, type,primitiveidemp, Clifford,intro,

[ "Clifford,type,primitiveidemp", "type,primitiveidemp" ] ],

[ Clifford pseudodet, Clifford,intro, [ "Clifford,pseudodet", "pseudodet" |1,

Clifford, type,purequatbasis, Clifford,intro, [ "Clifford,type,purequatbasis", "type,purequatbasis" ] |,
[ Clifford,qdisplay, Clifford,intro, [ "Clifford,qdisplay", "qdisplay"]],

[ Clifford,qinv, Clifford,intro, [ "Clifford,qinv", "qinv"]],

[ Clifford,qmul, Clifford,intro, [ "Clifford,qmul", "qmul" ] ],

[ Clifford,qnorm, Clifford,intro, [ "Clifford,qnorm", "qnorm" ]|,

[ Clifford, type,quaternion, Clifford,intro, | "Clifford,type,quaternion", "type,quaternion"]],
[ Clifford,q _conjug, Clifford,intro, | "Clifford,q_conjug", "q conjug"]],

[ Clifford, RCQ, Clifford,intro, [ "Clifford, RCQ", "RCQ"]],

[ Clifford,RC, Clifford,intro, [ "Clifford,RC", "RC"]],

[ Clifford,rd_clibasmon, Clifford,intro, [ "Clifford,rd clibasmon", "rd_clibasmon"]],

[ Clifford,rd_climon, Clifford,intro, [ "Clifford,rd _climon", "rd_climon"]],

[ Clifford,rd_clipolynom, Clifford,intro, [ "Clifford,rd_clipolynom", "rd_clipolynom"]],

[ Clifford,reorder, Clifford,intro, | "Clifford,reorder", "reorder" ||,

[ Clifford,reversion, Clifford,intro, [ "Clifford,reversion", "reversion" | ],

[ Clifford, RHnumber, Clifford,intro, [ "Clifford, RHnumber", "RHnumber" ]|,

[ Clifford,rmulm, Clifford,intro, [ "Clifford,rmulm", "rmulm" ] ],

[ Clifford,rot3d, Clifford,intro, [ "Clifford,rot3d", "rot3d"]],

[ Clifford,scalarpart, Clifford,intro, [ "Clifford,scalarpart”, "scalarpart"] ],



[ Clifford, setup, Clifford,intro, [ "Clifford,setup", "setup" |1,

[ Clifford,sexp, Clifford,intro, [ "Clifford,sexp", "sexp" |1,

[ Clifford,specify constants, Clifford,intro, [ "Clifford,specify constants", "specify constants"] ],
[ Clifford,spinorKbasis, Clifford,intro, [ "Clifford,spinorKbasis", "spinorKbasis" ] |,

[ Clifford, spinorKrepr, Clifford,intro, [ "Clifford,spinorKrepr", "spinorKrepr" ] ],

[ Clifford,squaremodyf, Clifford,intro, [ "Clifford,squaremodf", "squaremodf" ] ],

[ Clifford,convert,str_to_int, Clifford,intro, [ "Clifford,convert,str to int", "convert,str to int"]],
[ Clifford subs_clipolynom, Clifford,intro, [ "Clifford,subs_clipolynom", "subs_clipolynom"]],

[ Clifford,type,symmatrix, Clifford,intro, [ "Clifford,type,symmatrix", "type,symmatrix" ] |,

[ Clifford, type,tensorprod, Clifford,intro, | "Clifford,type,tensorprod", "type,tensorprod" ] ],

[ Clifford,useproduct, Clifford,intro, [ "Clitfford,useproduct", "useproduct" ] ],

[ Clifford,vectorpart, Clifford,intro, [ "Clifford,vectorpart", "vectorpart" ] ],

[ Clifford,version, Clifford,intro, [ "Clifford,version", "version"]],

[ Clifford,wedge, Clifford,intro, [ "Clifford,wedge", "wedge", " &w™"]],

L [ Clifford,wexp, Clifford,intro, [ "Clifford,wexp", "wexp" ]]]
| Notice that this entry now looks as follows:

[ Clifford,wedge, Clifford,intro, [ "Clifford,wedge", "wedge", ""&w'"]]

that is, the alias "&w" has been added. To modify another topic, we need to execute this procedure
once more. For example, the last topic has this entry:

[ Clifford,wexp, Clifford,intro, [ "Clifford,wexp", "wexp"]]

If wanted to modify it by removing, for example, the alias "wexp", we would need to do the
following:

] > Lmodified2:=modifyLIST (Lmodified, 'Clifford,wexp ,["Clifford,wexp"]
) ;
Lmodified?2 = [ [ Clifford &c, Clifford,intro, [ "Clifford,&c", "&c" ],
[ Clifford,adfmatrix, Clifford,intro, | "Clifford,adfmatrix", "adfmatrix" ] ],
[ Clifford,all_sigs, Clifford,intro, [ "Clifford,all_sigs", "all sigs"]], [
Clifford, type,antisymmatrix, Clifford,intro, [ "Clifford,type,antisymmatrix", "type,antisymmatrix" |
1, [ Clifford,beta_minus, Clifford,intro, [ "Clifford,beta_minus", "beta_minus"] ],
[ Clifford,beta_plus, Clifford,intro, [ "Clifford,beta_plus", "beta_plus"]],
[ Clifford, Bsignature, Clifford,intro, [ "Clifford,Bsignature", "Bsignature" ] ],
[ Clifford, buildm, Clifford,intro, [ "Clifford,buildm", "buildm" ] ],
[ Clifford,bygrade, Clifford,intro, [ "Clifford,bygrade", "bygrade"]],




[ Clifford,cbasis, Clifford,intro, [ "Clifford,cbasis", "cbasis" ] ],

[ Clifford,cdfmatrix, Clifford,intro, | "Clifford,cdfmatrix", "cdfmatrix" | ],

[ Clifford,cexpQ, Clifford,intro, [ "Clifford,cexpQ", "cexpQ"]],

[ Clifford,cexp, Clifford,intro, [ "Clifford,cexp", "cexp"]],

[ Clifford, cinv, Clifford,intro, | "Clifford,cinv", "cinv"]],

[ Clifford, type,clibasmon, Clifford,intro, [ "Clifford,type,clibasmon", "type,clibasmon"] ],

[ Clifford,clibilinear, Clifford,intro, [ "Clifford,clibilinear", "clibilinear" | ],

[ Clifford,clicollect, Clifford,intro, [ "Clifford,clicollect", "clicollect" ]|,

[ Clifford, clidata, Clifford,intro, [ "Clifford,clidata", "clidata" ] ],

[ Clifford, CLIFFORD _ENYV, Clifford,intro, [ "Clifford, CLIFFORD_ ENV", "CLIFFORD_ENV"]],
[ Clifford,clilinear, Clifford,intro, [ "Clifford,clilinear", "clilinear" ] |,

[ Clifford, type,climatrix, Clifford,intro, [ "Clifford,type,climatrix", "type,climatrix"]],

[ Clifford,climinpoly, Clifford,intro, [ "Clifford,climinpoly", "climinpoly" ] ],

[ Clifford, type,climon, Clifford,intro, [ "Clifford,type,climon", "type,climon" ] ],

[ Clifford, cliparse, Clifford,intro, | "Clifford,cliparse", "cliparse" ] ],

[ Clifford, type,clipolynom, Clifford,intro, [ "Clifford,type,clipolynom", "type,clipolynom"]],
[ Clifford, type,cliprod, Clifford,intro, [ "Clifford,type,cliprod", "type,cliprod"]],

[ Clifford, cliremove, Clifford,intro, [ "Clifford,cliremove", "cliremove" ] ],

[ Clifford, type,cliscalar, Clifford,intro, [ "Clifford,type,cliscalar", "type,cliscalar" ] ],

[ Clifford, clisolve, Clifford,intro, [ "Clifford,clisolve", "clisolve" ]],

[ Clifford, clisort, Clifford,intro, | "Clifford,clisort", "clisort" ] ],

[ Clifford, cliterms, Clifford,intro, | "Clifford,cliterms", "cliterms" ] ],

[ Clifford,cmulgen, Clifford,intro, [ "Clifford,cmulgen", "cmulgen"] ],

[ Clifford,cmulNUM, Clifford,intro, [ "Clifford,cmulNUM", "cmulNUM" ] ],

[ Clifford,cmulQ, Clifford,intro, [ "Clifford,cmulQ", "cmulQ"]],

[ Clifford,cmulRS, Clifford,intro, [ "Clifford,cmulRS", "cmulRS" ]],

[ Clifford,cmul, Clifford,intro, [ "Clifford,cmul", "cmul" ] ], [

Clifford,cmul_user defined, Clifford,intro, [ "Clifford,cmul user defined", "cmul user defined"]
1, [ Clifford,cocycle, Clifford,intro, [ "Clifford,cocycle", "cocycle" ] ], [
Clifford,commutingelements, Clifford,intro,

[ "Clifford,commutingelements", "commutingelements" ] ],

[ Clifford,conjugation, Clifford,intro, [ "Clifford,conjugation”, "conjugation" ] ],

[ Clifford,c_conjug, Clifford,intro, [ "Clifford,c_conjug", "c_conjug"]],

[ Clifford, ddfmatrix, Clifford,intro, [ "Clifford,ddfmatrix", "ddfmatrix" ] ],

[ Clifford, type,dfmatrix, Clifford,intro, [ "Clifford,type,dfmatrix", "type,dfmatrix" ] ],

[ Clifford, type, diagmatrix, Clifford,intro, [ "Clifford,type,diagmatrix", "type,diagmatrix" ] ],



[ Clifford,diagonalize, Clifford,intro, [ "Clifford,diagonalize", "diagonalize" ||,

[ Clifford displayid, Clifford,intro, [ "Clifford,displayid", "displayid"] ],

[ Clifford, type,evenelement, Clifford,intro, [ "Clifford,type,evenelement", "type,evenelement" | |,
[ Clifford, extract, Clifford,intro, [ "Clifford,extract", "extract"]],

[ Clifford, factoridempotent, Clifford,intro, [ "Clifford,factoridempotent”, "factoridempotent" ] ],
[ Clifford, type,fieldelement, Clifford,intro, [ "Clifford,type,fieldelement", "type,fieldelement" ] ],
[ Clifford findIstr, Clifford,intro, [ "Clifford,find1str", "find1str" ] ],

[ Clifford findbasis, Clifford,intro, [ "Clifford,findbasis", "findbasis" | ],

[ Clifford,type,gencomplex, Clifford,intro, [ "Clifford,type,gencomplex", "type,gencomplex"] ],
[ Clifford,type,genquatbasis, Clifford,intro, | "Clifford,type,genquatbasis", "type,genquatbasis"] ], [
Clifford, type,genquaternion, Clifford,intro, [ "Clifford,type,genquaternion”, "type,genquaternion" |
1, [ Clifford,gradeinv, Clifford,intro, [ "Clifford,gradeinv", "gradeinv"] ],

[ Clifford,type,idempotent, Clifford,intro, [ "Clifford,type,idempotent", "type,idempotent" ] ],

[ Clifford,intro, Clifford,intro, [ "Clifford,intro", "intro" | ],

[ Clifford,isproduct, Clifford,intro, [ "Clifford,isproduct", "isproduct"] ],

[ Clifford isVahlenmatrix, Clifford,intro, [ "Clifford,isVahlenmatrix", "isVahlenmatrix" ] ],

[ Clifford,Kfield, Clifford,intro, [ "Clifford,Kfield", "Kfield"]],

[ Clifford, LCQ, Clifford,intro, [ "Clifford, LCQ", "LCQ"]],

[ Clifford, LC, Clifford,intro, [ "Clifford,LC", "LC"]],

[ Clifford,makealiases, Clifford,intro, [ "Clifford,makealiases", "makealiases" ] ],

[ Clifford, makeclibasmon, Clifford,intro, [ "Clifford,makeclibasmon", "makeclibasmon" ] ],

[ Clifford,matKrepr, Clifford,intro, [ "Clifford,matKrepr", "matKrepr" ]|,

[ Clifford,maxgrade, Clifford,intro, [ "Clifford,maxgrade", "maxgrade" ] ],

[ Clifford, maxindex, Clifford,intro, [ "Clifford,maxindex", "maxindex" ],

[ Clifford, mdfmatrix, Clifford,intro, [ "Clifford,mdfmatrix", "mdfmatrix" ] ],

[ Clifford, minimalideal, Clifford,intro, [ "Clifford,minimalideal", "minimalideal" ] ],

[ Clifford,convert,mlist, Clifford,intro, [ "Clifford,convert,mlist", "convert,mlist" | |,

[ Clifford, type,nilpotent, Clifford,intro, [ "Clifford,type,nilpotent", "type,nilpotent" ] ],

[ Clifford,type,oddelement, Clifford,intro, [ "Clifford,type,oddelement", "type,oddelement"] ],

[ Clifford,ord, Clifford,intro, [ "Clifford,ord", "ord"]],

[ Clifford permsign, Clifford,intro, [ "Clifford,permsign", "permsign" | ], [

Clifford, type,primitiveidemp, Clifford,intro,

[ "Clifford,type,primitiveidemp", "type,primitiveidemp" ] ],

[ Clifford pseudodet, Clifford,intro, [ "Clifford,pseudodet", "pseudodet" ] ], [
Clifford,type,purequatbasis, Clifford,intro, [ "Clifford,type,purequatbasis", "type,purequatbasis" ] ],
[ Clifford,qdisplay, Clifford,intro, [ "Clifford,qdisplay", "qdisplay"]],



>

[ Clifford,qinv, Clifford,intro, [ "Clifford,qinv", "qinv" ] ],

[ Clifford,qmul, Clifford,intro, [ "Clifford,qmul", "qmul" ] ],

[ Clifford,qnorm, Clifford,intro, [ "Clifford,qnorm", "qnorm" ]|,

[ Clifford type,quaternion, Clifford,intro, [ "Clifford,type,quaternion", "type,quaternion"]],
[ Clifford,q conjug, Clifford,intro, [ "Clifford,q_conjug", "q conjug"]],

[ Clifford, RCQ, Clifford,intro, [ "Clifford, RCQ", "RCQ"]],

[ Clifford,RC, Clifford,intro, [ "Clifford,RC", "RC"]],

[ Clifford,rd_clibasmon, Clifford,intro, [ "Clifford,rd clibasmon", "rd_clibasmon"]],

[ Clifford,rd_climon, Clifford,intro, [ "Clifford,rd_climon", "rd climon"]],

[ Clifford,rd_clipolynom, Clifford,intro, [ "Clifford,rd_clipolynom", "rd_clipolynom"]],

[ Clifford,reorder, Clifford,intro, | "Clifford,reorder", "reorder" | ],

[ Clifford,reversion, Clifford,intro, [ "Clifford,reversion", "reversion" | ],

[ Clifford, RHnumber, Clifford,intro, [ "Clifford, RHnumber", "RHnumber" ]|,

[ Clifford,rmulm, Clifford,intro, [ "Clifford,rmulm", "rmulm"] ],

[ Clifford,rot3d, Clifford,intro, [ "Clifford,rot3d", "rot3d"]],

[ Clifford,scalarpart, Clifford,intro, [ "Clifford,scalarpart”, "scalarpart"] ],

[ Clifford,setup, Clifford,intro, [ "Clifford,setup", "setup"]],

[ Clifford,sexp, Clifford,intro, [ "Clifford,sexp", "sexp" |1,

[ Clifford,specify constants, Clifford,intro, [ "Clifford,specify constants", "specify constants"] ],
[ Clifford,spinorKbasis, Clifford,intro, [ "Clifford,spinorKbasis", "spinorKbasis" ] ],

[ Clifford,spinorKrepr, Clifford,intro, [ "Clifford,spinorKrepr", "spinorKrepr" ] ],

[ Clifford,squaremodyf, Clifford,intro, [ "Clifford,squaremodf", "squaremodf" ] ],

[ Clifford,convert,str_to_int, Clifford,intro, [ "Clifford,convert,str to int", "convert,str to int"]],
[ Clifford,subs_clipolynom, Clifford,intro, [ "Clifford,subs_clipolynom", "subs_clipolynom"]],
[ Clifford, type,symmatrix, Clifford,intro, [ "Clifford,type,symmatrix", "type,symmatrix"] ],
[ Clifford, type,tensorprod, Clifford,intro, | "Clifford,type,tensorprod", "type,tensorprod" ] ],
[ Clifford,useproduct, Clifford,intro, [ "Clitford,useproduct", "useproduct" | |,

[ Clifford,vectorpart, Clifford,intro, [ "Clifford,vectorpart", "vectorpart" ] ],

[ Clifford,version, Clifford,intro, | "Clifford,version", "version" ]|,

[ Clifford,wedge, Clifford,intro, [ "Clifford,wedge", "wedge", " &w™"]],

[ Clifford,wexp, Clifford,intro, [ "Clifford,wexp" ] ] ]

| Observe that the last entry now reads:

[ Clifford,wexp, Clifford,intro, [ "Clifford,wexp" ] ]

Example 11:



Procedure NamesInLibrary shows what programs have been added to the library specified as the
single argument. For example, we can see what programs or files have been added so far do the

| library. For a complete information, see march command.

| > libname;

"C:\Maplel 1/Cliffordlib", "C:\Maplel1/lib", "C:\Brachey.Troy/TNB",

L "C:\Maplel1/SINGULARPLURALIinklib"
| > NamesInLibrary(libname[1]) ;

"matrealL.m"
"Clifford.m"

" AlternatingGroup rem_table.m"
" SymmetricGroup rem_table.m"
"Define.m"
"SINGULARPLURALIlink.m"
"GTP.m"

" implicitbezierpolynomial.m"
"Bigebra.m"
"matquatL.m"

" Reynolds rem table.m"
"Cliplus.m"
"SchurFkt.m"

" FiniteGroups rem_table.m"

" generateGinvariants rem table.m"
"SP.m"
"matcompR.m"

"TNB.m"

"code support.m"
"matrealR.m"
"RJgrobner.m"
"Octonion.m"
"matcompL.m"

"GfG.m"
. "matquatR.m"
>
" Example 12:

To see examples how insert_helppages works, see the help page INSERT HELPPAGES.




See Also: code_support, code_support, code_support, INSERT HELPPAGES

(c) Copyright 2002-2008 by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: June 19, 2008/RA/BF.



| > restart:
with (G£G) ;
GfG - Groebner for Grassmann 0.6 beta (June 22, 2008) says Hello...
===>WARNING: This is purely experimental package at this time, i.e., it is likely
to produce wrong results.
===>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/
Clifford package with 84 functions loaded...
Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralhelp
]
Bigebra package with 33 functions loaded...

[ CanForm, CommonFactor, Deg, GDivide, GGbasis, GLCM, GReduce, GSpoly, InvDeg, InvLex,
InvRevLex, LCoeff, LMon, LTerm, LeftGDivide, LeftGSpoly, LeftNormalForm, Lex, Orderldeal O,
RevLex, RightGDivide, RightGSpoly, RightNormalForm, SemiGroupldealT, SemiGroupsS,
choosegl, chooseg?2, isadmissible, leftidealmember, leftmost, make rnd_list,
make_rnd_polynomial in_ideal, makealpha, minGGbasis, multideg, rightidealmember, rightmost,

tilde, version |
> with(linalg):

B:=diag (0$9) :
> eval (makealiases (9, 'ordered')) :
> version() ;

1 I

e o S e s S L o L
GfG - Groebner for Grassmann - A Maple 11 Package for Groebner Bases for Grassmann Algebr\
as
Last revised: June 22, 2008 (Source file: Groebner.for.Grassmann_22vi08 M11.mws)
Copyright 2006-2008 by Rafal Ablamowicz (*) and Bertfried Fauser ($)
with contributions from Troy Brachey (*)

(*) Department of Mathematics, Box 5054
Tennessee Technological University, Cookeville, TN 38505
tel: USA (931) 372-3662, fax: USA (931) 372-6353
rablamowicz@tntech.edu
http.//math.tntech.edu/rafal/

($) Universit"at Konstanz, Fachbereich Physik, Fach M678
78457 Konstanz, Germany
Bertfried. Fauser@uni-konstanz.de
http.//clifford.physik.uni-konstanz.de/~fauser/
http://math.tntech.edu/rafal/




++++++++++++This is GfG - Groebner for Grassmann for Maple 11 version 0.6++++++++\
++++
>
| Example 1:
[ > cbas:=cbasis (3);
chas :=[1d,el, e2, e3,el2,el3,e23,el23]

> map (makealpha, cbas) ;

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

[[o,o,o0,0,0,0,0,0,0],1,0,0,0,0,0,0,0,0],[0,1,0,0,0,0,0,0,0],
[o,0,1,0,0,0,0,0,0],1,1,0,0,0,0,0,0,0],[1,0,1,0,0,0,0,0,0],[0,1,1,0,0,0,0,0,0],
[1,1,1,0,0,0,0,0,0]]

>

Example 2: Grassmann monomials sorted from the greatest to the smallest according to each order.

Definition: We say that an order T on Grassmann monomials is admissible if

1. m > 1 for every monomial m in the Grassmann basis
2.If m 2>m_1thenm Im 2m_r>m_Im_1m_r for everym_1, m_2, m_l, and m_r in the
Grassmann basis

In the following we sort Grassmann monomials in the basis for /A R*3 according to each monomial
order. Notice that:

1. RevLex, InvRevLex, and InvDeg[Lex] orders are NOT admissible because they violate the first
condition that m > 1 for every m in the Grassmann basis.

NOTE: Not all of these orders below are admissible, for example, RevLex, InvRevLex, and
InvDeg[Lex] orders are NOT admissible because they violate the first condition that m > 1 for every m
in the Grassmann basis. The remaining orders are admissible. Check procedure 'isadmissible’

Let a monomial m = e"alpha = (el”alphal &w e2”alpha2) &w (...) &w (e9"alpha9) where alpha =
[alphal, alpha2, ..., alpha9]. Of course, each alphai = 0 or 1 as ei*alphai = &w(ei,ei,...,e1) = 0 if alphai
>=2. We also agree that €10 = Id in the Grassmann algebra /\. We will refer to the list alpha also as a
vector.

In the following let m1 = e*alpha and m2 = e"beta.

'"Lex(m1,m2)' returns true if either the difference vector alpha - beta is the zero vector or the leftmost
non-zero entry in alpha - beta is positive, in which case we say m1 >= m2. Otherwise it returns false,
in which case we say that m1 <m?2. For example, it gives a lexicographic order on generators
el>e2>..>e9 (NOT ADMISSIBLE in general but admissible in Grassmann algebra).




'InvLex(m1,m2)' returns true if either the difference vector alpha - beta is the zero vector or the
rightmost non-zero entry in alpha - beta is positive, in which case we say m1 >= m2. Otherwise it
returns false, in which case we say that m1 <m2. For example, it gives the inverse lexicographic order
on generators €9>e8>...>el (NOT ADMISSIBLE in general and not admissible in Grassmann algebra)

'RevLex(ml,m2)" returns true if either the difference vector alpha - beta is the zero vector or the
rightmost non-zero entry in alpha - beta is negative, in which case we say m1 >=m2. Otherwise it
returns false, in which case we say that m1 <m2. For example, it gives the reverse lexicographic order
on generators el>e2>...>e9 (NOT ADMISSIBLE in general and not admissible in Grassmann algebra)

'InvRevLex(m1l,m2)' returns true if either the difference vector alpha - beta is the zero vector or the
leftmost non-zero entry in alpha - beta is negative, in which case we say m1 >=m2. Otherwise it
returns false, in which case we say that m1 <m2. For example, it gives the reverse lexicographic order
on generators el>e2>...>e9 (NOT ADMISSIBLE in general but admissible in Grassmann algebra)

'Deg' procedure takes as index (parameter) any of the above monomial orders T and uses that order to
resolve total degree ties: It first computes a degree (grade) of two monomial terms m1, m2, and it
returns true if the total degree [m1| > |m2|. When |m1| < |m2| it returns false, and when the degrees are
equal [m1| = |m2|, it uses the order T to determine the order. (NOT ADMISSIBLE in general but
admissible in Grassmann algebra)

'InvDeg' procedure takes as index (parameter) any of the above monomial orders T and uses that order
to resolve total degree ties: It first computes a degree (grade) of two monomial terms m1, m2, and it
returns false if the total degree |m1| > |m2|. When |m1| <|m2]| it returns true, and when the degrees are
equal jm1| =|m2|, it uses the order T to determine the order. (NOT ADMISSIBLE in general but
admissible in Grassmann algebra for all orders T except InvDeg[Lex] is not admissible)

[ > cbas:=cbasis (3);
"Lex order gives'=sort(cbas, Lex) ;
"Invlex order gives'=sort(cbas,Invlex) ;

"RevlLex order gives'=sort (cbas,Revlex) ; #Not admissible
because 1 > m for every m instead of m > 1 for every m
"InvRevLex order gives'"=sort (cbas,InvRevlLex) ; #Not admissible

because 1 > m for every m instead of m > 1 for every m

"Deg[Lex] order gives'"=sort (cbas,Deg[Lex]) ;

"Deg[InvLex] order gives'"=sort (cbas,Deg[InvLex]) ;

"InvDeg[Lex] order gives"=sort(cbas,InvDeg[Lex]); #Not admissible
because 1 > m for every m instead of m > 1 for every m




chas :=[1d,el,e2,e3,el2, el3,e23, el23]

"Lex order gives" =[el23,el2,el3,el,e23,e2,e3,1d]
"InvLex order gives" =[el23, e23,el3,e3,el2,e2,el, Id]
"RevLex order gives" =[1d, el, e2,el2, e3,el3, e23,el23]

"InvRevLex order gives" = [Id, e3, e2,e23,el,el3,el2, el23]
"Deg[Lex] order gives" =[el23,el2,el3,e23,el, e2, e3, 1d]
"Deg[InvLex] order gives" =[el23, e23,el3,el2, e3,e2, el, Id]
i "InvDeg[Lex] order gives" =[1d, el, e2, e3,el2, el3,e23,el23]
>
| Example 2: Procedure 'isadmissible' checks whether the given order is admissible. It takes as input a
list of Grassmann monomials (in CLIFFORD, they are of type 'clibasmon', and one of the monomial

orders. It returns true of the order as admissible and false if it is not admissible. Note, that this
procedure has a remember table to speed up computations but this remember table is forgotten when
Maple is closed. A local function in this procedure called 'Fwedge' is essentially the same as
Clifford:-wedge except that it has a remember table and remembers products of Grassmann
monomials. Its remember table is also erased when Maple is closed.

> cbas:=cbasis (4) :
T:=[Lex,InvLex,RevLex, InvRevlLex,Deg[Lex] ,Deg[InvLex] ,InvDeg[Lex]]:
nops (T) ;

> for morder in T do
flag:=isadmissible (cbas,morder) :
morderl :=convert (morder,string) :
printf ("Monomial order %s is admissible: %s\n" ,morderl, flagqg);
end do;

flag == true
morderl = "Lex"
Monomial order Lex 1is admissible: true
flag = true
morderl = "InvLex"
Monomial order InvLex 1s admissible: true

flag = false
morderl := "RevLex'
Monomial order RevLex 1s admissible: false

flag := false
morderl = "InvRevLex"
Monomial order InvRevLex is admissible: false

flag := true

'




morderl = "GfG:-Deg[ GfG:-Lex]"

Monomial order GfG:-Deg[GfG:-Lex] is admissible: true
flag == true
morderl :="GfG:-Deg[ GfG:-InvLex]"

Monomial order GfG:-Deg[GfG:-InvLex] is admissible: true
flag = false
morderl :="GfG:-InvDeg[ GfG:-Lex]"

L Monomial order GfG:-InvDeg[GfG:-Lex] is admissible: false
>
| > pl:=5*%el8+5*e6we8we9-5*e2we3we8;
L:=convert(cliterms (pl) ,h list);
sort (L,Deg[Lex]) ;
cbas:=cbasis (3):
sort (cbas,Deg[Lex]) ;
pl:=5el8+5e689—-5e238
L:=[el8, e238,e689]
[e238, €689, el§ ]
i [el23,el2,el3,e23,¢el,e2,e3, 1d]
>
| Example 3: Procedures LTerm, LMon, and LCoeff return the leading term, the leading monomial, and
the leading coefficient for a Grassmann polynomial for a stated monomial order.

> p:=Id+ed+ebwe7-3*e3wed+el+e2;

p=Ild+ed4d+e67—-3e39+el +e2
> L:=convert (cliterms (p),hlist);
L:=[1d,e2, el,e39,eb67,e4]
> sort(L,Lex) ;
LTerm(p,Lex) ,LMon (p,Lex) ,LCoeff (p,Lex) ;
[el, e2,e39,e4,e67,1d]
el,el, 1
> sort(L,Deg[Lex]) ;
LTerm(p,Deg[Lex]) ,LMon (p,Deg[Lex]) ,LCoeff (p,Deg[Lex]) ;
[e39,e67,¢el,e2, e4,1d]
L -3 e39,e39, -3
>
Example 4: Procedure 'CommonFactor' finds a common Grassmann factor in two Grassmann
monomials x and y. If the overlap between the two monomials is empty, the procedure returns the
identity element Id. Note that common factor of monomials x and y may differ in sign from the
common factor of y and x.

'CommonFactor' is Grassmann's original 'regressive' product, which he computed in his first extension




theory A1 using the 'rule of the common factor'. Here 'CommonFactor makes use of two aspects of a
Graded Hopf algebra, we can compute the meet (dual of join=wedge) in a Grassmann algebra using
the volume element. Thereby depending on the dimension. Common factor looks into the smallest
Grassmann algebra which contains the monomials x and y and extracts the coefficient of the highest
grade element (volume form). In this way, the common factor function becomes independent of an
'ambient dimension' and loses its weak dependence on the (weight of) the metric.

> CommonFactor (elwe2,elwe3) ;
CommonFactor (elwe3,elwe2) ;

—el

el
> cbas:=cbasis (3);

chas = [1Id,el,e2,e3,el2, el3, e23,el23]
> f£f:=(ml,m2)->CommonFactor (ml,m2) ;

fi=(ml,m2)— GfG:-CommonFactor(ml, m2)
> for ml in cbas do
for m2 in cbas do
printf ("The common factor of %a and %a is %a \n",ml,m2,f(ml, m2));

end do end do:

The common factor of Id and Id is Id
The common factor of Id and el is Id
The common factor of Id and e2 is Id
The common factor of Id and e3 is Id
The common factor of Id and el2 is Id
The common factor of Id and el3 is Id
The common factor of Id and e23 is Id
The common factor of Id and el23 is Id
The common factor of el and Id is Id
The common factor of el and el is el
The common factor of el and e2 is -Id
The common factor of el and e3 is -Id
The common factor of el and el2 is el
The common factor of el and el3 is el
The common factor of el and e23 is Id
The common factor of el and el23 is el
The common factor of e2 and Id is Id
The common factor of e2 and el is Id
The common factor of e2 and e2 is e2
The common factor of e2 and e3 is -Id
The common factor of e2 and el2 is e2
The common factor of e2 and el3 is -Id
The common factor of e2 and e23 is e2
The common factor of e2 and el23 is e2
The common factor of e3 and Id is Id
The common factor of e3 and el is Id
The common factor of e3 and e2 is Id
The common factor of e3 and e3 is e3
The common factor of e3 and el2 is Id
The common factor of e3 and el3 is e3
The common factor of e3 and e23 is e3
The common factor of e3 and el23 is e3



The common factor of el2 and Id is Id

The common factor of el2 and el is el

The common factor of el2 and e2 is e2

The common factor of el2 and e3 is Id

The common factor of el2 and el2 is el2

The common factor of el2 and el3 is -el

The common factor of el2 and e23 is -e2

The common factor of el2 and el23 is el2

The common factor of el3 and Id is Id

The common factor of el3 and el is el

The common factor of el3 and e2 is -Id

The common factor of el3 and e3 is e3

The common factor of el3 and el2 is el

The common factor of el3 and el3 is el3

The common factor of el3 and e23 is -e3

The common factor of el3 and el23 is el3

The common factor of e23 and Id is Id

The common factor of e23 and el is Id

The common factor of e23 and e2 is e2

The common factor of e23 and e3 is e3

The common factor of e23 and el2 is e2

The common factor of e23 and el3 is e3

The common factor of e23 and e23 is e23

The common factor of e23 and el23 is e23

The common factor of €123 and Id is Id

The common factor of el23 and el is el

The common factor of el23 and e2 is e2

The common factor of el23 and e3 is e3

The common factor of el23 and el2 is el2

The common factor of el23 and el3 is el3

The common factor of el23 and e23 is e23

|l The common factor of el23 and 123 is el23

[ >

[ >

[ >

Example 5: Procedure GDivide divides a Grassmann polynomial p1 by another Grassmann polynomial
p2 in the admissible order '"MonOrder' entered as a second argument. The user needs to know first
whether this monomial order is admissible (use procedure 'isadmissible' first). This procedure returns
the remainder r of the division of p1 by p2 that is, a polynomial r such that pl = wedge(q,p2) +r
where r is a polynomial such that GDivide(r,p2) =, that is, r cannot be further reduced by dividing it

by p2.

Note that GDivide and GLCM (defined below) need the reversion. The reversion is a map into the
opposite algebra and introduces signs due to the generation of the algebra by left multiplication turned
into right multiplication. The natural order of the opposite algebra would possibly be a decreasing
order on the indices like €32, e421, e321 etc. One should keep in mind that ordering may be reversed
when we use a contravariant functor like /\ --F-->/\"op.

When extending Groebner for Grassmann to Clifford algebras, all GDivide, GLCM, etc., functions
will then need the correct (possibly containing antisymmetric) parts either !

This procedure may be used with an optional fourth argument of type 'symbol': If used that way, it



returns the remainedr r and the quotient q as a sequence r,q (that is, r first and q second).

GDivide:=proc(p1,p2,MonOrder)
divide p2 into p1 [divide p1 by p2], or, write pl =q &w p2 +r,orq &wp2 =pl -r

> pl:=2*elwe2-3*ed+5*elwe2we3;
pl:=2el2-3e4+5el23
> p2:=e2-el+7;
p2=e2—el+7
> r:=GDivide (pl,p2,Deg[Lex]) ;
r = GDivide (r,p2,Deg[Lex]) ;
r.=-3e4+35e23-14¢e2
—3e4d+35e23-14e2=-3e4+35e23-14¢2

| Note that it is possible to find a Grassmann polynomial q (the quotient) in the Grassmann algebra
AR”n, where n = max(maxindex(p1),maxindex(p2)), such that q &w p2 =pl - r, as follows:

:> r,q:=GDivide (pl,p2,Deg[Lex],'q');
pl = Clifford:-wedge(q,p2)+r;

r,q:=—3e4d+35e23-14e2,2e2-5e23

L 2el2-3e4+5el23=2¢el2—-3e4+5el23
| Let's change the order:

| > r:=GDivide (pl,p2,Invlex) ;
r =GDivide (r,p2, Invlex) ;

r=-3e4+35el3-14 el

| —3e4d+35el3—14el=-3e4+35el3—14 ¢l
| Note that it is possible to find a Grassmann polynomial q (the quotient) in the Grassmann algebra
/AR”n, where n = max(maxindex(p1),maxindex(p2)), such that q &w p2 = pl -1, as follows:

| > r,q:=GDivide (pl,p2,Invlex, 'q');

pl = Clifford:-wedge(q,p2)+r;

r,q:=-3e4+35el3—-14el,2¢el-5¢el3

| 2el2-3e4+5el23=2el2—-3e4+5el23
[ >
Example 6: Procedure GLCM is the Grassmann LCM of two Grassmann monomials of type 'climon'’
or 'clibasmon'. It uses the fact that AP = Clifford:-RC(A,reversion(C)), where Clifford:-RC is the right
contraction of A by C: It contracts out the right factor C, that is, A = AP &w C. Similarly, it extracts in
the same way the C factor from the Ift in B, that is, B = C &w BP, where C is the common factor

(overlap of indices) of A and B. It returns a list [AP, C, BP]. In the special case of no overlap, it
returns C = Id, that is, [A,Id,B].




Note: We temporarily set B = diag(1$9) so that each basis vector e i would contact to 1, that is,
LC(e_i,e j)=RC(e i,e j)=1, wheni=j, and 0, when i <> .

Warning: GLCM returns signed factors of the least common multiple of monomials m1 and m2

Actually a Grassmann algebra is a graded commutative algebra! Hence a bimodule is graded
commutative isomorphic to a left or right module. In this sense, a Grassmann algebra behaves like a
(graded) commutative algebra. The sign accounts for the right action written as left action!

| > cbas;
pl:=7*e2+5*e2we3;
# right actions
ra:=map ( (x) ->wedge (pl, x) ,cbas) ;
# left action written as right action
la:=map((x) ->drop_t (&map (gswitch (&t (x,pl),1),1,wedge)) , cbas);
diff=1/2*(ra-1la) ;
summ=1/2* (ra+la) ;
[Id,el,e2,e3,el2, el3,e23,el23]
pl =T7e2+5e23
ra=[7e2+5e23,-Tel2+5e123,0,7e23,0,-7¢l23,0,0]
la:=[7e2+5e23,7el2+5¢el23,0,-7¢e23,0,-7¢e123,0,0]
diff =10,-7el12,0,7 €23,0,0,0,0]
L summ=[7e2+5e23,5e123,0,0,0,-7el23,0,0]
| In tangle notation the first computation is done using the wedge (a product tangle 2 inputs 1 output)

The right action written as left action picks up some signs due to the graded commutativity. We need
this signs to be able to write all actions as left actions only. This is also the source of the fact that we
need to concentrate only on one overlap, since a Grassmann monom cannot have two identical parts
due to the graded commutativity. A Grassmann (and later a Clifford) algebra is hence much more
commutative than noncommutative (algebra of words)

> ml:=elwe2we3we5;m2:=edwe3we2;

GLCM (ml1l,m2) ;

wedge (op (%)) ;

GLCM(m2,ml) ;

wedge (op (%)) ;

ml :=el235
m2 = edwe3we?2
[el5, e23, —e4]
el2345
[—e4, —e3we2, el) ]




I
[

el2345
>

Example 7: GSpoly computes an S-polynomial for two Grassmann polynomials p1 and p2 for the
stated monomial order MonOrder as follows.

cfl,lm1:=LCoeff(pl,MonOrder),LMon(p1,MonOrder);
cf2,lm2:=LCoeff(p2,MonOrder),LMon(p2,MonOrder);
Ist:=GLCM(Im1,Im2);

Then, the S-polynomial is Clifford:-wedge(p1,lst[3])/cf1-Clifford:-wedge(Ist[1],p2)/cf2;

> pl:=rd clipolynom() ;
p2:=rd_clipolynom() ;
pl =3 e3568+3el6
p2=111d+11e3678
> MonOrder:=Deg[Lex]:
'pl'=pl, 'p2'=p2;
Spoly:=GSpoly (pl,p2,MonOrder) ;
S
'pl'=pl, 'p2'=p2;
MonOrder:=InvlLex:
Spoly:=GSpoly (pl,p2,MonOrder) ;

pl=3e3568+3el6,p2=111d+ 11 e3678
Spoly :==el67 — e5

pl=3e3568+3el6,p2=111d+ 11 e3678
Spoly :=el67 —e5

>

Example 8: Procedure GReduce is obsolete and wrong. It was supposed to reduce a Grassmann
polynomial p with respect to a list [p1,...,pn] of n Grassmann monomials for the given monomial order
entered as the third argument. Use instead CanForm, LeftNormalForm, or Right NormalForm.

Procedure 'CanForm' decomposes a polynomial f into two components phi and h such that phi belongs
to an ideal I (left, right) generated by a list plst while h belongs to Span_k(O(I)) (the span of the order
ideal O(I) = S\ T(I) where S is a free semigroup (not quite) and T(I) is the ideal generated by the
leading terms (with respect to the monomial order MonOrder). Here S is generated by el,e2,...e N
where N is the larger of the maximum indices occuring in f and plst. It follows algorithm in [Mora] on
page 3.

- When used with three arguments, ideal I is assumed to be a left ideal (default).



- When used with the fourth optional argument 'left' or left, ideal I is assumed to be a left ideal. It calls
procedure 'choosegl' with the optional fourth argument.

- When used with the fourth optional argument 'right' or right, ideal I is assumed to be a right ideal. It
calls procedure 'choosegl' with the optional fourth argument.

The procedure 'LeftNormalForm' computes left normal form of a polynomial f with respect to finite set
G that generates a left ideal I and is a counterpart of incomplete Gaussian reduction [Mora]. See his
definition of normal form and Proposition 2.1 in [Mora] on page 6.

Definition: Let G subset of k<S> (free algebra - in our case it will be Grassmann algebra) and let I be
the ideal (left, right) generated by G, and let f be a polynomial in k<S>. A normal form of f w.r.t. G si
an element h in k<S> such that:

(a) f- h belongs to I,
(b) either h = 0 or T(h) does not belong to T(G), that is, the leading term of h does not belong to the
ideal T(G) in k<S> that is being generated by the leading terms of the set G.

Proposition 2.1 [Mora]
G is a Groebner basis of I if and only if for every f in k<S>, and for every h, the normal form of f:

- if h = 0 then f belongs to I;
- if h <> 0 then f does not belong to 1.

Procedure RightNormalForm computes right normal form of a polynomial f with respect to finite set G
that generates a right ideal I and is a counterpart of incomplete Gaussian reduction [Mora]. See his
definition of normal form and Proposition 2.1 in [Mora] on page 6.

> pl:=2*el-3*elwe3;
LTerm(pl,Deg[Lex]) ;
pl =2el—-3el3

—3el3
> p2:=Id+e3;
LTerm(p2,Deg[Lex]) ;
p2=1d+e3
e3
> p3:=2%*el;
LTerm(p3,Deg[Lex]) ;
p3i=2el
2el

[ > p:=-2*elwe2+e2we3;

LTerm(p,Deg[Lex]) ;
pi=-2el2+e23



—2el?
| > r:=GReduce (p, [pl,p2,p3],Deg[Lex]) ;

Warning, procedure GReduce 1is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

r.=—e2
> r:=CanForm(p, [pl,p2,p3],Deg[Lex]) ;
r:=LeftNormalForm(p, [pl,p2,p3] ,Deg[Lex]) ;
r:=RightNormalForm(p, [pl,p2,p3] ,Deg[Lex]) ;

Warning, procedure CanForm may produce wrong results. It uses Mora's definition
and algorithm in [Mora] on page 3.

r=-2el2+e23,0

Warning, procedure LeftNormalForm may produce wrong results. It uses Mora's
definition and algorithm in [Mora] on page 6 modified by R.A.

ri=—el
Warning, procedure RightNormalForm may produce wrong results. It uses Mora's
definition and algorithm in [Mora] on page 6 modified by R.A.

r.=-—el
> r=GDivide (r,pl,Deg[Lex]) ;
r=GDivide (r,p2,Deg[Lex]) ;
r=GDivide (r,p3,Deg[Lex]) ;
—e2 =—-e2
—e2 =—-e2
—-el2 =—e2

Change the order:

> r:=GReduce (p, [pl,p2,p3], Invliex) ;

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

r=—e2
> r:=CanForm(p, [pl,p2,p3],Invlex) ;
r:=LeftNormalForm(p, [pl,p2,p3],InvLiex) ;
r:=RightNormalForm(p, [pl,p2,p3],Invliex) ;

Warning, procedure CanForm may produce wrong results. It uses Mora's definition
and algorithm in [Mora] on page 3.

r=e23-2el2,0
Warning, procedure LeftNormalForm may produce wrong results. It uses Mora's
definition and algorithm in [Mora] on page 6 modified by R.A.

ri=—e2
Warning, procedure RightNormalForm may produce wrong results. It uses Mora's
definition and algorithm in [Mora] on page 6 modified by R.A.



L ri=—e
| > r=GDivide (r,pl, Invlex) ;

r=GDivide (r,p2, Invlex) ;

r=GDivide (r,p3, Invlex) ;

—e2 =—e2
—el =—e2
—e2 =—e2

>
| Example 9: Procedure 'GGbasis' computes a Groebner basis for the ideal generated by a list of
Grassmann polynomials F = [p1,p2,p3] with respect to the monomial order MonOrder that needs to be
admissible. It seems (this needs to be checked) that this basis can be used for solving the ideal
membership problem.

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

n:=max (op (map (Clifford:-maxindex,F))) ;

F:=[2el—-3el3,e3+1d,2el]
n:=>3
> cl,c2,c3:=rd _clipolynom(n) ,rd clipolynom(n),rd clipolynom(n) ;
cl,c2,c3=5Ild+5el3—-5e2,61d—4e23,-51d

> p_in:=wedge(cl,pl) +wedge (c2,p2) +wedge (c3,p3) ;

p_out:=p_ in+2*Id+3*e2;

GReduce (p_out,F,Deg[Lex]) ;

pin:=10el2-15el3-15el23+6e3+61d—4e23
pout:=10el2—-15el3-15el23+6e3+81ld—4e23+3¢2

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

21d+7e2
> G:=GGbasis (F,Deg[Lex]) ;
Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

2el
G:Z[—T+e13, e3 +1d, el}

> reml:=GReduce (p_in,G,Deg[Lex]) ;

rem2 :=GReduce (p_out,G,Deg[Lex]) ;

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

reml =4 e2




Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

rem2:=21d+7e2
>
Example 10: This procedure computes the minimal Groebner basis from a Groebner basis for a
monomial order MonOrder.

> minG:=minGGbasis (G,Deg[Lex]) ;

Warning, procedure GReduce 1is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

Warning, procedure GReduce 1is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

minG :=[e3 +1d, el ]
> GReduce (G[1l] ,minG,Deg[Lex]) ;

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

0
B

We check if the minG Groebner basis does also reduce the polynomial p:

> 'rem0' = GReduce (p, [pl,p2,p3],Deg[Lex]); #remainder after reducing
p w.r.t. the original polynomials pl,p2,p3
'reml' = GReduce (p,G,Deg[Lex]) ; #remainder after reducing
p w.r.t. the Groebner basis G
'rem2' = GReduce (p,minG,Deg[Lex]) ; #remainder after reducing

p w.r.t. the minimal Groebner basis minG

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

rem() = —e2

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

reml = —e2
Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

L rem2 = —e2
| Further check, that the minG Groebner basis reduces the G Groebner basis to zero, showing that all




| polynomials in G are in the ideal generated by minG too:
[ > map ( (x) ->GReduce (x,minG,Deg[Lex]) ,G) ;

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

Warning, procedure GReduce 1is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

Warning, procedure GReduce is obsolete and produces wrong results. Use
GfG:-CanForm, GfG:-LeftNormalForm, or GfG:-RightNormalForm

i [0,0,0]

| NOTE: Further checking is needed to make sure that procedures GGbasis and minGGbasis compute

| what we want.

>

>

' Example 11: Procedure 'multideg' computes the multidegree of a Grassmann polynomial with respect
to a monomial order entered as a second argument. It returns a vector with entries 1 and 0 that
represents the leading monomial of the polynomial with respect to the chosen order.

> £ := -3*Id-3*e36-3*e2389+el568+e349+el256;

fi=-31d—-3e36—-3e2389+el568 +e349+el256
> multideg (f,Deg[Lex]) ;
[1,1,0,0,1,1,0,0,0]
> multideg (£, Invlex) ;

L [0,1,1,0,0,0,0,1,1]
[ >
| Cookeville/Konstanz, June 22, 2008.



;J Function: GTP:-tensorrank - find the rank of a tensor or an elements of the type 'gradedpolynom'

Calling Sequence:

tensorrank(p);

Parameters:
| p - graded polynomials of type GTP:-"type/gradedpolynom’
H Description:

e Procedure 'tensorrank’ finds the rank of a graded polynomial, that is, an element of the graded
tensor product CI(B1) &t CI(B2) &t ... &t CI(Br) of some Clifford algebras CI(B1), CI(B2), ...,
CI(Br).

e This procedure is needed to determine if the tensors entered in GTP:-gprod or GTP:-gradedprod
are of the same rank.

o If, by mistake, tensors of different ranks are detected in p, an error message is returned.

H Examples:

[ > restart:with(Clifford) :with (GTP) :
[ > tensorrank (el &t e2);

2
> tensorrank(&t((el + e2) ,e2,1Id,el+e2,Id));

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

5
> p:=a*(Id &t Id &t e2)-3* (elwe2 &t e2 &t e2wel )+b*4*(Id &t e2
&t el) -
Id &t elwe2 &t elwe2;

p=a((ld&tld)&te2)—3 ((elwe2 &te2) &te2wel )+4 b ((ld&te2) &tel)

—((ld &t elwe2) &t elwe2)
[ > tensorrank (p) ;

> p:=&t(el,e2,e3)-&t(el,e2);

p=((el &te2) &te3)— (el &te2)
> tensorrank (p); #testing an error message

Error, (in GTP:-tensorrank) tensors of mixed ranks are found in
&t (&t (el,e2),eld)-&t(el,e2)

>
H See Also: GTP:-'type/gradedmonom’, GTP:-gbasis, GTP:-"type/gradedodd’, GTP:-grade,
GTP:- &t’, Clifford:-"type/tensorprod’, GTP:-gradedprod, GTP:-"type/gradedeven’




(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
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;J Function: GTP:- &t - graded tensor product

Calling Sequence:

&t(pl,p2,...,ps);
pl &tp2 &t ... &t ps

Parameters:

pl - expression of type GTP:-"type/tensorprod” or type/clipolynom’.
p2, ...,ps - polynomials of type “type/clipolynom’.

H Description:

e Procedure "&t'' is a place-holder for the basis elements in the graded tensor product CI(B1) &t
CI(B2) &t ... &t CI(Br) of r Clifford algebras CI(B1), CI(B2), ..., CI(Br). In that case each pi is of
'tensorrank’ r (see GTP:-tensorrank).

e This procedure is multi-linear and it is left-associative.

e To simplify notation, one may enter 'l' instead of 'Id' to denote the identity element in any
Clifford algebra.

H Examples:
[ > restart:with(Clifford) :with (GTP) :
[ > B:=linalg[diag] (1,1,1,1,1) :eval (makealiases(5)):
> &t(el,e2,e3) ;type (%, tensorprod) ;
(el &te2) &te3
true
> 2*gt (el,e2,e3) ;type (%, tensorprod) ;
2((el &te2) &tel)
false
> 2*&t(el,e2,e3) ;type (%,gradedmonom) ;
2((el &te2) &tel)

true
> el &t e2 &t e3;&t(el,e2,e3);

(el &te2) &te3
(el &te2) &te3
> pl:=el-2*e2we3+a*elwe2we3;p2:=1+e2+2*elwe2;
pl =el—-2e23+ael23

p2=1+e2+2el2
> &t(pl,p2);
Cliplus has been loaded. Definitions for type/climon and type/clipolynom now in
clude &C and &C[K]. Type ?cliprod for help.

(el &t1)+ (el &te2)+2 (el &tel2)—2(e23&t1)—2 (23 &te2)—4(e23 &tel2)




I +a(el23&t1)+a(el23&te2)+2a(el23 &tel2)

> &t(pl,p2,pl);

a* ((el23 &t1) &tel23)+a” ((el23 &te2) &tel23)+ ((el &t1)&tel)
—2((el &tl)&te23)+a((el &t1) &tel23)+ ((el &te2)&tel)
+a((el &te2)&tel23)—2 ((el &te2)&te23)+2 ((el &tel2)&tel)
—4((el &tel2)&te23)+2a((el &tel2)&tel23)—2 ((e23 &t1)&tel)
+4((e23&t1)&te23)—2a((e23 &t1) &tel23)—2 ((e23 &te2) &tel)
+4((e23 &te2) &te23)—2a((e23&tel)&tel23)—4((e23 &tel2) &tel)
+8((e23&tel2)&te23)—4a((e23 &tel2)&tel23)+a((el23 &t1)&tel)
—2a((el23&t1)&te23)+a((el23 &te2)&tel)—2a((el23 &te2) &te23)

+2a((el23&tel2)&tel)—4a((el23 &tel2) &te23)+2 a* ((el23 &tel2) &tel23)
> p:=&t(1,1,1,1);
p=((1&tl)&t1)&tl
> gprod(p,p) /
((ld &t 1d) &t 1d) &t 1d
> K:=cbasis (2) :L:=gbasis (K$2) ;
L=[ld&tld Id&tel, Id &te2, Id &tel2, el &tld, el &tel,el &te2, el &tel2, e2 &tld,
e2 &tel,e2 &te2, e2 &tel2,el2 &tld, el2 &tel,el2 &te2,el2 &tell]

(>
H See Also: GTP:-'type/gradedmonom’, GTP:-gbasis, GTP:-'type/eradedodd’, GTP:-grades,
Clifford:-"type/tensorprod’, GTP:-gradedprods, GTP:-gprods, GTP:-"type/gradedeven’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-cmulB - Clifford product in the Clifford algebra C1(B1)

Calling Sequence:

cmulB(pl,p2,B1);

Parameters:

pl, p2 - expressions of the type 'cliscalar’ or 'clipolynom'
| Bl - matrix of a bilinear form B1

H Description:

e Procedure 'cmulB' gives the Clifford product in the Clifford algebra CI(B1) where B1 an arbitrary
bilinear form.

e [t differs from cmul in that a user may enter any form B1 as the third argument and the product of
pl and p2 will be computed in CI(B1) regardless of the current value of B. Recall that B, when
defined, is a global variable storing a bilinear form B used as a default to compute the Clifford
product in CI(B). Thus, 'cmul' by default computes the Clifford product with the form B while
'cmulB' computes the same product with the user-supplied form B1.

e The bilinear form B1 is totally arbitrary. It may be symbolic, undefined, symmetric, diagonal, with
or without an antisymmetric part, numeric. When used as the third argument, it does not
overwrite B.

¢ No infix form for 'cmulB' is available since it is intended to be used with the third argument. If the
third argument is not entered, an error message is displayed.

e (Calls to 'cmulB' with different values of B1 are made when computing products of tensors with
GTP:-gradedprod or GTP:-gprod represented as polynomials of type GTP:-"type/gradedpolynom’,
GTP:-"type/gradedmonom’, or GTP:-"type/tensorprod’. In that case, B1 is expected to be
diagonal. See examples below.

H Examples:

[ > restart:with(Clifford) :with (GTP) :

| > B:=1linalg[diag] (1,1) :Bl:=1linalg[diag] (1,-1) :B2:=1inalg[matrix] (
| 2,2,[1,-1,1,-1]1):

[ > pl:=el-2*e2+elwe2:p2:=-elwe2+3*e2:

[ > cmul (pl,p2);

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

—e2+el —51d+ 3 elwe2

> cmulB(pl,p2); #testing an error message

Error, invalid input: GTP:-cmulB uses a 3rd argument, Bl (of type matrix),
which is missing

> cmulB(pl,p2,B); #product of pl and p2 in C1l(B)




I —e2+el —51d+3 elwe2
[ > cmulB(pl,p2,Bl); #product of pl and p2 in C1l(B1l)

—e2—el+51d+3 elwe2
> cmulB(pl,p2,B2); #product of pl and p2 in C1l(B1l)
4e2—-2el +elwe2+31d
The above products can also be accomplished using procedure Clifford:-cmul with optional index.
| For example,
| > cmul[B] (pl,p2); #product of pl and p2 in C1l(B)
—S5Id+3elwe2 +el —e2
> cmul [Bl] (pl,p2); #product of pl and p2 in C1l(B1l)
51d+3elwe2 —el —e2
> cmul [B2] (pl,p2); #product of pl and p2 in C1l(B2)
3ld+elwe2—-2el+4e2
[ > B3:=matrix(2,2,[]): #matrix B3 may be symbolic
| > cmulB(pl,p2,B3);

(~B3, | B3, ,+ B3, , B3, | —6 B3, ,+3 B3, ,)Id+ (B3, ,+3 B3, )elwe2
+(B3, ,+ B3, ,)el — (B3, | —2B3, +3B3, ,)e2

" Here is an example where 'cmulB' will be called by GTP:-gradedprod, GTP:-gprod when three
different arguments B, B1, and B2 are used. Remember that in that case all three forms B, B1,

| and B2 must be diagonal.

| > gprod(3*el &t e2 &t e2, 2*el &t e2 &t e2,B,B1l,Bl);

-6 ((Id &t Id) &t Id)
> gradedprod((2/3) * (el &t e2)-(5/a)* (e2wel &t e2wel) , 3* (el &t
e2)+Pi* (elwe2 &t e2wel)  Bl,B);

15(e2&tel) 5n(ld&tid)

a a

2
~2(ld &tld) +m(e2 &tel) +

> gcollect (%) ;
(2a+5n)(ld&tld) 1 (2ma+45)(e2 &tel)
—_ +—

a 3 a
> evalm(B); #B is not overwritten

| o ]
_ >

ﬂ See Also: Clifford:-cmul, GTP:-"type/gradedmonom’, GTP:-gbasis, GTP:-"type/gradedodd’,
GTP:-grade, GTP:- &t Clifford:-"type/tensorprod’, GTP:-gradedprod, GTP:-gprod,
GTP:-"type/gradedeven’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-gbasis - define a standard basis in the graded tensor product of n Clifford
algebras CI(B1), CI(B2),..., CI(Bn)

Calling Sequence:

gbasis(L1,L2,..,Ln);

gbasis(L$n);
Parameters:
L1, L2,....Ln - lists of basis elements in CI(B1), CI(B2),..., Cl(Bn)
L - one list of basis elements in CI(B) replicated n times in the call gbasis(L$n)
| n - rank of the graded tensor product of CI(B) &t CI(B) &t ... &t CI(B), n>=2
H Description:

e Procedure 'gbasis' writes a basis for a graded tensor product GTP:-"&t" of n Clifford algebras
CI(B1), CI(B2),..., CI(Bn) where each Clifford algebra CI(Bi) is over a real vector space Vi
endowed with a bilinear form Bi.

e The input may consist of a sequence of n lists L1, L2,...,Ln where each list Li, 1<=i<=n, contains
a canonical basis for Cl(Bi) obtained with a help of Clifford:-cbasis. Note that n must be at least 2.

e If all lists are the same, then a shorter input is possible of the form 'L$n' where L is a basis for
CI(B) and n is the rank of the desired graded tensor product.

e [t returns a list of elements of type GTP:-"type/tensorprod”.

e For more information, see also makealiases.

H Examples:
[ > restart:with(Clifford) :with (GTP) :eval (makealiases(4)):
> L:=cbasis(2) ;Ll:=cbasis(2) ;L2:=cbasis(3) ;
L:=[Id,el,e2, el2]
Ll :=[Id,el,e2, el2]

. L2 :=[Id,el,e2,e3,el2,el3, e23,el23]
| > gbasis (L$2) ;nops (%) ;

[Id &tld, Id &tel, Id &te2,ld &tel2, el &tld, el &tel, el &te2,el &tel2, e2 &tld,
e2 &tel,e2 &te2, e2 &tel2,el2 &tld,el2 &tel,el2 &te2,el2 &tell]

| 16
> gbasis(L1,L2) ;nops (%) ;

[ld &t1d, Id &tel,ld &te2, Id &te3,ld &tel2,ld &tel3, ld &te23,1d &tel23, el &t ld,
el &tel,el &te2, el &te3, el &tel2, el &tel3, el &te23, el &tel23,e2 &tld, e2 &tel,
e2 &te2,e2 &te3, e2 &tel2, e2 &tel3, e2 &te23,e2 &tel23,el2 &tld, el2 &tel,
el2 &te2,el2 &te3, el &tel2, el &tel3, el &te23,el2 &tel23]




I 32
| > gbasis(L); #testing an error message

Error, (in GTP:-gbasis) at least two lists with elements of type 'clibasmon' or
'tensorprod' are needed as input

i > gbasis (L$3) ;nops (%) ;

[(ld &t1d) &tld, (Id &t1d) &tel, (I1d &tld) &te2, (Id &tld) &tel2, (Id &tel) &t 1d,
(ld&tel) &tel,(ld&tel)&te2, (Id &tel) &tel2, (Id &te2) &tld, (Id &te2) &tel,
(ld &te2) &te2, (Id &te2) &tel2, (Id &tel2) &tld, (Id &tel2) &tel, (ld &tel2) &te2,
(ld&tel2) &tel2, (el &tld) &tld, (el &tld) &tel, (el &tld) &te2, (el &tld) &tel2,
(el &tel)&tld, (el &tel)&tel, (el &tel) &te2, (el &tel)&tel2, (el &tel) &tld,
(el &te2)&tel, (el &te2) &te2, (el &te2)&tel2, (el &tel2) &tld, (el &tel2) &tel,
(el &tel2) &te2, (el &tel2)&tel2,(e2 &tld) &tld, (e2 &tld) &tel, (e2 &tld) &te2,
(e2 &tld) &tel2, (e2 &tel) &tld, (e2 &tel) &tel,(e2 &tel) &te2, (e2 &tel) &tel?2,
(e2&te2)&tld, (e2 &te2) &tel,(e2 &te2) &te2, (e2 &te2) &tel2, (e2 &tel2) &tld,
(e2&tel2) &tel,(e2 &tel2) &te2, (e2 &tel2) &tel2,(el2 &tld) &tld,

(el2&tld) &tel,(el2 &tld) &te2,(el2 &tld) &tel2, (el2 &tel) &t ld,
(el2 &tel) &tel,(el2 &tel)&te2, (el2 &tel) &tel2,(el2 &te2) &t ld,
(el2 &te2) &tel, (el2 &te2) &te2, (el2 &te2) &tel2,(el2 &tel2) &td,
(el2 &tel2)&tel,(el2 &tel2) &te2, (el2 &tel2) &tell]

64

>
ﬂ See Also: Clifford:-cbasis, GTP:-type/gradedmonom’, GTP:-gbasis, GTP:- &t,
Clifford:-"type/tensorprod’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-gcollect - collect graded tensors with respect to the basis elements

Calling Sequence:

geollect(p);
geollect(p,s);

Parameters:

p - polynomial of type GTP:-"type/gradedpolynom’
| s - (optional) string which could be one of simplify, normal, etc.,

H Description:

e Procedure 'gcollect' collects terms in a graded polynomial with respect to its basis elements of
Clifford:-"type/tensorprod".

e When the optional string is used, appropriate operation is performed on the coefficients. See
collect for more help.

e By default, coefficients are factored.

H Examples:

[ > restart:with(Clifford) :with (GTP) :
[ > p:=(a/b-a*2/b*2) * (el &t e2) +
2* (&t (el,e2)) ;gcollect(p) ;gcollect(p,simplify) ;

2
a a
p:Z[— j(e[ &te2)+2 (el &te2)

bR

(a+b)(a—2b) (el &te2)
_ o

(—ab+d" —2b) (el &te2)
_ .

> p:=-2%a*3*&t(Id,Id,Id)+32*%a*b*2*&t(Id,Id,Id);

p==2a ((Id&t1d) &t Id) +32 a b* ((Id &t Id) &t Id)
> gcollect(p) ;gcollect(p,normal) ;gcollect(p,simplify) ;

2a(a—4b)(a+4b)((Id&tld) &tld)
(=2 a +32ab*)((ld &t Id) &t Id)
(=2 a +32ab*) ((ld &t Id) &t Id)

>
H See Also: Clifford:-"type/tensorprod’, GTP:-"type/eradedmonom’, GTP:-type/gradedpolynom’,
GTP:- &t

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
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;J Function: GTP:-gprod - compute a graded product of elements of the type 'tensorprod' or
'eradedmonom’

Calling Sequence:

gprod(p1,p2);
gprod(pl,p2,B1,B2,...,Br);

Parameters:

pl, p2 - graded monomials of type GTP:-"type/gradedmonom’ or
Clifford:-"type/tensorprod’ of rank r

B1,B2,...,Br - (optional) sequence of r diagonal forms Bi, 1 <=1 <=r, where r is the tensor rank
of pl and p2

H Description:

e Procedure 'gprod' computes a graded product of two monomials in the graded tensor product
CI(B1) &t CI(B2) &t ... &t Cl(Br) of r Clifford algebras CI(B1), CI(B2), ..., CI(Br).

e When the optional sequence is used, Clifford products are computed component-wise in CI(B1),
CI(B2), ..., CI(Br) with a help of the procedure GTP:-cmulB. However, the Z2-gradation is taken
into consideration in order to assure that elements of the type el &t 1 and 1 &t el belonging to
CI(B1) &t C1(B2) anticommute.

¢ Note that the product of two homogeneous elements a &t b and ¢ &t d of CI(B1) &t CI(B2) is
computed as follows:

gprod(a &t b, ¢ &t d) = (-1)"(grade(b)*grade(c))*(cmulB(a,c,B1) &t
cmulB(b,d,B2)

where a and ¢ are homogeneous elements that belong to CI(B1), b and d are homogeneous
elements that belong to CI(B2), and the grades of b and ¢ modulo 2 may be computed with

GTP:-grade.

e Since b and c elements are homogeneous elements, they are either even or odd. If b is even, then
grade(b) = 0 mod 2 , otherwise grade(b) = 1 mod 2.

e The graded multiplication defined above on homogeneous tensors of rank 2 may be extended to
homogeneous tensors of higher ranks and then to non-homogeneous tensors by means of linearity.
In that latter case, use procedure GTP:-gradedprod.

e When the optional sequence is not used, the default bilinear form B is applied. Thus, in this case,
the r products will be computed in r different copies of CI(B).

e The ranks of pl and p2 must be the same. They can be found with GTP:-"type/tensorrank’.

Examples:



| > restart:with(Clifford) :with (GTP) :eval (makealiases (5)) :_prolevel
L :=true:
| Example 1:
| > B:=1linalg[diag] (1,-1,-1,-1):Bl:=1linalg[diag] (-1,1,-1,1):B2:=1in
| alg[diag] (1,1,-1,1):
[ > type (el &t e2,tensorprod),

type (2* (el &t e3) ,gradedmonom),

type (2*&t (el,e2,e3) ,gradedmonom) ;

true, true, true

> gprod(l &t el,e2 &t 1) ;gprod(e2 &t 1,1 &t el);

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

—(e2 &tel)

el &tel
> gprod(Id &t el &t e2,el &t e2 &t Id) ;tensorrank (%) ;

—((el &tel2) &te2)
3
> gprod(el &t e2, e3 &t el,B1l,B2);
el3 &tel?
> gprod(Id &t e2 &t e2,el &t Id &t el) ; tensorrank (%) ;
—((el &te2) &tel2)
3
> gprod (3* (Id &t e2) ,2* (el &t Id)) ;tensorrank(%);
-6 (el &te2)
2
> gprod(&t(l,el,e2),&t(1l,el,e2));
(ld &t 1d) &t 1d
Example 2: Consider a graded tensor product of three copies of the Clifford algebra CI(B) where
B is a quadratic form (1,-1,-1,-1). We will show that the above definition of the product assures
| non-commutativity of the basis elements.
[ > B:=linalg[diag] (1,-1,-1,-1):
| > for i from 1 to 4 do E[i]:=&t(e]|i,1,1) od; #basis l-vectors in
one copy of Cl1(B)
E =(el &t1)&t]
E,=(e2&t]) &t1
E,=(e3&t]) &t1

| E,=(ed &t 1) &t1
> for i from 1 to 4 do F[i]:=&t(l,e]||i,l) od; #basis l-vectors in
another copy of Cl(B)

F=(1&tel)&t1



Fy=(1&te2) &t 1
Fy=(1&te3) &t 1
F,=(1&ted) &t 1

| > for i1 from 1 to 4 do G[i]:=&t(1l,1,e||i) od; #basis l-vectors in
another copy of C1(B)

G, =(1&tl)&tel

G, = (1 &tl)&te2

Gy, =(1&tl)&te3

| G, = (1 &t1)&ted

| We will combine now all basis rank 1-tensors into a list A. These rank 1-tensors generate the
graded tensor product of rank three of the three copies of CI(B). This new algebra is
Z2-isomorphic with CI(3B) where 3B is a quadratic form of signature (3,9). Below we explicitly
| show that the generators anticommute.

| > printlevel:=2:A:=[seq(E[i],i=1..4) ,seq(F[i],i=1..4) ,seq(G[i], i=
1..4)];

A=[(el &t1)&t1, (e2&t1)&t1, (e3&t1) &t 1, (ed&t1)&t1, (1 &tel)&t],
(1&te2)&t1,(1&te3)&t1, (1 &ted)&t1, (1&t1)&tel, (1 &t1)&te2,

(1 &t1)&te3, (1 &tl)&ted]
> for i from 1 to nops(A) do
for j from i to nops(A) do
1/2* ('gprod' (A[i] ,A[j])+'gprod' (A[j],A[i])) =
1/2* (gprod (A[i] ,A[j]) +gprod (A[j],A[i]));
od od;

GTP:-gprod((el &t 1) &t 1, (el &t1)&t1)=(Id &tI1d) &t1d

1
EGTP:-gprod((e] &tl)&tl,(e2&t1)&tl)
1
+5 GTP:-gprod((e2 &t 1) &t 1, (el &t1)&t1)=0
1
EGTP:-gprod((e] &tl)&tl,(e3&t1)&tl)
1
+5 GTP:-gprod((e3 &t1) &t 1, (el &t1)&t1)=0
1
EGTP:—gprod((e] &tl)&tl,(ed &tl)&tl)

1
+5GTP:-gpr0d((e4 &tl)&tl, (el &t1)&t1)=0




1
EGTP:-gprod((e] &tl)&tl, (1 &tel)&tl)
1
+5GTP:-gprod((1 &tel)&tl, (el &t1)&tl1)=0
1
EGTP:-gprod((e] &tl)&tl, (1 &te2) &tl)
1
+5 GTP:-gprod((1 &te2) &t 1, (el &t1)&t1)=0
1
EGTP:—gpmd((e] &tl)&tl, (1 &te3)&tl)
1
+5GTP:-gpr0d((1 &te3)&tl, (el &t1)&t1)=0
1
EGTP:—gpmd((e] &tl)&tl, (1 &ted)&tl)
1
+5GTP:-gpr0d((1 &ted)&tl, (el &t1)&t1)=0
1
EGTP:-gprod((e] &tl)&tl,(1&t1)&tel)
1
+5GTP:-gprod((1 &tl)&tel, (el &t1)&t1)=0
1
EGTP:-gprod((e] &tl)&tl,(1&t1)&te2)
1
+EGTP:-gprod((1 &tl)&te2, (el &t1)&t1)=0
1
EGTP:—gpmd((e] &tl)&tl,(1&tl)&tel)
1
+5GTP:-gpr0d((1 &tl)&te3, (el &t1)&t1)=0
1
EGTP:—gpmd((e] &tl)&tl,(1&tl)&ted)

1
+5 GTP:-gprod((1 &t 1) &te4, (el &t1)&t1)=0
GTP:-gprod((e2 &t 1) &t 1, (e2 &t 1) &t1)=—((Ild &tId) &tld)

1
S GTPgprod(e2 &t 1) &t 1, (e3 &t 1) &t 1)



1
+5 GTP:-gprod((e3 &t1) &t 1, (e2 &t1)&t1)=0
1
5GTP:-gprod((e2 &tl)&tl,(ed &t1)&tl)
1
+5 GTP:-gprod((e4 &t 1) &t 1, (e2 &t1)&t1)=0
1
EGTP:-gprod((e2 &tl)&tl, (1 &tel)&tl)
1
+5GTP:-gpr0d((1 &tel)&tl,(e2&t1)&t1)=0
1
5GTP:-gpr0d((e2 &tl)&tl, (1 &te2)&tl)
1
+5 GTP:-gprod((1 &te2) &t 1, (e2 &t1)&t1)=0
1
5GTP:-gpr0d((e2 &tl)&tl, (1 &tel)&tl)
1
+5GTP:-gprod((1 &ted)&tl,(e2&tl)&tl1)=0
1
5GTP:-gprod((e2 &tl)&tl, (1 &ted) &tl)
1
+5GTP:-gprod((1 &ted)&tl,(e2&t1)&t1)=0
1
EGTP:-gprod((e2 &tl)&tl, (1 &t1)&tel)
1
+5GTP:-gpr0d((1 &tl)&tel, (e2&t1)&t1)=0
1
5GTP:-gpr0d((e2 &tl)&tl,(1&tl)&te2)
1
+5GTP:-gpr0d((1 &tl)&te2, (e2&tl1)&t1)=0
1
5GTP:-gpr0d((e2 &tl)&tl,(1&tl)&te3)
1
+5GTP:-gpr0d((1 &tl)&tel,(e2&tl)&tl)=0

1
5 GTPgprod(e2 &t 1) &t 1, (1 &t 1) &ted)



1
+5 GTP:-gprod((1 &t1) &ted, (e2 &t1)&t1)=0
GTP:-gprod((e3 &t 1) &t 1, (e3 &t 1) &tl)=—((Id &tld) &tld)

1
EGTP:-gprod((e.? &tl)&tl,(ed &t1)&tl)
1
+5 GTP:-gprod((e4 &t 1) &t 1, (e3 &t1)&t1)=0
1
EGTP:-gpmd((e_? &tl)&tl, (1 &tel)&tl)
1
+5 GTP:-gprod((1 &tel) &t 1, (e3 &t1)&t1)=0
1
EGTP:-gpmd((e_? &tl)&tl, (1 &te2)&tl)
1
+5 GTP:-gprod((1 &te2) &tl,(e3 &t1)&t1)=0
1
EGTP:-gprod((e.? &tl)&tl, (1 &te3)&tl)
1
+5GTP:-gprod((1 &te3)&tl,(e3&tl)&tl1)=0
1
EGTP:-gprod((e.? &tl)&tl, (1 &ted) &tl)
1
+5 GTP:-gprod((1 &te4) &t 1, (e3 &t1)&t1)=0
1
EGTP:-gpmd((e_? &tl)&tl,(1&tl)&tel)
1
+5 GTP:-gprod((1 &t 1) &tel,(e3&t1)&t1)=0
1
EGTP:-gpmd((e_? &tl)&tl,(1&tl)&te2)
1
+5GTP:-gpr0d((1 &tl)&te2, (e3&t1)&t1)=0
1
EGTP:-gprod((e.? &tl)&tl,(1&t])&te3)

1
+ GTP:-gprod(1 &t 1) &te3, (e3 &t 1) &t1)=0



1
EGTP:-gprod((e.? &tl)&tl,(1&tl)&ted)

1
+2 GTP:-gprod((1 &t 1) &ted. (e3 &t 1) &t1)=0
GTP:-gprod((ed &t 1) &t 1, (e4 &t 1) &t 1) =—((Id &t Id) &t Id)

1
5GTP:—gpr0d((e4 &tl)&tl, (1 &tel)&tl)
1
+5GTP:-gpr0d((1 &tel)&tl,(ed &t1)&t1)=0
1
5GTP:—gpr0d((e4 &tl)&tl, (1 &te2)&tl)
1
+5 GTP:-gprod((1 &te2) &t 1, (e4d &t1)&t1)=0
1
5GTP:-gpr0d((e4 &tl)&tl, (1 &te3)&tl)
1
+5GTP:-gprod((1 &ted)&tl,(ed &tl)&tl)=0
1
5GTP:-gpr0d((e4 &tl)&tl, (1 &ted) &tl)
1
+EGTP:-gprod((1 &ted)&tl,(ed &t1)&t1)=0
1
5GTP:—gpr0d((e4 &tl)&tl,(1&tl)&tel)
1
+5GTP:-gpr0d((1 &tl)&tel,(ed &t1)&t1)=0
1
5GTP:—gpr0d((e4 &tl)&tl,(1&tl)&te2)
1
+5GTP:-gpr0d((1 &tl)&te2, (e4d &t1)&t1)=0
1
5GTP:-gpr0d((e4 &tl)&tl,(1&tl)&te3)
1
+5GTP:-gprod((1 &tl)&te3,(e4&tl)&tl)=0

1
5GTP:-gpr0d((e4 &tl)&tl, (1 &t1)&ted)



1
+2 GTP:-gprod((1 &t 1) &ted. (ed &t 1) &t 1)=0
GTP:-gprod((1 &tel) &t 1, (1 &tel) &t 1) = (Id &t Id) &t 1d

1
EGTP:-gprod((l &tel)&t1, (1 &te2)&tl)
1
+5GTP:-gpr0d((1 &te2)&tl, (1 &tel)&tl)=0
1
EGTP:—gpmd((l &tel)&tl, (1 &te3)&tl)
1
+5GTP:-gpr0d((1 &te3)&tl, (1 &tel)&tl)=0
1
EGTP:—gpmd((l &tel)&tl, (1 &ted) &tl)
1
+5GTP:-gprod((1 &ted)&tl,(1 &tel)&tl)=0
1
EGTP:-gprod((l &tel)&t1,(1 &tl)&tel)
1
+5GTP:-gprod((1 &tl)&tel, (1 &tel)&tl)=0
1
EGTP:-gprod((l &tel)&t1,(1 &t1l)&te2)
1
+5GTP:-gpr0d((1 &tl)&te2, (1 &tel)&tl1)=0
1
EGTP:—gpmd((l &tel)&tl,(1&tl)&tel)
1
+5GTP:-gpr0d((1 &tl)&te3, (1 &tel)&tl)=0
1
EGTP:—gpmd((l &tel)&tl, (1 &tl)&ted)

1
+5GTP:-gpr0d((1 &tl)&ted, (1 &tel)&tl)=0
GTP:-gprod((1 &te2) &t 1, (1 &te2) &t 1) =—((1ld &tId) &t id)

1
5 GTPr-gprod((1 &te2) &t 1, (1 &te3) &t 1)

1
+5GTP:-gpr0d((1 &te3)&tl,(1&te2)&tl)=0



1
EGTP:-gprod((l &te2) &t 1, (1 &ted) &tl)
1
+5GTP:-gprod((1 &ted)&tl,(1 &te2)&tl1)=0
1
EGTP:-gprod((l &te2)&t1,(1 &tl)&tel)
1
+5GTP:-gprod((1 &tl)&tel, (1 &te2)&tl)=0
1
EGTP:—gpmd((l &te2)&tl,(1&tl)&te2)
1
+5GTP:-gpr0d((1 &tl)&te2, (1 &te2)&tl1)=0
1
EGTP:—gpmd((l &te2)&tl, (1 &tl)&tel)
1
+5GTP:-gpr0d((1 &tl)&te3, (1 &te2)&tl)=0
1
EGTP:-gprod((l &te2)&tl,(1&tl)&ted)

1
+5GTP:-gpr0d((1 &tl)&ted, (1 &te2)&tl)=0
GTP:-gprod((1 &te3) &t 1, (1 &te3) &t1)=—((ld &tld) &tld)

1
EGTP:—gpmd((l &te3)&tl, (1 &ted)&tl)
1
+5GTP:-gpr0d((1 &ted)&tl,(1 &te3)&tl)=0
1
EGTP:—gpmd((l &te3)&tl,(1&tl)&tel)
1
+5GTP:-gpr0d((1 &tl)&tel, (1 &te3)&tl1)=0
1
EGTP:-gprod((l &te3)&t1, (1 &tl)&te2)
1
+5GTP:-gpr0d((1 &tl)&te2, (1 &te3)&tl)=0

1
5 GTP-gprod((1 &te3) &t 1, (1 &t 1) &te3)



1
+5GTP:-gprod((1 &tl)&te3, (1 &te3)&t1)=0
1
EGTP:-gprod((l &te3)&t1, (1 &tl)&ted)

1
+2 GTP:-gprod((1 &t 1) &ted, (1 &te3) &t1)=0
GTP:-gprod((1 &ted) &t 1, (1 &ted) &t 1)=—((Id &t Id) &t Id)

1
EGTP:—gpmd((l &ted)&tl,(1&tl)&tel)
1
+5GTP:-gpr0d((1 &tl)&tel, (1 &ted)&t1)=0
1
EGTP:—gpmd((l &ted)&tl,(1&tl)&te2)
1
+5GTP:-gpr0d((1 &tl)&te2, (1 &ted)&t1)=0
1
EGTP:-gprod((l &ted)&tl, (1 &tl)&tel3)
1
+5GTP:-gprod((1 &tl)&te3, (1 &ted)&tl1)=0
1
EGTP:-gprod((l &ted) &t 1, (1 &t1l) &ted)

1
+5GTP:-gpr0d((1 &tl)&ted, (1 &ted)&t1)=0
GTP:-gprod((1 &t 1) &tel, (1 &t1) &tel)=(Id &tld) &tld

1
EGTP:—gpmd((l &tl)&tel, (1 &tl)&te2)
1
+5GTP:-gprod((1 &tl)&te2, (1 &t1)&tel)=0
1
EGTP:-gprod((l &tl)&tel, (1 &t1l)&te3)
1
+5GTP:-gpr0d((1 &tl)&te3, (1&t1)&tel)=0
1
EGTP:-gprod((l &tl)&tel, (1 &t1l) &ted)

1
+5GTP:-gpr0d((1 &tl)&ted, (1&t1)&tel)=0



GTP:-gprod((1 &t 1) &te2, (1 &t 1) &te2)=—((Id &t Id) &t Id)

1
EGTP:-gprod((l &tl)&te2, (1 &t1l) &te3)
1
+5GTP:-gpr0d((1 &tl)&te3, (1&t1)&te2)=0
1
EGTP:—gpmd((l &tl)&te2, (1&tl)&ted)

1
+5GTP:-gpr0d((1 &tl)&ted, (1 &t1)&te2)=0
GTP:-gprod((1 &t 1) &te3, (1 &t1) &te3)=—((Id &tld) &tld)

1
S GTP-gprod((1 &t 1) &te3, (1&t 1) &ted)

1
+ GTP-gprod(1 &t 1) &ted, (1 &t1) &te3)=0

] GTP:-gprod((1 &t 1) &ted, (1 &t 1) &t ed) = —((Id &t Id) &t Id)
| Thus, we have

(1/2)*(gprod(A[i],A[j]) + gprod(A[j],A[i]) =0, 1 <=1,) <= 12,1 <>]
and

| gprod(A[i],A[i]) = ((Id &t Id) &t Id) or gprod(A[i],A[i]) = -((Id &t Id) &t Id), 1i=1..12.
| > for i from 1 to nops(A) do 'gprod' (A[i] ,A[i])=gprod(A[i], A[i])
od;

GTP:-gprod((el &t1) &t 1, (el &t1)&t1)=(ld &tId) &tld
GTP:-gprod((e2 &t 1) &t 1, (e2 &t 1) &t1)=—((ld &tld) &t Id)
GTP:-gprod((e3 &t 1) &t 1, (e3 &t 1) &t1)=—((ld &tld) &t Id)
GTP:-gprod((e4 &t 1) &t 1, (ed &t 1) &t1)=—((Ild &tId) &tld)

GTP:-gprod((1 &tel) &t 1, (1 &tel) &t1)=(ld &tId) &t ld
GTP:-gprod((1 &te2) &t 1, (1 &te2)&tl)=—((ld &tld) &t Id)
GTP:-gprod((1 &te3) &t 1, (1 &te3)&tl)=—((ld &tld) &tld)
GTP:-gprod((1 &ted) &t 1, (1 &ted) &t1)=—((1ld &tId) &tld)

GTP:-gprod((1 &t 1) &tel, (1 &tl) &tel)=(ld &tId) &tld
GTP:-gprod((1 &t 1) &te2, (1 &t1)&te2)=—((ld &tld) &tld)
GTP:-gprod((1 &t 1) &te3, (1 &t1)&te3)=—((ld &tld) &tld)

GTP:-gprod((1 &t 1) &ted, (1 &t 1) &ted)=—((Id &tld) &t ld)
We have explicitly shown that the generators A[1], A[5] and A[9] have squares equal to +1 while
| the remaining generators have squares equal to -1.




> map (grade,A); #all elements of A are of grade 1

[L 1L, 1L, L1111, 1]
> map (tensorrank,A); #all elements of A are tensors of rank 3

[3,3,3,3,3,3,3,3,3,3,3,3]

>

ﬂ See Also: GTP:-"type/gradedmonom’, GTP:-gbasis, GTP:-type/gradedodd’, GTP:-grade,
GTP:-"&t’, Clifford:-"type/tensorprod’, GTP:-gradedprod, GTP:-"type/gradedeven’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-grade - find the grade of any element of type 'cliscalar', 'climon', 'tensorprod',
'eradedmonom’

Calling Sequence:
grade(p);

Parameters:

p - element of one of these types: Clifford:-"type/cliscalar’, Clifford:-"type/climon’,
Clifford:-"type/tensorprod’, GTP:-"type/gradedmonom .

H Description:

e Procedure 'grade’ returns 0 of p is even and 1 if p is odd.

e When applied to homogeneous elements of the type GTP:-"type/tensorprod” or
GTP:-"type/gradedmonom’, the procedure adds the grades of individual entries. For example, the
grade of el &tel is 0 since el and e2 are odd elements, the grade of elwe2 &tel &te2 is 0,
while the grade of el &t Id is 1.

e Check also GTP:-"type/gradedodd’ and GTP:-"type/gradedeven .

H Examples:
[ > restart:with(Clifford) :with (GTP) :

| > grade (el &t el) ,grade(elwe2 &t el &t e2) ,grade(el &t Id);
Cliplus has been loaded. Definitions for type/climon and type/clipolynom now in
clude &C and &C[K]. Type ?cliprod for help.

L 0,0,1

| > grade (2*elwe2) ;

L 0

| > grade (1) ;

L 0

| > grade (elwe2we3) ;

L 1

| > grade (el &t elwe2 &t e3);

L 0

| > grade (&t (el,e2,e3,ed));

L 0

[ >

>

H See Also: GTP:-'type/gradedmonom’, GTP:-gbasis, GTP:-"type/eradedodd’, GTP:-grade,
GTP:-"&t’, Clifford:-"type/tensorprod’, GTP:-gradedprod, GTP:-"type/tensorrank’,
GTP:-"type/gradedeven’




(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last revised: December 20, 2007 /RA/BF



;J Function: GTP:-'type/gradedeven’ - define type 'gradedeven'

Calling Sequence:

type(p,gradedeven);

Parameters:

p - element of one of these types: GTP:-"type/gradedpolynom’, GTP:-"type/gradedmonom’,
Clifford:-"type/tensorprod’

H Description:

e Polynomial elements in the graded tensor product CI(B1) &t CI(B2) &t ... &t &t CI(Br) of r
Clifford algebras CI(Bi), where Bi are quadratic forms, 1<=i<=r, whose all monomial terms are of
grade 0 are by definition of type 'gradedeven’. Otherwise, if at least one monomial term is of
grade 1, the entire polynomial is of type 'gradedodd'.

e Polynomials of type 'gradedeven' form a subalgebra in the graded tensor algebra CI(B1) &t C1(B2)
&t ... &t &t CI(Br) which is isomorphic with the even subalgebra of a Clifford algebra Cl(B)
where B is an orthogonal sum of the quadratic forms B1, B2, ..., Br.

e See also GTP:-"type/gradedodd’ and GTP:-grade.

ﬂ Examples:
| > restart:with(Clifford) :with (GTP) :eval (makealiases(5)) : prolevel
:=true:

. Example 1: Some type checking.
[ > p:=el &t el + 2* (elwe2 &t e2);

pi=(el &tel)+2 (el2 &te2)

| > type (p,gradedeven) ;

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

false
> B:=linalg[diag] (1,1,1):
pl:=2*&t (elwe2,e2we3) -Pi*&t (el,e2) ;p2:=2%* (elwe2 &t
(Id-elwe3+e2we3)) ;
pl:=2(el2&te23)—mn (el &te2)

p2:=2(el2&tld)—-2(el2 &tel3)+2(el2 &tel23)
> type (pl,gradedeven) , type (p2,gradedeven) ;

true, true
> type (gradedprod (pl,p2) ,gradedeven) ;
true

Example 2: Even basis monomials form a basis for an even subalgebra of CI(B1) &t Cl(B2) &t ...
| &t &t CI(Br), while the odd basis monomials give an even basis monomial when multiplied out.




[ > dim:=2:K:=cbasis (2) :L:=gbasis (K$2) ;
L=[ld&tld Id&tel,Id &te2, Id &tel2, el &tld, el &tel,el &te2, el &tel2, e2 &tld,

i e2 &tel,e2 &te2, e2 &tel2,el2 &tld,el2 &tel,el2 &te2,el2 &tell]
| > evenmonomials:=select (type,L,gradedeven) ;

evenmonomials =

[ld&tld, Id &tel2, el &tel, el &te2,e2 &tel,e2 &te2,el2 &tld, el2 &tel?]
> oddmonomials:=select (type,L,gradedodd) ;

oddmonomials =

[ld &tel, Id &te2, el &tld, el &tel2,e2 &tld, e2 &tel2, el2 &tel,el2 &te2]
We now compute all possible products of even and odd monomials, and store them in Se and So
respectively. Then we check that the elements of Se and So are plus or minus the elements from
'evenmonomials'. In Seo we will store all products of even and odd elements. These elements
should be either plus or minus the elements from 'oddmonomials':
> Se:={}:S0:={}:Seo0:={}:
for i from 1 to nops (evenmonomials) do
for j from 1 to nops(evenmonomials) do
Se:=Se union {gprod(evenmonomials[i],h evenmonomials[j])}:
So:=So union {gprod(oddmonomials[i],oddmonomials[]j]) }:
Seo:=Seo union {gprod(oddmonomials[i], evenmonomials[j])}:
Seo:=Seo union {gprod(evenmonomials[i], oddmonomials[j])}:
end do end do:
> Se,nops(Se) ;
{e2 &te2,el &tel,el &te2,el2 &tld,el2 &tel2,—(e2 &tel),ld &tel2,ld &t 1d,
e2 &tel,—(el2 &tld), —(e2 &te2), —(ld &t 1d), —(el &tel),—(el &te2),—(Id &tel2),

—(el2 &tel2)}, 16

> So,nops(So) ;

{e2&te2, el &tel,el &te2,el2 &tld, el2 &tel2,—(e2 &tel),ld &tel2,1d &t 1d,
e2 &tel,—(el2 &tld), —(e2 &te2), —(ld &t 1d), —(el &tel),—(el &te2),—(Id &tel2),
—(el2 &tel2)}, 16

> Seo,nops (Seo) ;

{—(e2&tel2),el2 &te2,—(Id &te2),—(el &tld),ld &tel,Id &te2, el &tld, el2 &tel,
—(el2 &te2),—(ld &tel), el &tel2, e2 &tld, e2 &tel2,—(e2 &tld),—(el2 &tel),

—(el &tel2)}, 16
Now we verify that elements in Se and So are of type 'gradedeven' while the elements in Seo are
of type 'gradedodd":
> map (type, Se,gradedeven) ;

{true}
> map (type, So,gradedeven) ;

{true}

( > map (type, Seo,gradedodd) ;



I {true}
>
o L>

H See Also: GTP:-'type/gradedmonom’, GTP:-gbasis, GTP:-"type/eradedodd’, GTP:-grade,
GTP:-"&t’, Clifford:-"type/tensorprod’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-"type/gradedmonom’ - define a type 'gradedmonom'

Calling Sequence:

type(p,gradedmonom);

Parameters:

| p - element of one of these types: "*°, function, algebraic.

H Description:

e Monomial (homogeneous) elements in the graded tensor product CI(B1) &t CI(B2) &t ... &t
CI(Br) of r Clifford algebras CI(Bi), where Bi are quadratic forms, 1<=i<=r, are by definition of
type 'gradedmonom’. Thus, they are either of type Clifford:-"type/tensorprod” or they are products
of two elements, one of type Clifford:-"type/tensorprod” and one of type Clifford:-"type/cliscalar’.

e See also GTP:-"type/gradedpolynom .

H Examples:

[ > restart:with(Clifford) :with (GTP) :
| > type(el &t el,gradedmonom) ,type (Pi* (elwe2 &t el &t
e2) ,gradedmonom) ;

true, true
> type(2*&t(el,e2,e3) ,gradedmonom) ;

true
> type(2*&t(el,e2,e3)+e2we3 &t e2wel,gradedmonom) ;

false
> type(2*&t(el,e2,e3)+e2we3 &t e2wel,gradedpolynom) ;

true
> dim:=2:K:=cbasis (2) :L:=gbasis (K$2) ;

L=[ld&tld,Id &tel,Ild &te2, Id &t elwe2, el &tld, el &tel, el &te2, el &telwe?2,
e2 &tld, e2 &tel,e2 &te2, e &telwe2, elwe2 &t Id, elwe2 &t el, elwe2 &t e2,

elwe2 &t elwe? |
> map (type,L,gradedmonom) ;

| [ true, true, true, true, true, true, true, true, true, true, true, true, true, true, true, true |
[ >

L[>

H See Also: GTP:-gbasis, GTP:-'type/gradedodd’, GTP:-grade, GTP:-"&t’,
Clifford:-"type/tensorprod’, GTP:-gradedprod, GTP:-gprod, GTP:-"type/eradedeven’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-"type/gradedodd’ - define type 'gradedodd'

Calling Sequence:

type(p,gradedodd);

Parameters:

p - element of one of these types: GTP:-"type/gradedpolynom’, GTP:-"type/gradedmonom’,
Clifford:-"type/tensorprod’

H Description:

e Polynomial elements in the graded tensor product CI(B1) &t CI(B2) &t ... &t &t CI(Br) of r
Clifford algebras CI(Bi), where Bi are quadratic forms, 1<=i<=r, which contain all monomials of
grade 1 are of type 'gradedodd’.

e Polynomials of type 'gradedodd' do not form a subalgebra in the graded tensor algebra CI(B1) &t
CI(B2) &t ... &t Cl(Br). However, a product of two odd elements is even.

e See also GTP:-"type/gradedeven’ and GTP:-grade.

H Examples:

[ > restart:with(Clifford) :with (GTP) :
[ > pl:=el &t el &t e2+ 2* (el &t e2 &t e2);

pl =((el &tel)&te2)+2 ((el &te2) &te2)
> type (pl,gradedeven) , type (pl,gradedodd) ;

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

false, true
> p2:=2*&t(el,e2,e3) ; type (p2,gradedodd) ;

p2:=2((el &te2) &te3)

true
> B:=linalg[diag] (1,1,1) : type (gradedprod (pl,p2) ,gradedeven) ;

true
> dim:=2:K:=cbasis (2) :L:=gbasis (K$2) ;

L=[ld&tld,Id &tel,Ild &te2, Id &t elwe2, el &tld, el &tel, el &te2, el &telwe?2,
e2 &tld, e2 &tel,e2 &te2, e &telwe2, elwe2 &t 1d, elwe2 &t el, elwe2 &t e2,

elwe2 &t elwe? |
> map (type,L,gradedodd) ;

[ false, true, true, false, true, false, false, true, true, false, false, true, false, true, true, false |
> map (type,L,gradedeven) ;

[ true, false, false, true, false, true, true, false, false, true, true, false, true, false, false, true |




:J See Also: GTP:-'type/gradedmonom’, GTP:-gbasis, GTP:-grade, GTP:-'&t’,
Clifford:-"type/tensorprod’, GTP:-eradedprod, GTP:-eprod, GTP:-"type/gradedeven’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-"type/gradedpolynom’ - define a type 'gradedpolynom'
Calling Sequence:

type(p,gradedpolynom);

Parameters:

| p - element of one of these types: "*°, "+, 'function', or 'algebraic'.

H Description:

e Polynomial elements in the graded tensor product CI(B1) &t CI(B2) &t ... &t &t CI(Br) of r
Clifford algebras CI(Bi), where Bi are quadratic forms, 1<=i<=r, are by definition of type
'eradedpolynom’. Thus, they are linear combinations of the basis elements of the type
Clifford:-"type/tensorprod” while their coefficients are of the type Clifford:-"type/cliscalar’.

e See also GTP:-"type/gradedmonom’. Elements of type 'gradedmonom' are also of type
'gradedpolynom’.

e Elements of the type 'gradedpolynom' are multivariate polynomials used by the procedures
GTP:-gprod and GTP:-gradedprod.

ﬂExamples:

[ > restart:with(Clifford) :with (GTP) :

| > type(el &t el + 2* (elwe2 &t e2) ,gradedpolynom),
type (Pi* (elwe2 &t el &t e2) ,gradedpolynom) ;

true, true
> type(2*&t (el,e2,e3) ,gradedpolynom) ;

true
> dim:=2:K:=cbasis (2) :L:=gbasis (K$2) ;
L=[ld&tld,Id &tel,Ild &te2, Id &t elwe2, el &tld, el &tel, el &te2, el &telwe?,
e2 &tld, e2 &tel,e2 &te2, e &telwe2, elwe2 &t Id, elwe2 &t el, elwe2 &t e2,

elwe2 &t elwel |
> map (type,L,gradedpolynom) ;

[ true, true, true, true, true, true, true, true, true, true, true, true, true, true, true, true |

L >
L[>

H See Also: GTP:-type/gradedmonom’, GTP:-gbasis, GTP:-"type/gradedodd’, GTP:-grade,
GTP:-"&t’, Clifford:-"type/tensorprod’, GTP:-gradedprod, GTP:-gprod, GTP:-"type/gradedeven’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: GTP:-gradedprod - compute a graded product of elements of the type 'tensorprod',
'eradedmonom’, or 'gradedpolynom'

Calling Sequence:

gradedprod(pl,p2);
gradedprod(p1,p2,B1,B2,...,Br);

Parameters:

pl, p2 - graded polynomials of type GTP:-'type/gradedpolynom’ of rank r
B1,B2,...Br - (optional) sequence of r diagonal forms Bi, 1<=i<=r, where r is the tensor rank of
pl and p2

H Description:

e Procedure 'gradedprod' is an extension of GTP:-prod and computes a product of two graded
polynomials in the graded tensor product CI(B1) &t CI(B2) &t ... &t CI(Br) of r Clifford algebras
CI(B1), CI(B2), ..., CI(Br). In particular, it can handle also monomials.

e When the optional sequence is used, Clifford products are computed component-wise on
homogeneous elements in CI(B1), CI(B2), ..., Cl(Br) with a help of the procedure GTP:-cmulB.
However, the Z2-gradation is taken into consideration in order to assure, for example, that
elements of the type el &t 1 and 1 &t el belonging to CI(B1) &t Cl(B2) anticommute.

e For more information how multiplication is defined on homogeneous elements in the graded
tensor product CI(B1) &t CI(B2) of two Clifford algebras CI(B1) and CI(B2) see GTP:-gprod.
This definition is extended to tensors of higher ranks and then to non-homogeneous tensors by
linearity.

e When the optional sequence is not used, the default bilinear form B is applied. Thus, in this case,
the r products will be computed in r different copies of CI(B).

e The ranks of pl and p2 must be the same. They can be found with GTP:-tensorrank.

H Examples:
{ > restart:with(Clifford) :with (GTP) :eval (makealiases(5)) : prolevel

:=true:
. Example 1:
[ > B:=linalg[diag] (1,-1,-1,-1):
| > type (el &t e2,tensorprod),
type (2* (el &t e3) ,gradedmonom),
type (2*&t (el,e2,e3) ,gradedmonom) ;
type((el &t e2) + b* (el &t e2) +e2 &t e3,gradedpolynom) ;

true, true, true

L true
> gradedprod (el &t e2 &t e2,el &t e2 &t e2) ;tensorrank (%) ;




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

—((Id &t Id) &t Id)

3
| > gradedprod((el + e2) &t e2 &t Id,el &t e2 &t Id);tensorrank (%)

((Id &t 1d) &t Id) — ((el2 &t Id) &t Id)

L 3
[ > p:=a*(Id &t Id &t e2)-3*(elwe2 &t e2 &t e2wel )+b*4* (Id &t e2
&t el) -
Id &t elwe2 &t elwe2;
p=a((ld&tld)&te2) -3 ((el2&te2) &te2l)+4b((ld&te2)&tel)

L —((ld&tel2) &tel2)
| > type (p,gradedpolynom) ; tensorrank (p) ;

true
3
> rl:=gradedprod(-a*p,2*p) ;
rl=2a ((Id&t1d) &t1d)+ 12 a* ((el2 &te2) &tel)— 16 a* b ((1d &t e2) &tel2)

+16 a ((Id &t1d) &t1d)— 48 a b ((el2 &t1d) &t e2) —32 a b* ((Id &t Id) &t Id)

+16ab((ld&tel)&tel)
[ > tensorrank(rl);

L 3
| The results from 'gradedprod' may be collected using GTP:-gcollect:
| > gcollect(rl) ;

2a(8+a>—16b%)((I1d &t 1d) &t1d)—48 a b ((el2 &t Id) &t e2)

+12d° ((el2&te2) &tel)—16a° b ((Id &te2) &tel2)+16ab ((I1d &tel) &te2)

Example 2: In Example 1, r1 is an element of C(B) &t CI(B) &t CI(B) which is Z2-isomorphic
with CI(3B) where 3B is a quadratic form of signature (3,9). Now use different quadratic forms in
each component. For example, consider p defined above as an element of the algebra CI(B) &t

| CI(B1) &t CI(B2) where B1 and B2 are defined below.

[ > Bl:=1linalg[diag] (-1,1,-1,1) :B2:=1inalg[diag] (1,1,-1,1):

| Now, we compute the graded product of p with p. Notice, that the result 12 is different than rl:

| > r2:=gradedprod(p,p,B,B1l,B2);
r2=a" ((Id &t 1d) &t1d) + 6 a ((el2 &te2) &tel)+8ab ((Id &te2) &tel2)

— 10 ((Id &t Id) &t 1d) —24 b ((el2 &t Id) &t e2) — 16 b ((1d &t Id) &t Id)

+8b((ld&tel) &te2)
| > gcollect(r2) ;

(=10 +a>— 16 b*) ((1d &t Id) &t Id) — 24 b ((el2 &t1d) &te2) + 6 a ((el2 &te2) &tel)
+8ab((Id&te2)&tel2)+8b((Id&tel) &te2)




| Example 3: Some more computations.
| > p:=gradedprod(el &t e2,e2 &t elwe2-2*Pi*cos(alpha)*elwe2 &t Id
- (a+b) / (a-b) *e2wel &t el);

a(e2&tel2) b(e2&tel2)
a—b a—-b

p=—(el2&tel)—2mcos(a)(e2 &te2)—

> gcollect (p) ;
(a+b)(e2&tel2)
a—b

—(el2 &tel)—2mcos(a) (e2 &te2) —
> pl:=&t(-Pi*cos(alpha) *el,e2-e2wel, Id,2%el) ;
p2:=&t(Id,el-3* (a-b)/ (a+c) *elwe2,e2wel,l) ;
pl:=-2mncos(a) (((el &te2)&tld)&tel)+2mcos(a) (((el &te2l) &tld) &tel)
3(a-b)(((ld&tel2) &te2]l) &t 1)

a+c

p2:=(((Id &tel)&te2l) &t1)—

> tensorrank (pl) , tensorrank (p2) ;

4, 4
> r3:=gradedprod(pl,p2,B2,B1,B,B2);

6mcos(a)a(((el &tel)&tel2)&tel)

a+c

r3:=2mncos(a)(((el &tel2)&tel2)&tel)+

~ 6mcos(a)b(((el &tel)&tel2)&tel)

—2mcos(a) (((el &te2)&tel2)&tel)

a+c
6mcos(a)a(((el &tld)&tel2)&tel) 6mcos(a)b(((el &tld)&tel2)&tel)
- +
a+c a+c

> gcollect(r3);
6mcos(a)(a—>b)(((el &tld) &tel2) &tel)

a+c

—2mcos(a) (((el &te2)&tel2)&tel) -

6mcos(a)(a—>b)(((el &tel)&tel2)&tel)
" a+c

i +2mcos(a) (((el &tel2) &tel2) &tel)
| Thus, element r3 belongs to an algebra Z2-isomorphic with C1(B2,B1,B,B2), that is, CI(B3) where
| B3 is a quadratic form of signature (9,7).

>
>
H See Also: GTP:-'type/eradedmonom’, GTP:-gbasis, GTP:-"type/eradedodd’, GTP:-grade,
GTP:-"&t’, Clifford:-"type/tensorprod’, GTP:-"type/tensorrank’, GTP:-"type/gradedeven’

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last revised: December 20, 2007 /RA/BF




;J Function: Octonion:-oversion - display information about the current version of the 'Octonion'
package

Calling Sequence:
oversion();

Parameters:

| no parameters needed
H Description:
e Procedure 'oversion' displays information about the current version of the 'Octonion' package.

e The 'Octonion' package must be loaded after the 'CLIFFORD' package has been loaded.
Therefore, in order to avoid confusion with the procedure Clifford:-version, this procedure is
called 'oversion'.

e To display 'CLIFFORD' and 'Octonion' environmental variables, use procedure
Clifford:-CLIFFORD_ENWV.

e To multiply octonionic matrices, see Clifford:-rmulm.

H Examples:
| > restart:with(Clifford) :with (Octonion) ;
[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

oversion, purevectorpart, realpart |
[ > version(); #current version of CLIFFORD

e A 2 e S S L S o i e ol SO R
CLIFFORD - A Maple 11 Package for Clifford Algebras with "Bigebra"
(Version 10 with environmental variables given by CLIFFORD ENV/())
Last revised: December 20, 2007 (Source file: clifford M11 08.mws)
Copyright 1995-2008 by Rafal Ablamowicz (*) and Bertfried Fauser ($)

(*) Department of Mathematics, Box 5054
Tennessee Technological University, Cookeville, TN 38505
tel: USA (931) 372-3569, fax: USA (931) 372-6353
rablamowicz@tntech.edu
http://math.tntech.edu/rafal/Cliff8/
(8) Universit"at Konstanz, Fachbereich Physik, Fach M678
78457 Konstanz, Germany
Bertfried. Fauser@uni-konstanz.de
http://kaluza.physik.uni-konstanz.de/~fauser/




If you are a Clifford algebra pro, assign 'true'to ' prolevel' and see
how much faster your computations will be! But watch your syntax!
Use 'useproduct' to change value of _default Clifford product in CI(B) from
cmulRS when B is symbolic to cmulNUM when B is numeric. Type ?cmul for help.
Type CLIFFORD ENV/() to see current values of environmental variables.

i ++++-++++++++This is CLIFFORD version 11++++++++++++
[ > oversion(); #current version of Octonion

s L e e o e B o L R
'‘Octonion’ - A Maple 11 Package for Computations with Octonions (version 11)
Last revised: December 20, 2007
Copyright 1995-2008, by Rafal Ablamowicz, Tennessee Technological University
Department of Mathematics, Box 5054
Tennessee Technological University, Cookeville, TN 38505
phone: USA (931) 372-3569, fax: USA (931) 372-6353
e-mail: rablamowicz@tntech.edu

http://math.tntech.edu/rafal/
A e e e o o ek ek S oS

>
>
HSeeAlso:m

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last modified: December 20, 2007, RA/BF.




EJ Function: Octonion:-setup - the initialization procedure for the package 'Octonion'

Calling Sequence:

none

Parameters:

| none
H Description:

e Procedure 'setup' is the initialization procedure for the 'Octonion' package. It is executed
automatically when the package is loaded.

o At the time of loading, the following are defined:

- &0’ - infix form for omul, the octonionic multiplication

- octbasis =[Id, el, €2, e3, e4, e5, e6, e7] - standard octonion basis as Maple global variable in
CI1(0,7)

- _pureoctbasis = [el, €2, €3, e4, e5, €6, €7] - pure octonion basis as Maple global variable in
CI1(0,7)

- default Fano_ triples =[[1,3,7],[1,2,4],[1,5,6],[2,3,5],[2,6,7].[3.,4,6],[4,5,7]] - default Fano
triples that define octonionic multiplication

- default squares = [-1d, -1d, -1d, -Id, -1d, -Id, -1d] - default squares of the pure octonionic basis

e To see all environmental variables that are defined and used by 'CLIFFORD', use procedure
Clifford:-CLIFFORD_ENWV.

e All procedures and types in 'Octonion' are protected.

ﬂ Examples:

[ > restart:with(Clifford) :with (Octonion) :
[ > CLIFFORD ENV() ;

">>> Global variables defined in Clifford:-setup are now available and have the

se values: <<<°
R I I I b I I I S S b b Y Start KAk kA Ak Ak ),k k) )%

dim V = 9

_default Clifford product = Clifford:-cmulNUM

_prolevel = false

_shortcut in minimalideal = true

_shortcut _in Kfield = true
shortcut in spinorKbasis = true

:shortcut_in_spinorKrepr = true
_warnings flag = true

_scalartypes = {constant, RootOf, "*°, complex, indexed, numeric, function, rat
ional, mathfunc}
quatbasis = [[Id, e3we2, elwe3, e2wel], { Maple has assigned gi:=-e2we3, gj:=e

Twe3, gk:=-elwe2  }]




Shkkkkkkkkkk kK End LR S S b b b

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

">>> Global variables defined in Cliplus:-setup are now available and have thes

e values: <<<°
Shkkok ok ok ok ok ok ok ok ok ok Start *hkhkkhkkkkhkhkkkhx

macro (Clifford:-cmul = climul)

macro(Cllfford -cmulQ = climul)

macro (- &c = climul)

macro ( &cQ" = climul)

macro (Clifford:-reversion clirev)
(

macro (Clifford:-LC = LCbigqg)
macro (Clifford:-RC = RCbig)

‘Warning, new definitions for type/climon and type/clipolynom now include &C°
Shkkok ok ok ok ok ok ok ok ok ok End ok Kk Kk khkkKhkhkxKhkxx

ShkkkkkkkkkkkKx Start khkkkkkkhkhkhkkk k>

">>> There are no new global variables or macros in GTP yet. <<<°
ShkAhkhkk Kk khkkk kK End LR R S R S i

">>> Global variables defined in Octonion:-setup are now available and have the
se values: <<<°

Shkkkkkkkkkk kK Start khkkkkrkkkhkhkkk k>

_octbasis = [Id, el, e2, e3, ed4, eb, e6, e7]

_pureoctbasis = [el, e2, e3, e4, e5, e6, e7]

_default Fano triples = [[1, 3, 7], [1, 2, 4], [1, 5, 6], [2, 3, 5], [2, 6, 7],
(3, 4, 61, [4, 5, 7]]

_default squares = [-Id, -Id, -Id, -Id, -Id, -Id, -Id]

default Clifford product = Clifford:-cmulNUM

T**‘k*****‘k**** End LR S S I b b

>
(>

H See Also: “type/Fano_triples’, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last modified: December 20, 2007, RA/BF.




;J Function: Octonion:-associator - returns the associator value of three octonions,
Octonion:-commutator - returns the commutator value of two octonions
Octonion:-Phi - associative 3-form of three octonions

Calling Sequence:

associator(p1,p2,p3);
commutator(pl,p2);
Phi(pl,p2,p2);

Parameters:

pl, p2, p3 - polynomials of type 'octonion’
ﬂ Description:
e The associator of three octonions pl, p2, and p3 is defined as:

associator(pl,p2,p3) = (pl &o p2) &o p3 - pl &o (p2 &o p3).

e The commutator of two octonions pl and p2 is defined as:

commutator(pl,p2) = pl &o p2 - p2 &o pl.

e The associative 3-form Phi of three octonions is defined as:
Phi(p1,p2,p3) = (1/2)*realpart(pl &o (p2_bar &o p3) - p3 &o (p2_bar &o pl))
where p2_bar = o_conjug(p2).

e For information about type 'octonion' see "type/octonion .

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,
L oversion, purevectorpart, realpart |
> pl:=1-2*el+ed+3*eb-e7;p2:=2-el+e3+2*eb-e7;p3:=2*e2+e3+3*e5-e€6;
pl=1-2el+e4+3e6—-e7
p2=2—-el+e3+2eb6—e7

L p3=2e2+e3+3e5—eb
> type (pl,octonion) ; type (p2,octonion) ; type (p3,octonion) ;
Cliplus has been loaded. Definitions for type/climon and type/clipolynom now in
clude &C and &C[K]. Type ?cliprod for help.




true
true
true

| Octonion multiplication is not associative:
| > associator(pl,p2,p3):

L —8el-2e2+20e3+14e4d—-6e5—-2eb6+24e7
| However, when pl, p2, and p3 are considered as elements in the Clifford algebra C1(0,7), which is
| associative, we get:
| > (pl &c p2) &c p3 - pl & (p2 &c p3);
0
> commutator (pl,p2) ;

2el —4e2+2e3+6ed+4e5—-2e6—4¢e7
> Phi(pl,p2,p3);

0>

H See Also: Clifford:-"&c’, def _omultable, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: December 20, 2007, RA/BF.




;J Function: Octonion:-associator - returns the associator value of three octonions,
Octonion:-commutator - returns the commutator value of two octonions
Octonion:-Phi - associative 3-form of three octonions

Calling Sequence:

associator(p1,p2,p3);
commutator(pl,p2);
Phi(pl,p2,p2);

Parameters:

pl, p2, p3 - polynomials of type 'octonion’
ﬂ Description:
e The associator of three octonions pl, p2, and p3 is defined as:

associator(pl,p2,p3) = (pl &o p2) &o p3 - pl &o (p2 &o p3).

e The commutator of two octonions pl and p2 is defined as:

commutator(pl,p2) = pl &o p2 - p2 &o pl.

e The associative 3-form Phi of three octonions is defined as:
Phi(p1,p2,p3) = (1/2)*realpart(pl &o (p2_bar &o p3) - p3 &o (p2_bar &o pl))
where p2_bar = o_conjug(p2).

e For information about type 'octonion' see "type/octonion .

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,
L oversion, purevectorpart, realpart |
> pl:=1-2*el+ed+3*eb-e7;p2:=2-el+e3+2*eb-e7;p3:=2*e2+e3+3*e5-e€6;
pl=1-2el+e4+3e6—-e7
p2=2—-el+e3+2eb6—e7

L p3=2e2+e3+3e5—eb
> type (pl,octonion) ; type (p2,octonion) ; type (p3,octonion) ;
Cliplus has been loaded. Definitions for type/climon and type/clipolynom now in
clude &C and &C[K]. Type ?cliprod for help.




true
true
true

| Octonion multiplication is not associative:
| > associator(pl,p2,p3):

L —8el-2e2+20e3+14e4d—-6e5—-2eb6+24e7
| However, when pl, p2, and p3 are considered as elements in the Clifford algebra C1(0,7), which is
| associative, we get:
| > (pl &c p2) &c p3 - pl & (p2 &c p3);
0
> commutator (pl,p2) ;

2el —4e2+2e3+6ed+4e5—-2e6—4¢e7
> Phi(pl,p2,p3);

>
>

H See Also: Clifford:-'&c’, def_omultable, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: December 20, 2007, RA/BF.




;J Function: Octonion:-def omultable - define octonionic multiplication table

| > omultable(); #default multiplication table

Calling Sequence:
def omultable(F);

Parameters:

| F-alistoftype "Fano_triples’
H Description:

Procedure 'def omultable' allows user to define an octonionic multiplication table which could be
different than the default one.

The default multiplication table is initialized at the time when the 'OCTONION' package is being
loaded. It can also be re-defined by issuing the following command:

>def omultable(_default Fano_triples);

where default Fano triples is a global list with default Fano triples. See "type/Fano_triples® for
more information.

Use omultable to display currently defined multiplication table.

Use Clifford:-CLIFFORD_ENYV to display current environmental variables used by 'CLIFFORD'
and 'Octonion’.

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

oversion, purevectorpart, realpart |

—Ild e4 e7 —e2 e6 —-e5 —e3
—e4d —Id e5 el -e3 e7 —eb
—e7 —e5 —-Id e6 e2 —ed el
e2 —el —e6 -—Id e7 e3 —e5
—e6 e3 —e2 —e7 —-Id el ¢4
eS —e7 e4d —e3 —el -Id e2
Le3 e6 —el e5 —-e4d —e2 -Id]

| For example, we get the first row as follows:

> seq(el &o el |i,i=1..7);
—1Id, e4, e7, —e2, e6, —e5, —e3

| The second row we get as follows:

> seq(e2 &o el |i,i=1..7);
—e4,—1d, e5, el, —e3,e7,—eb



| and so on.

[ > omultable () ;

|l define a new table.

[ > omultable () ;

—1d
—e4
—e7
e2
—eb
ed
L e3

+11,[4,5,711;

> omultable () ;

[ —1d
—e4
ed
e2
—e3
—e7
eb

_ >

eb

e4

ed
e3

| Multiplication table can be erased as follows:
[ > subsop (4=NULL,eval (omul)) :

e4
—el

—-ed
e’
—Id
—eb
el
ed
—e2

ﬂ See Also: “type/Fano_triples’, omultable, omul

—e2

ed

true

[ > def omultable (new_Fano_triples) ;

—e2

ed

t which is a different multiplication table than before.

eb
—e3

el

e7
—Id
—el
—e4

| However, the following is another valid list of Fano triples:
| > new_Fano_triples:=[[6,2,5],[6,3,4],[6,7,1]

| Finally, we re-initialize the table using the default Fano triples:
| > _default Fano_triples;
[[1,3,7],[1,2,4],[1,5,6],[2,3,5],[2,6,7],[3,4,6],[4,5,7]]
[ > def omultable(_default Fano triples);

-ed
e’
—e4
e3
el
—Id
—e2

Octonion multiplication table is not currently defined. Use 'def omultable' to

,[2,3,71,13,1,5]1,[2,4

new_Fano_triples :=[[6,2,5],[6,3,4],[6,7,1],[2,3,7],[3,1,5],[2,4,1],[4,5,7]]
> type (new Fano triples,Fano triples);

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
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;J Function: Octonion:-"type/Fano _triples’ - a list of lists used to define octonionic multiplication
table

Calling Sequence:
type(F,Fano _triples);

Parameters:
F - a list of lists

H Description:

o A list of lists F is of type 'Fano _triples' if:
(1) the list F contains seven lists F1, F2, F3, F4, F5, F6, and F7;
(2) each of the seven lists F1, ... , F7 contains three integers from the set {1,2,3,4,5,6,7};
(3) each of the seven integers {1,2,3,4,5,6,7} appears in exactly three of the seven lists F1, ..., F7.

o A default list of Fano triples is stored in a global list _default Fano triples.

e A valid list of seven Fano triples may be used to label seven points and seven lines in the Fano
plane F 2.

e The set of integers {1,2,3,4,5,6,7} is used because we use {el,e2,e3,e4,e5,e6,e7} for the pure
octonion basis.

o If[i,j,k] is one of the seven valid Fano triples F1, ..., F7, then:
(1) omul(ei,ej) = ek, omul(ej,ek) = ei, omul(ek,ei) = ¢j;
(2) omul(ej,ei) = -ek, omul(ek,ej) = -e1, omul(ei,ek) = -¢j;

e The default multiplication table is initialized at the time when the 'Octonion' package is being
loaded. It can also be re-defined by issuing the following command:

>def omultable(_default Fano_triples);

where default Fano triples is a global list with default Fano triples. See "type/Fano_triples’ for
more information.

e Use omultable to display currently defined multiplication table.
e See omul for octonionic multiplication.

e To display all environmental variables used by 'CLIFFORD' and 'Octonion' packages, use
Clifford:-CLIFFORD_ENV.

H Examples:
> restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

oversion, purevectorpart, realpart |




| > _default Fano_triples;#default Fano triples
L L, 3,71,11,2,41,[1,5,61,[2,3,5],[2,6,7],[3,4,6],[4,5,7]]
| For example, the first list implies the following about {e1,e3,e7}:
[ > 'omul (el,e3) '=omul (el,e3); 'omul (e3,e7) '=omul (e3,e7) ; 'omul (e7,el
) '=omul (e7,el) ;
Octonion:-omul(el, e3) =e7
Octonion:-omul(e3, e7) = el
Octonion:-omul(e7, el ) = e3

[ and
[ > 'omul (e3,el) '=omul (e3,el) ; 'omul (e7,e3) '=omul (e7,e3) ; 'omul (el, e’

'=omul (el,e7);
Octonion:-omul(e3, el ) = —e7
Octonion:-omul(e7, e3) = —el
Octonion:-omul(el, e7) = —e3
and so on.

| However, the following is another valid list of Fano triples:

[ > new Fano triples:=[[6,2,5],[6,3,4],[6,7,1]1,12,3,7]1,13,1,5]1,[2,4

+11,04,5,711;

L new Fano triples :=[[6,2,5],[6,3,41,[6,7,11,[2,3,7],[3,1,5],[2,4,1],[4,5,7]]

| > type (new_Fano_triples,Fano_triples);

true

| while the following is not:

| > another Fano_ triples:=
[(4,2,51,[6,3,41,16,7,1],12,3,7],13,1,5]1,[2,4,1],14,5,711;

another Fano_triples :=
[[4,2,5],[6,3,4],[6,7,1],[2,3,7],[3,1,5],[2,4,1],[4,5,7]]

| > type (another Fano triples,Fano_ triples);

false

| The reason is that '4' appears in four lists.
>

H See Also: def omultable, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
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EJ Function: Octonion:-o_conjug - octonionic conjugation in the octonionic algebra
Calling Sequence:

o_conjug(o);

Parameters:

o - expression of the type 'octonion’

H Description:

e Procedure 'o _conjug' computes octonionic conjugation in the octonionic algebra:
o _conjug(x0 + x) = x0-x

e where x0 is a real number and x = x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*€7.

e Conjugation is an anti-automorphism of the octonionic algebra. This means that o _conjug(ol &o
02) = o0_conjug(o2) &o o_conjug(ol).

¢ For information about type 'octonion' see "type/octonion'.

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

L oversion, purevectorpart, realpart |
[ > ol:=x0+add (x| |i*e]||i,i=1..7);

ol =x0+xlel+x2e2+x3e3+x4ded+x5e5+x6eb6+x7e7
> 02:=y0+add(y]| |i*e]| |i,i=1..7);

02 =y0+ylel+y2e2+y3ed+yded+ySeS+y6eb6+y7e’
> L:=o_conjug (omul (ol,02)):

Cliplus has been loaded. Definitions for type/climon and type/clipolynom now in
L clude &C and &C[K]. Type ?cliprod for help.

[ > R:=omul (o_conjug(o2) ,o0_conjug(ol)):
[ > simplify (L-R) ;

L 0

| Any octonion ol times its conjugate is a scalar:

| > olinv:=o_conjug(ol) ;

L olinv:=x0—xl el —x2e2 —x3e3—x4e4d—x5e5—x6e6—x7e7
[ > ol &o olinv;

x1? Id +x2° Id + x3° Id + x4° Id + x5° Id + x6° Id + x7° Id + x0° Id
> realpart (%) ;

L xI?+x2* 4 x3 + xB + x52 + x6° + x7F + x0°
| Since octonions are treated as paravectors in the Clifford algebra C1(0,7), octonionic conjugate of

| any octonion can be obtained also by taking grade involution:
.




> gradeinv(ol) ;
x01d—xlel —x2e2—-x3e3—x4ed—x5e5—x6eb6—x7e7
{ However, grade involution in CI1(0,7) is not an antiautomorphism of C1(0,7): it is an automorphism

of C1(0,7). Note: in the above output, the unit element in CI(0,7) is denoted as 'Id'.
>

ﬂ See Also: omul, oinv, Clifford:-q conjug, Clifford:-conjugation, Clifford:-gradeinv, realpart

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
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;J Function: Octonion:-'type/octonion” - type octonion

Calling Sequence:
type(p,octonion);

Parameters:
| p - an expression of type 'algebraic'

H Description:

e Any polynomial p expressible as follows

p = x0+x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*e7 or p =
x0*[d+x1*el+x2*e2+x3*e3+x4*e4+x5*e5+x6*e6+x7*e7

is of type 'octonion'.

e The unit element in the octonion algebra may be entered as 1 or as 'Id". In some computations 'Id'
will be returned.

e Use omultable to display currently defined multiplication table.

e See omul for octonionic multiplication.

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,
L oversion, purevectorpart, realpart |

> pl:=1-2*e2+ed+e5+4*eb-e7;

pl=1-2e2+ed+e5+4eb6—e7
> type (pl,octonion) ;

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

true
> p2:=pl+e8;

p2=1-2e2+ed+e5+4eb6—e7+e8
> type (p2,octonion) ;

L false
o L>

H See Also: def omultable, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: December 20, 2007, RA/BF.




EJ Function: Octonion:-oinv - symbolic inverse in the octonionic division ring
Calling Sequence:
oinv(o);

Parameters:

o - expression of the type 'octonion’

H Description:

Procedure 'oinv' calculates a symbolic inverse of any non-zero octonion. Recall that octonions
form a non-associative, non-commutative division ring.

For information about type 'octonion' see "type/octonion’.

Note that any of the following is an illegal entry: 1/e1, e1(-1), etc.

Recall that octonionic product can be computed with the procedure omul.

ﬂ Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,
L oversion, purevectorpart, realpart |
| > ol:=1-2*el+3*e3+ed-eb+e7;

ol =1-2el+3e3+e4d—eb6+e7
> p:=el+e2;pinv:=oinv(p);
p=el +e2

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

) el e?
nyi=———"—"—"
p 2 2

> omul (p,pinv) ;
Id

> olinv:=oinv(ol); #inverse of ol

1 2el 3e3 e4 e6 e7
olinv:="_+ - ——
17 17 17 17 17 17

> omul (olinv,o0l); #checking that olinv is the inverse of ol

1d
> 02:=x0+add (x| |i*e]| |i,i=1..7);

02 =x0+xlel +x2e2+x3e3+x4ed+x5e5+x6eb6+x7e7
> o2inv:=oinv(02) ; #symbolic inverse of o2

x0

o2iny ;=
x0? +x1% +x2° + x3* + x4* + x5° + x6* + x7*




x1 el

- x07 +xI* + x2* + x3* + x4” + x5° + x6" + x7°
x2e2

- X0 +xI* + x2* + x3* + x4” + x5° + x6" + x7°
x3 e3

- X0 +xI* + x2* + x3* + x4” + x5° + x6" + x7°
x4 e4

x0° +xI” +x2° +x3° + x4 + x5+ x6° +x7°
x5 es

- X0+ xI? +x22 +x3 +x4* + x5+ x6" +x7”
x6 eb

- xO* +xI* +x22 +x3 + x4* + x5 + x6" +x7”
x7e7

L x0° +x1? +x2% + x3* + x4* + x5° + x6” +x7*
[ > omul (02,02inv) ;

i Id
_L>

H See Also: onorm, omul, def omultable, omultable

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last modified: December 20, 2007, RA/BF.




;J Function: Octonion:-omul - octonion product in the octonion non-associative division ring and its
infix form '&o'

Calling Sequence:

omul(o1,02,...0on);
ol &0 02 &0 ... &0 on;

Parameters:

| ol,02,..,on - expressions of the type 'octonion'
H Description:

e Procedure 'omul' and its infix form '&o' give the octonion product in the non-associative division
ring of octonions.

¢ Octonions are considered here as para-vectors in the Clifford algebra CI(0,7), that is, any
expression of the form

x0 + x1*el + x2*e2 + x3*e3 + x4*e4 + x5*e5 + x6*eb + x7*e7

where x0, x1, ..., x7 are real numbers, is of type 'octonion'. See "type/octonion’ for more
information.

e The basis elements for the octonion algebra are {1,el,e2,e3,e4,e5,e6,e7} (sometimes 'ld" is
returned instead of '1'). They are collected in a global variable ' octbasis'. The basis elements
{el,e2,e3,e4,e5,e6,e7} give pure octonions and are collected in a global variable pureoctbasis.

e To display environmental variables from CLIFFORD and Octonion, use
Clifford:-CLIFFORD_ENV.

e The infix form is given by "&o’, e.g., omul(el,e2) = el &o e2. Remember that 'omul' is
non-associative!

e QOctonionic inverse is computed with oinv.

e To speed up computations, set the global variable prolevel to 'true'. To find out more, see help
page on Clifford:-cliparse.

e To see the default multiplication table try omultable and to define your own octonionic
multiplication see def omultable.

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;
[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

L oversion, purevectorpart, realpart |
| The following is the default octonionic multiplication table:
[ > omultable () ;




~Id e4 e7 —-e2 e6 —e5 -—e3

eS —e7 e4d —-e3 —-el -Id e2
le3 e6 —el e5 —ed —e2 -IdJ
> ol:=1-2*el+3*e3+ed-eb+e’7;

ol =1-2el+3e3+ed—eb6+e7

> 02:=2+e3-4*eb+te7;

02:=2+e3—-4eb6+e7
> type (ol,octonion) ,type (02,octonion) ;
Cliplus has been loaded. Definitions for type/climon and type/clipolynom now in
clude &C and &C[K]. Type ?cliprod for help.

true, true
> omul (o0l,02) ;
L —6ld—2el+5e3+13e4—-Teb6+e7—9e5+3e2
| Octonionic multiplication is not commutative:
| > ol &0 02;

| —6Ild—2el+5e3+13e4—-Te6+e7—9e5+3e2
[ > 02 &o ol;
L —6Ild+9e3—-5e6+5e7—6el+9e5—9e4—-3e2
| 'We show now that it is not associative either:
[ > (el &o e2) &o e3;
—eb
> el &o (e2 &o e3);
eb
> 03:=2-3%*el+eb-e7;
03 =2-3el+e5—¢e7
> (ol &o o02) &o o03;
—8ld+16el —21e2+2e3+43e4+10e5—-40e6+36e7
> ol & (02 &o 03);
—8Ild+6el +47e2+8e3+5e4—18e5—-38e6+38¢e7
The difference between (o1 &o 02) &0 03 and ol &o (02 &0 03) is measured by an associator, or
| see associator:
[ > associator(ol,o02,03);
i 10el —68e2—-6e3+38e4+28e5—2e6—-2e7
| The difference between 01 &0 02 and 02 &o ol is measured by a commutator, or see commutator:
[ > commutator (ol,o02);

de]l]—4e3+22e4d—-2e6—-4e7—18e5+6¢2

>



:l See Also: Clifford:-version, oinv, def _omultable, omultable

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: December 20, 2007, RA/BF.



;J Function: Octonion:-omultable - display current octonionic multiplication table

Calling Sequence:

omultable();

Parameters:

no parameters needed

H Description:

Procedure 'omultable' displays current octonionic multiplication table or returns a message
informing that the table has not been defined.

When the Octonion package is loaded, the default multiplication table is initialized. This default
table is defined by a default list of Fano triples (see "type/Fano_triples’) which are stored in a
global variable default Fano triples.

To see environmental variables used in 'CLIFFORD' and 'Octonion', see procedure
Clifford:-CLIFFORD_ENWV.

The multiplication table is displayed in a form of a 7 by 7 matrix such that its (i,j)-entry, i,j=1,...,7,
gives the octonion product of ei and ej, that is, the product ei &o e;j.

Recall that the elements of the pure octonion basis {el,e2,e3,e4,e5,e6,e7} are stored in a global
list _pureoctbasis.

To speed up computations, procedure 'omul', which gives the octonionic product (see omul) has a
remember table. This remember table can be erased using the command
subsop(4=NULL,eval(omul)).

Octonionic multiplication can be re-defined by the user using the procedure def omultable.

H Examples:

> restart:with(Clifford) :with (Octonion) ;
[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

oversion, purevectorpart, realpart |
> oversion() ;

e A 2 e S S L S o i e ol SO R
'‘Octonion’ - A Maple 11 Package for Computations with Octonions (version 11)
Last revised: December 20, 2007
Copyright 1995-2008, by Rafal Ablamowicz, Tennessee Technological University
Department of Mathematics, Box 5054
Tennessee Technological University, Cookeville, TN 38505
phone: USA (931) 372-3569, fax: USA (931) 372-6353



e-mail: rablamowicz@tntech.edu
http://math.tntech.edu/rafal/

+4+++++++ -+
[ > omultable () ;

—Id e4 e7 —e2 e6 —-e5 —e3
—e4d —Id e5 el —-e3 e7 —eb
—e7 —e5 —-Ild e6 e2 —ed el
e2 —el —e6 -Id e7 e3 —e5
—e6 e3 —e2 -e7 -Id el e4
eS —e7 e4d —-e3 —el -Ild e2
| lLe3 e6 —el e5 —ed —e2 -IdJ
| For example, we get the first row as follows:
| > seqg(el &o el |i,i=1..7);

—Id, e4, e7,—e2, e6, —e5, —e3

| The second row we get as follows:
| > seq(e2 &o el |i,i=1..7);

—ed,—Id, e5, el, —e3, e7, —eb

| and so on.

| Multiplication table can be erased as follows:
[ > subsop (4=NULL,eval (omul)) :

[ > omultable () ;

Octonion multiplication table is not currently defined. Use 'def omultable' to
L define a new table.

| When the multiplication table has been erased, computations still can be performed using the
approach described in Pertti Lounesto's 'Clical'. In fact, the default multiplication table is the one
| used by Lounesto's. However, they will take longer to accomplish. For example:
[ > £f:=(x,y)->x &0 y;
L f=(xy)>x&oy
| > L:=[el,e2,e3,e4,e5,e6,e7];
L:=[el,e2, e3,e4,e)5,eb,e7]

> map2(f,el,L);

map2 (f,e2,L) ;

map2 (f,e3,L) ;

map2 (£,e4,L) ;

map2 (f£,e5,L) ;

map2 (f,e6,L) ;

map2 (f,e7,L) ;

[—1d, e4, e7, —e2, e6, —e5, —e3 ]
[—e4,-Id, e5, el, —e3, e7,—eb6 ]
[—e7,—e5, —Id, e6, e2, —e4, el |




[e2,—el, —e6,—1d, e7, e3,—e5 ]
[—e6, e3, —e2, —e7,—1Id, el, e4]
[e5,—e7, e4,—e3, —el, —1d, e2]
L [e3,e6,—cl,e5, —ed,—e2,—1d]
>
| which yields the same result as before.

| Finally, we re-initialize the table using the default Fano triples:

| > default Fano triples;
[[1,3,7],[1,2,4],[1,5,6],[2,3,5],[2,6,7],[3,4,6],[4,5,7]]
[ > def omultable(_default Fano_triples);

[ > omultable () ;

—Ild e4 e7 —e2 e6 —-e5 —e3
—e4d —Id e5 el -e3 e7 —eb
—e7 —e5 —-Ild e6 e2 —e4d el
e2 —el —e6 -—Id e7 e3 —e5
—e6 e3 —e2 —e7 —-Id el ¢4
eS —-e7 e4d —-e3 —el -Ild e2
Le3 e6 —el e5 —-e4d —-e2 -Id]

>
| [ Thus, the table has been re-initialized.

ﬂ See Also: “type/Fano_triples',def omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last modified: December 20, 2007, RA/BF.




;J Function: Octonion:-onorm - norm of an octonion
Calling Sequence:
onorm(o);

Parameters:

o - expression of the type 'octonion’

H Description:

e Procedure 'onorm' calculates norm of an octonion o. It is defined as follows:
onorm(o) = sqrt(o &o o_conjug(0)) = sqrt(x0"2+x 142+ x2"2+x3"2+x4"2+x5"2+x6"2+x7"2)

where o0 = x0+x1*el+x2*e2+x3*e3+x4*ed+x5%e5+x6*e6+x7*e7, and x0,x1,...,x7, are real
parameters.

e Recall that octonionic product can be computed with the procedure omul or with its infix form
‘&o’.

e For information about type 'octonion' see "type/octonion .

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

L oversion, purevectorpart, realpart |
| > ol:=1-2*el+3*e3+ed-eb+e7;

ol =1-2el+3e3+ed—e6+e7
> onorm(ol); #norm of ol

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

, 17

[ > 02:=2-3*ed+e5+4*eb6-e7;
02 =2-3ed+e5+4e6—e7

31

> onorm(o2) ;

| Theorem [The Eight-Square Identity]
The norm in the octonion algebra is a ring homomorphism.

> ol:=x0+xl*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*eb6+x7*e7;

ol =x0+xlel +x2e2+x3e3+x4ed+x5e5+x6eb6+x7e7
> 02:=y0+yl*el+y2*e2+y3*e3+yd*ed+y5*eS5+yb*eb+y7*e’7;

02:=y0+ylel+y2e2+y3e3+yded+y5eS+y6e6+y7e7



" We will now verify that
onorm(ol &o 02) = onorm(ol) * onorm(o2).

> factor (onorm(ol &o o02));

«/()/42 +y§2 +y72 +yO2 +y62 +y32 +y22 +y12) (xO2 +x3 4 x27 +x4> +x6° +xI° +x5° +x72)
> onorm(ol) *onorm(o2) ;

L «/)COZ+x32+x22+x42+x62+x12+x52+x72 «/)/42+y52+y72+)/02+y62+y32+y22+y12
>

ﬂ See Also: oversion, omul, oinv, def_omultable, omultable

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last modified: December 20, 2007, RA/BF.




;J Function: Octonion:-associator - returns the associator value of three octonions,
Octonion:-commutator - returns the commutator value of two octonions
Octonion:-Phi - associative 3-form of three octonions

Calling Sequence:

associator(p1,p2,p3);
commutator(pl,p2);
Phi(pl,p2,p2);

Parameters:

pl, p2, p3 - polynomials of type 'octonion’
ﬂ Description:
e The associator of three octonions pl, p2, and p3 is defined as:

associator(pl,p2,p3) = (pl &o p2) &o p3 - pl &o (p2 &o p3).

e The commutator of two octonions pl and p2 is defined as:

commutator(pl,p2) = pl &o p2 - p2 &o pl.

e The associative 3-form Phi of three octonions is defined as:
Phi(p1,p2,p3) = (1/2)*realpart(pl &o (p2_bar &o p3) - p3 &o (p2_bar &o pl))
where p2_bar = o_conjug(p2).

e For information about type 'octonion' see "type/octonion .

H Examples:
[ > restart:with(Clifford) :with (Octonion) ;

[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,
L oversion, purevectorpart, realpart |
> pl:=1-2*el+ed+3*eb-e7;p2:=2-el+e3+2*eb-e7;p3:=2*e2+e3+3*e5-e€6;
pl=1-2el+e4+3e6—-e7
p2=2—-el+e3+2eb6—e7

L p3=2e2+e3+3e5—eb
> type (pl,octonion) ; type (p2,octonion) ; type (p3,octonion) ;
Cliplus has been loaded. Definitions for type/climon and type/clipolynom now in
clude &C and &C[K]. Type ?cliprod for help.




true
true
true

| Octonion multiplication is not associative:
| > associator(pl,p2,p3):

L —8el-2e2+20e3+14e4d—-6e5—-2eb6+24e7
| However, when pl, p2, and p3 are considered as elements in the Clifford algebra C1(0,7), which is
| associative, we get:
| > (pl &c p2) &c p3 - pl & (p2 &c p3);
0
> commutator (pl,p2) ;

2el —4e2+2e3+6ed+4e5—-2e6—4¢e7
> Phi(pl,p2,p3);

0>

=] See Also: Clifford:- &c', def_omultable, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
| Last modified: December 20, 2007, RA/BF.




;J Function: Octonion:-realpart - returns real part of any octonion,
Octonion:-purevectorpart - returns pure vector part of any octonion

Calling Sequence:

realpart(p);
purevectorpart(p);

Parameters:

| p - apolynomial of type 'octonion’
H Description:

e Any octonion p is expressible as

p= x0+x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*e7 or p =
x0*Id+x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*e7

where x0, x1,..., X7, are real parameters.

¢ For information about type 'octonion' see "type/octonion'.

e The part x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*e7 of p is referred to as the 'pure vector
part' of p.

e The coefficient x0 is referred to as the 'real part' of p.

e Procedure 'realpart’ is similar to Clifford:-scalarpart.

H Examples:
| > restart:with(Clifford) :with (Octonion) ;
[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

L oversion, purevectorpart, realpart |
| > pl:=1-2*el+ed+3*eb-e7;

pl =1-2el+e4d+3eb6—-e7
> type (pl,octonion) ;

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

L true
> realpart(pl);
L 1
> scalarpart(pl);
1

> purevectorpart(pl) ;

—2el +ed+3e6—e7

L >



:l See Also: def omultable, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: December 20, 2007, RA/BF.



;J Function: Octonion:-realpart - returns real part of any octonion,
Octonion:-purevectorpart - returns pure vector part of any octonion

Calling Sequence:

realpart(p);
purevectorpart(p);

Parameters:

| p - apolynomial of type 'octonion’
H Description:

e Any octonion p is expressible as

p= x0+x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*e7 or p =
x0*Id+x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*e7

where x0, x1,..., X7, are real parameters.

¢ For information about type 'octonion' see "type/octonion'.

e The part x1*el+x2*e2+x3*e3+x4*ed+x5*e5+x6*e6+x7*e7 of p is referred to as the 'pure vector
part' of p.

e The coefficient x0 is referred to as the 'real part' of p.

e Procedure 'realpart’ is similar to Clifford:-scalarpart.

H Examples:
| > restart:with(Clifford) :with (Octonion) ;
[ D, associator, commutator, def omultable, o _conjug, oinv, omul, omultable, onorm,

L oversion, purevectorpart, realpart |
| > pl:=1-2*el+ed+3*eb-e7;

pl =1-2el+e4d+3eb6—-e7
> type (pl,octonion) ;

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

L true
> realpart(pl);
L 1
> scalarpart(pl);
1

> purevectorpart(pl) ;

—2el +ed+3e6—e7

L >



:l See Also: def omultable, omultable, omul

(c) Copyright 1995-2008, by Rafal Ablamowicz & Bertfried Fauser, all rights reserved.
Last modified: December 20, 2007, RA/BF.



| Examples of using package RJgrobner.

Procedures encoded in this package represent a 'naive' programming effort to understand various
Groebner theory algorithms presented in the book "Ideals, Varieties, and Algorithms," by David Cox,
John Little, and Donal O'Shea, Second Edition, Springer-Verlag, New York, 1997.

[ > restart:
| > with (RJgrobner) ;

RJgrobner Version 7 (19 vi 2008) at your service

(c) 2003-2008 RA&JL, sorry, no warranty for anything!

Load SINGULARPLURALlink for interface with Singular:Plural
(c) 2003-2008 RA&BF

[ Beziercubic, Gbasis, GbasisL, GreatestCommonDivisor, IntersectionOfldeals,
LeastCommonMultiple, ProductOfldeals, QuotientOfldeals, RJversion, RadicalMembership,
Spoly, SumOfideals, completelyreducedGbasis, condition, condition2, condition3, curvature,
homogenize, implicitBeziercubic, maxdegree, maxmindegree, maxtotaldegree, minimalGbasis,

reducedGbasis, reducepol, reduction |
>
| 0: Procedure RJversion gives version of the package.

i > RJversion() ;
e o S e s S L o L
RJgrobner - A Maple 11 Small Package for Grobner Bases
Last revised: June 19, 2008 (Source file: RJgrobner M11 _07.mws)
Copyright 2006-2008 by Rafal Ablamowicz (*) and Jane Liu ($)

(*) Department of Mathematics, Box 5054
Tennessee Technological University, Cookeville, TN 38505
tel: USA (931) 372-3622, fax: USA (931) 372-6353
rablamowicz(@tntech.edu
http://math.tntech.edu/rafal/

($) Department of Civil and Environmental Engineering
Tennessee Technological University, Cookeville, TN 38505
tel: USA (931) 372-3256, fax: USA 372-6239
Jliu@tntech.edu
http://math.tntech.edu/rafal/

L ++++++++++++This is RIgrobner for Maple 11 version 7++++++++++++
>
‘ 1. Procedure 'reducepol' reduces the given polynomial by dividing it by its content, that is, it returns



the polynomial divided by the greatest common divisor of its coefficients:

Usage:
reducepol(f);

> £:=2*x*3-6*x"2-10;

f=2x-6x"-10
> reducepol (f) ;

X -3x -5

>
2. Procedure Spoly computes an S-polynomial for any two monomials/polynomials specified as the
i-th entry F[i] and the j-th entry F[j] in the list F, a basis of some ideal I, for the given monomial order
T entered as the third argument, for example, plex(t,z,y,x) or lexdeg([x],[y,z]) (see below). It computes
the remainder of the division of the S-polynomial with respect to the basis F of I specified as the
second argument. The procedure normally returns an updated basis for the ideal. If used with a fourth
optional parameter 'spoly’, it returns the S-polynomial only.

Recall that Maple uses these term orders:

- tdeg(v_1....,v_p) to denote a total degree order

- wdeg([w_1,...,w_p],[v_1,...,v_p]) to denote a weighted degree order
- plex(v_1,...,v_p) to denote a pure lexicographic order

- lexdeg([v_1,....,v_p],[w_1....,w_q]) to denote an elimination order

- 'matrix'(mat,[v_1,...,v_p]) to denote a matrix-defined term order

- user(P, L) or user(P, Q, L) to denote a user-defined term order.

Usage:
Spoly(1,2,F,plex(t,z,y,x),'spoly");
Spoly(1,2,F,lexdeg([t],[z,y.x]));

[ > F:=[2*x"3*y-x"2*y*3+7 ,3*x"4*y-x"2*y*4+5 ,2*x 2%y 4-x+T*y ,x"2-x*y+2]
nops (F) ;
FFﬂ2fy—x%;+Z3fy—x%ﬁ+i2x%ﬁ—x+fmf—xy+ﬂ
4
| > Spoly(1,2,F,plex(x,y), 'spoly');
reducepol (%) ;

—3x3y3+21x+2x2y4—10



L —3x3y3+21x+2x2y4—10
> Spoly(1,2,F,plex(x,y));

[2x3y—x2y3+7,3x4y—x2y4+5,2x2y4—x+7y,x2—xy+2,88x—28y—3xy+63y2—40
L]

| > nops (%) ;

>

3. Procedure "Gbasis" computes a Groebner basis for the given ideal I generated by some polynomials
[f1,£2,...,fr] entered as the first argument F with respect to some monomial order T entered as the
second argument. It uses procedure Spoly to compute the S-polynomials S(fi,fj), 1 <=1 <], and then
the remainder of the division of S(fi,fj) with respect to the list F and the selected monomial order. If
the reminder is not zero, the list F gets updated by the reminder. If the reminder is zero, the list is not
changed. This way, the S-polynomials are computed and then reduced w.r.t. to F until every
S-polynomial for any two polynomials in S produces a zero remainder when reduced. Then, the
procedure returns a Groebner basis for the ideal I for the given monomial order.

1

Usage:
Gbasis(F,plex(t,z,y,x));
Gbasis(F,lexdeg([x],[y,z]));

: > Gbasis (F,plex(x,y))
[2x3y—x2y3+7,3x4y—x2y4+5,2x2y4—x+7y,x2—xy+2, 88x—28y—3xy+63y2—40,
2728 x + 898 y — 1932 y* + 1231,
865560 y + 706456 y* + 637069 — 4622162 y° — 157542 y* — 5859 3,
112128 y + 88887 y* + 80020 — 583730 y° — 19530 y*,
6656082 y + 726523 y* + 5284040 — 22540875 1°,

47540260193012 y — 276085314055082 y2 + 8530431030265,

L —236570502466204574 y — 84218989678651503, 1]
| > G:=Gbasis (F,lexdeg([x],[y]))

G:=[2x3y—x2y3+7,3x4y—x2y4+5,2x2y4—x+7y,x2—xy+2,
88 x—28 y—3xy+63 )" —40, 2728 x + 898 y — 1932y + 1231,
865560 y + 706456 »* + 637069 — 4622162 y° — 157542 3" — 5859 )°,
112128 y + 88887 »* + 80020 — 583730 ° — 19530 »*,

6656082 y + 726523 y* + 5284040 — 22540875 °,

47540260193012 y — 276085314055082 y2 + 8530431030265,
—236570502466204574 y — 84218989678651503, 1 ]

>
‘ 4. Procedure GbasisL eliminates from a Groebner basis G entered as a first argument those



polynomials which contain variables specified in a list L entered as the second argument. Thus,
GbasisL returns a Groebner basis for the i-th elimination ideal by returning an intersection of any
Groebner basis in n variables entered as the first argument with a ring of polynomials in the remaining
{(i+1),...n} variables.

Usage:
GbasisL(G,[t]);

r > GbasisL (G, [x]) ;

[865560 y + 706456 »* + 637069 — 4622162 y° — 157542 3" — 5859 °,
112128 y + 88887 »* + 80020 — 583730 y° — 19530 )",
6656082 y + 726523 y* + 5284040 — 22540875 1,

47540260193012 y — 276085314055082 y” + 8530431030265,

L —236570502466204574 y — 84218989678651503, 1]

>

| 5. Procedure minimalGbasis computes a minimal Groebner basis from the given Groebner basis G
(first argument) and for the given monomial order T (second argument).

Usage:
minimalGbasis(Gx,plex(z,y,x));
minimalGbasis(Gx,lexdeg([z],[y,x]));

: > G:=Gbasis (F,plex(x,y));
minimalGbasis (G,plex(x,y))

G:=[2x3y—x2y3+7,3x4y—x2y4+5,2x2y4—x+7y,x2—xy+2,
88x—28y—3xy+63y2—40,—2728x+898y— 1932y2+ 1231,
865560 y + 706456 »* + 637069 — 4622162 y° — 157542 y* — 5859 )°,
112128 y + 88887 »* + 80020 — 583730 ° — 19530 »*,

6656082 y + 726523 y° + 5284040 — 22540875 °,

47540260193012 y — 276085314055082 ° + 8530431030265,

—236570502466204574 y — 84218989678651503, 1]

L [1]

>

| 6. Procedure reducedGbasis computes a reduced Groebner basis from the given minimal Groebner
basis Gmin (first argument) and for the given monomial order T (second argument).

Usage:
reducedGbasis(G,plex(z,y,x));




[ > G:=Gbasis (F,plex(x,y));
reducedGbasis (G,plex (x,y)) ;

G = [2x3y—x2y3+7, 3x4y—x2y4+5,2x2y4—x+7y,x2—xy+2,
88 x—28y—3xy+631°—40, 2728 x + 898 y — 193217 + 1231,
865560 y + 706456 y* + 637069 — 4622162 ° — 157542 * — 5859 )°,
112128 y + 88887 »* + 80020 — 583730 y° — 19530 )",

6656082 y + 726523 y* + 5284040 — 22540875 1,
47540260193012 y — 276085314055082 y* + 8530431030265,
—236570502466204574 y — 84218989678651503, 1]

[1]

i 7. Procedure completelyreducedGbasis computes a completely reduced Groebner basis from the given
reduced Groebner basis Gred (first argument) and for the lex order T (second argument).

Usage:
completelyreducedGbasis(reducedGx,plex(z,y,x));

: > G:=Gbasis (F,plex(x,y));
completelyreducedGbasis (G,plex(x,y)) ;

G:=[2x3y—x2y3+7,3x4y—x2y4+5,2x2y4—x+7y,x2—xy+2,
88 x—28 y—3xy+63 ) — 40,2728 x + 898 y — 1932y + 1231,
865560 y + 706456 »* + 637069 — 4622162 y° — 157542 3" — 5859 )",
112128 y + 88887 »* + 80020 — 583730 y° — 19530 »*,

6656082 y + 726523 1 + 5284040 — 22540875 °,

47540260193012 y — 276085314055082 y* + 8530431030265,

—236570502466204574 y — 84218989678651503, 1]

i [1]

>

' 8. Procedure 'condition' computes a polynomial that gives a normal line to a planar curve defined
implictly as f1 = f1(x0,y0) = 0 at a point (x0,y0).

Usage:
f3:=condition(f1);

> £:=x072+y042-2;
condition (f) ;
f:=x02+y02—2
xy0—x0y




| > £:=x072*b*2+y0*2*a*2-a*2*b"2;
condition (f) ;

f= x0* b* -|-y02 a—d b
L xy0a2—x0y0a2—x0b2y+x0b2y0
>
" 9. Procedure 'condition2' computes a polynomial that gives a normal line to a planar curve defined
parametrically X = X(t) and Y = Y(t) via two polynomials of't.

Usage:
For example, we can define Bezier cubic parametrically as

Xe=simplify(((1-t)"3*x1+3*t*(1-t)"2*x2+3*t"2*(1-t)*x3+t"3*x4));
Y:=simplify(((1-t)"3*y 14+3*t*(1-t)"2*y2+3*t"2*(1-t)*y3+t"3*y4));

and an equation of a circle of radius r located at a point (X,Y) on the cubic as
£3:=(y-Y)"2+(x-X)"2-1"2;

where (X,y) represent coordinates of a point on the circle. Then

f4:= condition2(X,Y);

will be a polynomial that gives the equation of a normal line to the cubic. Polynomial f4 will contain
variables x,y and t.

> X:=simplify (((1-t)A3*x1+3%t* (1-t) A2*x24+3%tA2% (1-t) *x3+t~3*x4)) ;
Y:=simplify (((1-t)A3*yl+3%t* (1-t) A2%y2+3*%£A2% (1-t) *y3+t~3*y4)) ;

Xi=xI-3x1t+3x1—xI+3tx2—-6Lx2+3Lx2+3Fx3-3Lx3+1 x4

i Y=yl =3yl t+3yl £ =yl £ +3ty2— 6L y2+30y2+3Fy3-30y3+1 14

| > f4:=condition2 (X,Y);

A =(x—xI+3x1t-3xIF+xIF-3tx2+6Fx2-30x2-30x3+30x3—1 x4)
(BxI+6xIt—-3xIF£+3x2-121x2+9F8x2+6tx3-9Fx3+31 x4)+
(y=yI+3y1t=3ylF+yl £ =31y2+618y2-30y2-3Fy3+3Fy3—1 y4)
(3yl+6ylt-3yl £ +3y2-121y2+9Fy2+61y3-97 y3+3 1 y4)

>

10. Procedure 'condition3' computes coordinates x,y,z, of a point located along a line normal to the

surface defined parametrically as X=x(s,t), Y=y(s,t), Z=z(s,t) with a running parameter u along the

line.
Usage:




X:=2*sin(s)*cos(t);
Y :=2*sin(s)*sin(t);
Z7:=2%*cos(s);

condition3(X,Y,Z2);

[ > X:=2*sin(s) *cos (t);
Y:=2*sin(s) *sin(t) ;
Z:=2*cos (s) ;

condition3(X,Y,Z);

X =2 sin(s) cos(t)
Y :=2sin(s) sin(?)
Z:=2cos(s)

x — 4 usin(s)* cos() — 2 sin(s) cos(t), y — 4 u sin(s )’ sin(¢) — 2 sin(s) sin(¢),
L z—4u cos(s) cos(t)’ sin(s) — 4 u cos(s) sin(¢)” sin(s) — 2 cos(s)
>
| 11. Procedure 'maxdegree' computes a total degree of the given multivariate polynomial f for the given
monomial order T.

Usage:

f:=2%x*y+2/2-wh5;
maxdegree(f,plex(X,y,z,w));

[ > £:=2*x*y+z°2-w"5;

maxdegree (f,plex(x,y,z,wW));
maxdegree (f,plex(w,z,y,x));
maxdegree (f,plex(z,y,x,w));

f?2xy+f—w;

>
| 12. Procedure 'maxtotaldegree' computes a maximum total degree of the given multivariate
polynomial f. It uses any monomial order T just to sort monomials in f. That is, this procedure returns
a maximum total degree of all monomials. This procedure is by 'homogenize'.

Usage:




f:=2%x*y+z"2-w"5;
maxtotaldegree(f,plex(x,y,z,w));

[ > £:=2*x*y+z*2-w"5;

maxtotaldegree (f,plex(x,y,z,wW)) ;
maxtotaldegree (f,plex(w,y,z,x)) ;
maxtotaldegree (f,plex(x,z,y,wW));
maxtotaldegree (f,plex(w,y,2z,x));

f:=2xy+22—w5

5
5
5
L 5
>
| 13. Procedure 'maxmindegree' returns the highest and the lowest degree of all monomials appearing in

a multivariate polynomial f. It uses any monomial order T to just sort monomials in f. That is, this
procedure returns the maximum and the monimum total degree of all monomials in f a list.

Usage:

f:=2%x*y+z"2-w"5;
maxmindegree(f,plex(x,y,z,w));

[ > £:=2*x*y+z°2-w"5;
maxmindegree (f,plex(x,y,z,w))
maxmindegree (f,plex(w,z,y,x))
maxmindegree (f,plex(x,z,y,wW)) ;
maxmindegree (f,plex(x,y,w,2z)) ;
f:=2xy+zz—w5

[5,2]

[5,2]

[3,2]
L [35,2]
>
14. Procedure 'homogenize' homogenizes polynomial f for the given order T using a new
indeterminate 'h' entered as the last argument. Of course, order here is not important: Any T will yield
the same homogeneous polynomial.
Usage:

£:=2%*x*y+z"2-w"5;



homogenize(f,plex(x,y,z,w),h);

> f£:=2*x*y+z*2-w"5;
f:=2xy+22—w5
> homogenize (f,plex(x,y,z,w)  h);
homogenize (f,plex(w,z,y,x)  h);
2xy P+ 0 —w
2xy P+ 0 —w
>
15. Radical membership algorithm (page 176 in Cox et al.)

Given:
1. Polynomial fin k[x1,x2,...,xn]
2. Polynomials f1,f2,...,fs that generate ideal I will be entered as a list F = [{1,£2,....fs]

Algorithm:

1. Compute reduced Groebner basis GB for the ideal J = <f1,12,...,fs, 1-y*f> with respect to any
ordering, ex., plex(t,y, x1,x2,...xn).

2. Check whether GB = {1} or not. If GB = {1} then f belongs to radical of I; otherwise f does not
belong to radical of L.

Usage:

fli=x*y"2+2%y"2;
£2:=x"4-2*x"2+1;
F:=[f1,£2];

fi=y-x"2+1;
RadicalMembership(f,F);

[ > £fl:=x*y"*2+2*y*2;
£2:=x74-2*x"2+1;
F:=[£f1,£2];
fi=y-x*2+1;
RadicalMembership (f,F) ;
f1 :=y2x+2y2
ﬂ:=x4—2x2+l
F:=[y2x+2y2,x4—2x2+l]
f:=y—x2+1
true




C >
| 16. Computation of f red, or, the reduction of f per Proposition 12 on page 179 in Cox et al..

Given:

1. A field k that contains the rational numbers, e.g., R, C.
2. Polynomial f in the ring k[x1,x2,x3] that generates a principal ideal I = <f>.

Algorithm (formula on page 179):

1. Compute GCD(f, f1, £2,..., fn) where fi is the derivative of f w.r.t. xi, i=1,...,n.
Recall that GCD(f, f1, f2,..., fn) can be computed as follows:

GCD({, f1, f2,..., fn) = GCD(GCD(GCD(GCD(f,{1),12),£3),.....fn)

NOTE: Here we use Maple's Gecd command instead of defined below GreatestCommonDivisor.
2. Divide f/GCD(f, f1, 12,..., fn).

Usage:

fi=(x+2*y)"3*(2*x-y+z2)"6*(x+z"2)"3;
| reduction(f);
[ >
[ > f:=(x+2*y) *3* (2*x-y+2z) *6* (x+2°2) *3;
reduction (£f) ;
3
f=(x+2y)Y Qx—y+2)° (x+2°)

2x3+2x222+3yx2+x22+3xy22+x23+2xyz—2y2x+2y23—2y222

>
17. Computation of a sum I + J of ideals I = <f1,f2,....fr>and J = <gl,g2,...,gs> as in Cox et al.

Given:

1. Polynomials f1,12,....fr entered as a list F that generate ideal I = <f1,f2,...,fr> and polynomials
gl,g2,...,gs entered as a list G that generate ideal J = <gl,g2,...,gs>.

Algorithm:

1. Return a list [f1,12,...,fr, gl,g2,...,gs] that generates | + J = <f1,2,...,fr, gl,g2....,gs> per Proposition
2 on page 181.

f1:=2*x"3+y"2%z;




f2:=2%x"2*y o +y 2*2*X;
gli=-x*y*z+y 2*7*x"5;
g2:=-y"3*7"3+y"2*7z"3*x;
F:=[seq(f]}i,i=1..2)];
G:=[seq(glj.;=1.2)];
| SumOfldeals(F,G);
>
[ > £1:=2*x"3+y"2*z;
£2:=2*x*2*y*6+y*2*z*x;
gl:=-x*y*z+y*2*z*x*5;
g2:=-y"3*zA3+y*2*z”3*x;
F:=[seq(f]||i,i=1..2)];
G:=[seq(gll3,j=1..2)];
SumOfIdeals (F,G) ;
fl1:=2 X +y2 z

12 :=2x2y6+xyzz

gl :=—xyz+x5yzz

g2 = —y3 z +xy2 z

F = [2x3+yzz,2x2y6+xyzz]
G:= [—xyz+x5yzz, —y3 z +xy223]

L [2x3 +y22, 2x2y6+xy22, —xyz+x5y22, —y3z3 +xy223]
>
18. Computation of a product I . J of ideals | = <f1,f2,....fr> and J = <gl,g2....,gs> as in Cox et al.
Given:

1. Polynomials f1,f2,...,fr entered as a list F that generate ideal I = <f1,f2,...,fr> and polynomials
gl,g2,...,gs entered as a list G that generate i1deal J = <gl,g2,...,gs>.

Algorithm:

1. Return a list [F[i] * G[j]], i=1..r, j=1..s, that generates I . J per Proposition 6 on page 183 in Cox et
al..

Usage:

f1:=2*x"3+y"2%*z;
f2:=2%x"2*y o +y 2*z*X;
gli=-x*y"3*z+y 2*7*x"5;
g2:=-y*7"\3+y 2* 7z 3*x;
F:=[seq(f]]i,i=1..2)];




G:=[seq(g[[.j=1.2)];
ProductOfldeals(F,G);

[ > £f1:=2*x"3+y"*2*z;
£2:=2*x"2*y*6+y*2*z*x;
£f3:=z-x"6+y*4;

gl :=-x*y*3*z+y”2*z*x"*5;
g2:=-y*z"3+y*2*z”3*x;
F:=[seq(f||i,i=1..3)];
G:=[seq(gllj,j=1..2)];
ProductOfIdeals(F,G) ;

f1 :=2x3+y22
f2:=2x2y6+xyzz
f3:=z—x6+y4

gl :=—xy3z+x5y22
g2 :=—yz3+xyzz3
FFﬂ2xtU312fyﬂhmﬂzz—f+yﬁ
G:=[—xy3z+x§y24—yz3+xyzf]
[—2x4y3z+2x8yzz—xyszz+x5y4zz,—2x3yz3+2x4y223—y3z4+y4xz4,
—2x3ygz+2x7ygz—y5x222+x6y4z2,—2y7z3x2+2x3y823—xy3z4+x2y4z4,
32,522 73 12 7 5.6
XY Z+x Y I +x yz-x yz-yxz+zxy,
L —yz4+x)gz4+x6yz3—x7y223—}§z3+x}ﬁzﬁ
>
19. Computation of an interesection I cap J of two ideals I = <f1,f2,...,fr>and J = <gl,g2,...,gs> as in
Cox et al.

Given:

1. Polynomials f1,12,....fr entered as a list F that generate ideal I = <f1,f2,...,fr> and polynomials
gl,g2.....gs entered as a list G that generate ideal J = <gl,g2,...,gs>.

Algorithm (see page 186):

1. Compute a Groebner basis GB for the ideal <t*fl,...,t*fr,(1-t)*gl,...,(1-t)*gs> in k[x1,x2,...,xn,t]
with respect to a lex order in which t > x1 >x2 > ... >xn.

2. Return only those polynomials from the list GB which do not contain t, that is, belong to the ring

k[x1,x2,...,xn,t].

fl:=x"2*y;




gli=x*y"2;

F:=[f1];

G=[gl];
IntersectionOfldeals(F,G);

[ > fl:=x"2*y;

gl:=x*y*2;

F:=[£f1];

G:=[gl];

IntersectionOfIdeals (F,G) ;
fl:=yx2
glzzygx
Fi=[yx]
G =)y x]

[x* ']

7> £1,£2,£3:=x"2*y+2*x*y"6,-y+2*x ,x-y*6+z*y*x;

gl,g2:=2*x*y*4-z*y*3,z-x"6+z*y;

F,G:=[f1,£2,£3], [g1,q2];

IntersectionOfIdeals (F,G) ;

jlflﬁ%Zyx2+2y€n2x—ggx—y6+xyz
gl, g2 :=2y4x—y3z,z—x6+yz
F}GF=bu3+2ygn2x—jgx—y6+xyzL[fo—qﬁzz—x6+yz]

322y +2048 2 y” +2048 ' ' — 16 17 2" + 1024 )’ 22 + 4160 2 y'* + 1024 2° ' — 65 2° )?

y y y y y y y y
+4160zy° —82 Y +51222y +512 2y +1536 22y - 24 2%y’ + 1536 2, 8 27 )
—5122%y’ =512 )"0+ 1984 2" + 2048 2y + 2%y’ —64 2y + 627 )’ - 384 )0 - 3220
—38422y"°—768 22y + 12 2% )’ =768 27 ), 854768756768 y° x 2° — 27352600216576 " =
— 34870853624 2° 1 + 2231734631936 z* 1’ + 2231734631936 z* 1'* — 9748605128768 z y'°
+ 152321955137 2° )° — 37101205345344 z y° + 240970008198 =’ ) — 15422080524672 z* 3’
— 15422080524672 z* y'° — 824797152000 2° »'* + 12887455500 z* y° — 824797152000 2 y°,
10598131136 2” y° — 678280392704 z* ) — 678280392704 z* y'° — 1736249037185 y° z
—12592168716032 z y'* + 3472498074370 " x + 196752636188 z° ° — 12592168716032 z y’
+ 175084938144 2" y* — 11205436041216 2° y° — 11205436041216 z* y'° — 5831822691328 2° '°
+91122229552 2% — 5831822691328 2° 1°, 427384378384 )° x* z* — 6838150054144 1° =
— 28778902512 2° y° + 1841849760768 z* y° + 1841849760768 z* y'* + 4251469221696 z '
— 6838150054144 y z — 66429206589 z° 1’ + 4251469221696 z 1 — 78868179184 2" )’

+ 5047563467776 2y’ + 5047563467776 2> y'° + 6235349547264 2° y'° — 97427336676 2°




>

+ 6235349547264 27 1°, 106846094596 x> y° 2° + 6850790808 z° ) — 438450611712 z* )’

— 438450611712 % y'% + 556676946624 z y'* — 854768756768 ' z — 8698077291 z°

+ 556676946624 z ’ — 854768756768 1° z + 12492991033 2’ y° — 799551426112 2%y’

— 799551426112 2% »'° — 658297977472 2° y'° + 10285905898 z* 1 — 658297977472 2* )/,
106846094596 x”* ° 2> — 427384378384 1° z + 139448480 z° y° — 8924702720 z* )’

— 8924702720 z* y'° — 1050949617856 z y'° + 16421087779 z° y* — 1050949617856 z

— 427384378384 )° z + 3338243240 2’y — 213647567360 2> )’ — 213647567360 z* "
+207760734720 2° »'° — 3246261480 z° 1 + 207760734720 2* y°, 3419075027072 x° y° =

— 6838150054144 y° z + 56122313208 2° ° — 3591828045312 z* )’ — 3591828045312 z* "

+ 8128391397440 z y'* — 6838150054144 * z — 127006115585 z° ) + 8128391397440 z °

— 288055318022 2 ) + 18435540353408 21’ + 18435540353408 z* »'° + 1378480128768 z° "
— 21538752012 2%y’ + 1378480128768 2° y°, 1736249037185 x° y — 1532473104 2° y°

+ 98078278656 z* 1 — 1736249037185 1° z + 98078278656 z* y'* + 17051500950208 z »'°

— 266429702347 z° y* + 17051500950208 z y” — 1736249037185 y z — 51869080116 z' y°
+3319621127424 2y’ + 3319621127424 2* »'° — 3468166451008 2° »'° + 54190100797 2*
— 3468166451008 z° 1°, —266429702347 z° ° — 51869080116 z ) + 54190100797 2*

— 1532473104 2° * + 17051500950208 z y° + 3319621127424 2> )’ — 3468166451008 z° 3’

+ 98078278656 z* 1’ + 17051500950208 z y'* + 3319621127424 z* y'° — 3468166451008 2> '
+ 98078278656 z* y'* — 3472498074370 x z — 3472498074370 x y z + 3472498074370 x|

20. Computation of a LCM of two multivariate polynomials f and g by computing interesection I cap J
of two ideals I = <f> and J = <g>. Then, we know from Proposition 13 on page 187 in Cox et al.

that I cap J is generated by the LCM(f,g).

Given:

1. Polynomials f and g whose LCM is to be computed in some polynomial ring k[x1,x2,...,xn].
Algorithm (see page 187):

1. Let I = <f>and J = <g>. Compute a Groebner basis GB for the intersection I cap J, which is a
principal ideal generated by the LCM(f,g) using our procedure IntersectionOfldeals.

2. Return the only generator for the interesection I cap J which is the LCM of fand g.

Usage:

fi=x"2*y;



g:=x*y"2;
LeastCommonMultiple(f,g);

:> f:=factor (x"2*y+2*x-y) ;

g:=factor (x*y*2+x*5-y*3*x) ;

LCMfg:=factor (LeastCommonMultiple (£f,qg)) ;
f=yxX’+2x-y
g=x(’+x"-)")

L LCMfg =x (yxX* +2x-y) O +x* =)

>

| 21. Computation of a GCD of two multivariate polynomials f and g by using formula (2) on page 187

rather than built into Maple procedure Ged.

Given:
1. Polynomials f and g whose GCD is to be computed in some polynomial ring k[x1,x2,...,xn].
Algorithm (see formula (2) on page 187):

1. Let I = <f>and J = <g>. Compute LCM(f,g) using procedure LeastCommonMultiple defined
above.
2. Return the ration (f*g)/LCM(f,g).

Usage:

f:i=x"2*y;
g:=x*y"2;
GreatestCommonDivisor(f,g);

:> f:=factor ((x*2*y+2*x-y) * (x*2-y*2)) ;
g:=factor ( (x*y*2+x*5-y*3*x) * (x-y) ),
LCMfg:=factor (LeastCommonMultiple (£f,qg)) ;
GCDfg:=GreatestCommonDivisor (f,qg) ;
simplify (f*g - LCMfg*GCDfqg) ;
[=@x +2x-p) (x=p) (x+)
g=x(V+x' =p") (x-y)
LCMfg =x (yx" +2x=y) (x=p) (x+3) (" +x" =)
GCDfg :=x—-y
0

>
| 22. Computation of the ideal quotient I : J of two ideals [ = <f1,2,....fr> and J = <gl,g2,...,gs> using



an algortihm described on page 194 as in Cox et al..

Given:

1. Polynomials f1,12,...,fr entered as a list F and polynomials gl,g2,...,gs entered as a list G.
Algorithm is as follows:

1. Compute a basis for [ : <gi> for each 1 = 1,..., s, using Theorem 11. Thus,

STEP 1, we first compute a Groebner basis H[i]i = {hl,...,hp} for I cap <gi>, i=1,..., s, using
IntersectionOfldeals procedure defined above.

STEP 2 Then, a basis for I : <gi>is Hg[i] = {h1/gi,...,hp/gi}, i=1,...,s.

2. STEP 3: Compute a basis for I : J by applying formula (5) on page 193 s - 1 times as explained on
page 194.

f1:=2%x"3+y"2%z;
f2:=2%x"2*y o +y 2*2*X;
gli=-x*y"3*z+y"2*7*x"5;
g2:=-y*7"\3+y"2*7"3*x;
g3:=x*y*z-z"3*x;
F:=[seq(f][1,i=1..2)];
G:=[seq(gllij=1..DI;
QuotientOfldeals(F,G);

> £f1:=2*x"3+y"2*z;
£2:=2*x"2*y" 6+yr2*z*x;
gl:=-x*y*3*z+y*2%z*x*5;
g2:=-y*z"3+y*2*z”3*x;
g3:=x*y*z-z*3*x;
F:=[seq(f||i,i=1..2)];
G:=[seq(gll3,j=1..1)];
QuotientOfIdeals (F,G) ;

f1 :=2x3+yzz
=2+ zx
g]:==—xy3z+yzzx5
g2?=fyz3+}923x
gSnyz—fx
FY=[2x3+)92,2x2y6+y22x]
G:=[—xy3z+yzzx5]



L [4yM—Z{xz+2fﬂ2}Ax+z;y6+f]

>

| 23. Procedure 'Beziercubic' defines a random Bezier cubic in parametric form [X = X(t), Y = Y(t)]. It
returns functions X(t) and Y(t) as expressions followed by a list of coordinates of four control points
of type list(list), in that order. It can be used to create a random Bezier cubic by calling it as

Beziercubic(r)

where r is a range, e.g., -3..5, in which random integer coordinates of four control points [x1,y1],
[x2,y2], [x3,y3], [x4,y5] must be contained. If r is a llist of four lists as in [[x1,y1], [x2,y2], [x3,y3],
[x4,y5]], then these coordinates are used for the control points. In either case, the list [[x1,y1], [x2,y2],
[x3,y3], [x4,y5]] is returned as the third item in the output with X and Y being, respectively, the first
and the second item in the output.

> X,Y,pp:=Beziercubic(-3..5);
for i from 1 to 3 do
PL| |i:=plot([pp[i],pp[i+1l]],style=line,color=blue):
end do:
PP:=plot(pp,x=-3..5,y=-3..5,style=point,color=black, symbol=cross) :

BC:=plot([X,Y,t=0..1]):
plots:-display({PP,BC,PLl1,PL2,PL3},title="Random Bezier cubic’);

XY, pp=-3+6t+61-12¢,2-15:+18¢F—-4¢,[[-3,2],[-1,-31,[3,-21,[-3,1]]




Random Bezier cubic

> X,Y,pp:=Beziercubic(-3..5);
for i from 1 to 3 do

PL| |i:=plot([pp[i],pp[i+1l]],style=line,color=blue):
end do:

PP:=plot(pp,x=-3..5,y=-3..5,style=point,color=black, symbol=cross) :

BC:=plot([X,Y,t=0..1]):
plots:-display({PP,BC,PLl1,PL2,PL3},title="Random Bezier cubic’);

X, Y,pp=-1+9t-3¢,12¢-15¢7+5¢,[[-1,0],[2,41,[4, 3], [5,2]]




Random Bezier cubic

=

>
24. Procedure 'implicitBeziercubic' reads in from the database a polynomial in variables
x1,y1,x2,y2,x3,y3,x4,y4, and x,y which gives a Bezier cubic in implicit form. Points [x1,y1], [x2,y2],
[x3,y3], [x4,y4] are four control points of the cubic. This procedure can be used without any argument,
like this:

implicitBeziercubic();

and then it returns the implicit polynomial. It can also be used with one argument L of the type list(list)
where L is a list of four lists [x1,y1], [x2,y2], [x3,y3], [x4,y4] that give the control point:




implicitBeziercubic([[x1,y1], [x2,y2], [x3,y3], [x4,y4]]);

> X,Y,pp:=Beziercubic(-3..5);
g:=implicitBeziercubic (pp) ;
XY, pp=-3+24t-42F+22¢,-2+9¢—187+107,[[-3,-2],[5,11,[-1,-21,[1,-1]]
g = —22724 + 23484 x — 54408 y — 6600 y x” + 37488 x y + 1000 x° — 8304 x> — 10648 )°
L 421447 + 14520 )7 x
> for i from 1 to 3 do
PL| |i:=plot([pp[i],pp[i+1l]],style=line,color=blue):

end do:
PP:=plot(pp,x=-3..5,y=-3..5,style=point,color=black, symbol=cross) :

BC:=plot([X,Y,t=0..1]):
plots:-display({PP,BC,PL1,PL2,PL3},title="Random Bezier cubic with
implicit equation g = 07);




Random Bezier cubic with implicit equation g =0

5_

>
| 25. Procedure 'curvature' computes curvature of a paramerized curve in R”3, that is, a curve given as
[X,Y,Z] where X,Y,Z are expressions in t that give points (X,y,z) on the curve.

When X,Y,Z, are functions of t, they maust be entered as X(t),Y(t), and Z(t):

curvature(X,Y,Z);
curvature(X(t),Y(t),Z(t));

> X,Y,pp:=Beziercubic(-3..5);
curvature (X,Y,0) ;

XY, pp=5-121+6F+67,4—12:+9F-2¢,[[54],[1,01,[-1,-11,[5,-11]




T >

2
«/(2—16t+11t2)

2 3 4,6/
6(8-20t+5¢+6r+10¢")
> X,Y,Z:=x*cos(t) ,r*sin(t) ,a*t;
curvature (X,Y,Z) ;

2)

X, Y, Z:=rcos(t), rsin(t),at

2 2 4
ar +r

(3/2)
(a2+r2)

26. Last procedure is the 'setup' procedure. It is automatically executed when RJgrobner is loaded. It
prints welcome message and defines one convert function "convert/set to pts'.

Procedure “convert/set to pts’ converts Maple output from the procedure 'solve' to a list of points that
can be plotted either in the plane or in the space.

Usage:

S:=remove(has,map(allvalues, {solve(sys,vars)}),l);
PTS:=map(convert,S,set to pts);

> sys:={x*2+y*2-2,y-x*2};
vars:={x,v};
quZ{y—x{x2+y2—2}
vars == {x,y}
> S:=remove (has,map (allvalues, {solve(sys,vars)}) , I);
PTS:=map (convert, S,set_to_pts);

S={{x=1Ly=1},{x=-1,y=1}}
PTS:={[1,1],[-1,1]}
>
27. Note: In the database, a polynomial is stored under the name _implicitbezierpolynomial that gives
implicit form of a Bezier cubic. This polynomial is read by the procedure implicitBeziercubic. To see
it displayed, type

implicitBeziercubic();

without any argument. This polynomial belogs to R[x,y,x1,x2,x3,x4,y2,y2,y3,y4] where [x1,y1],
[x2,y2], [x3,y3], [x4,y4] are coordinates of four points that defineBezier cubic.

> g:=implicitBeziercubic() ;

g:=—54x]x3y2y3x—27x1x3y3x4y2—63x1y1x3x4y2+243yx2x3y2y4x



—9yx2y1x4x1y4—27yx]2y2y3x—6yy]x4x]2y4+27yx4y2x12y4—63yx12y3y4x
+9yx2xIy3ylx+126 yx2x1 y3 y4 x — 18yx2x12y3y4+81yx]x3y3y4x
—27yxIx4y2*x+ 108 yxI yI x3x4y3 + 54 yxI* y3 y4x3 =36 yxI>y2 y4x3+9 yxI> y2 y4 x
—54x2y3xx4y* =27 yI* xx3y4x2+36 yI* xx2 x4 y3 =27 x2 yl x3x1 " + 81 x2 xI y2x3 )"
+27x2x1 y2x4y* +27 yxl x4 3 x =54 yxI yl y4 x3* =27 yxI yl x4* y2 — 162 y yl x2* x4 y3
— 108yx22y4y2x+81yy1x3y4x22—180yx1x3y2y4x+81yy1x22y3x
—243yx2y3x4y2x—63y1x2x4y2y4+63y1xx42y2y+27y1x2x1y2y3+63y12xx3x4y
—27y1x2y3x4y2—9y1x2x1y2y4—27yx2x3y12x4+ 108yx2x4y22x+54yx4y2x2y3
+54yyl x4 y4x2* + 54y yI x2* x4 y2 + 54 yx1 y2 y4 x2* = 54 x2 x3 1> y4 x — 162 x2 y2 x x3 )*
—27y]2xx4y4x2— 108yx2x4y2x]y4—243yx2y1x3y3x+27yy3x42y2x
+81yx2xIy2y4x+54yx2yl x3x1y4 -9y y3x4* yl x+ 6 yI* xx4 x1 y4 + 153 y1 x* x3 y2 4
+54x3y32x]x4y+ 8l yx2yl x3y2x— 18yx4y2x2y4+81yx4x3y2y1x2+ 18yx4y3x2y4
—6yy]x42y4x—27yx]y2x42y3—54x3y32y1x4x1—54x32y3x]y4y+54x32y3y]x1y4
—54x32y3y]x1y—54x32y3y1x4y+18x2x4y2y4x+36yy1x2x42y3+6yy1x42x1y4
—81yx4xIy2*x3 - 126y x4yl x3y2x+45yxd yl x3y4dx+ 6 yxdxl y4° x =27 y2* x4° x2 y
+18x2x1 4y  +162x2x3 1" y3x—54xI x2V* y2 x + 54 x1 x2 y* y3 x +27 y2* x4* y1 x2

—18yI*xX* x4 y2 =27 x> y2x4y* + 153 xI x3 y2 x4 " + 18 xI x3* y4x — 18 xI x2* y4 x
+3y1x4x12y42+3y]x4y42x2—3y12x2x]y4+27x3y32x12y+27y] xx]y42x2
—6y]x2x]yy4— 18y1x2x]yy2+27y]x4x22y2—3y12x42x]y4+9yx4x]y2y4x3
—54yx4y1x3y4x2+81yx4x3y22x—9yx4x3y2y4x—81yx2x]y2y4x3
+54yx2y3x2y4+54y]x33y4y—27x3y32x12y4+27x32y3y12x4—81yx2xly2y3x
+27yy3x4y4x12+9yx1y4x3x4y1+ 162yx2y2x2y3—27yx1y3x42y1—54yy1x22y2x
+ 162yx2x]y2x4y3—54yx2y2x2y4—45yx]y3x4y4x+27y23x3+9y42x2x3y

+ 18x4y3x]x2—81)622)/3)63)/2+27y4x)632y2—3x4yy]2)cz—27)c4yy22xz—y]3x3
+y]3x43+81y32x2x3y—81y3xx32y2+ l8y]x3y3y4—3x]y4x42yz+54x4y]x32y2
—9y12x2x2y—54y]x2x1y32+54y1x2x2y42— l8y])c3y2y4—27y]xx32y2
—27y3xy]2x32+27y1x2x3y3y4+27x4x2y4x3y2—27y1xy4x32y+ 18y1x2x1yy3

+ 18y]xx]y2x2+27y12xx2x3y+ 18yx1y2x2y4—54yx2x1y22x4+54y1xx1y32x4
+54yx2x]y22x— 18yx1y3x2y4—54yx1y2x2y3—3y1xx42y2+54y1x3y2y3 +9513y3
+y43x3—81y1x2x3y2y3+27y]xx3y42x1—81y1xy4x32y2—81yx2y22x2

+ 108 yI x x4 y2 y4 x2 — 162y1xx4y32x2+81y1xx3y3x4y2—27x2y]x3x4y2

— 153y1x2y3x2y4+81y1xx32y2y—x43y3—81yx2y32x2— 18y]x2x3yy4
+27x2x1y42x3y—27x2y1x3x1y42—9x2x12y42y+27yx1y22x2+27x22y42y2x



+27x1y42x22y—9)/12)c2y3)c4—x]3y43—54yx42yZZX—9y)c2y42x2—27y)c4y32x2
+243 yxI x3y2 y3 x + 81yx4x3y2y3x—81x2y3x3x4y2—27y12xy4x3x4+9yx1x3y42x
+162 yx] y4x3° y2 =18yl x* y3 x4y + 18 vl xx3 y* x4 — 54 y1 x> y2x3 y + 162 yI x> x2 y3*
—81y2%xxIx3y+81y2x>x3y3 y4+ 542 x yl y4 x2* — 162 x1 x3% y2 y*

— 162 yxIx3y3x4y2+18y2xx3 yI* x4 —81y2xxI y3y4x3-27x2°y" + 81 yx2 x3 y3 x4 yl
+45yx]x4yZy4x—81yx2y4x32y]+54yx22y42x—81y]xx22y42—27y])czx3y42
—8lyx2y3x3y4x+9yx2y3 x4 y4x+ 81yx2x4y32x—81y2xy4x32y+81y2xx1y32x4
+27y2xx12y3y4+ 162x22y3x4y2—27y1 xx42y22+ 18y12xy3x42+81)62)/4)632)/2
+3yP x4 y4x+ 81 y2xyl x2 x4 y3 — 162 y2 x vyl x3 y4 x2 — 54 y2*> x y1 x2 x4
+27y2x2x]ySy4+54y2xx]y42xZ—54)/22xxly4x2+9y2xx42)/2—27y1xx22y2

+ 9y x3y+162y22 xxI y4x3 - 81 y2* xx1 x4 y3— 542> x x4 x1 y4 -3 yl x xI* y*

— 18x2y3x42y2—81x22y4x3y2—81y2x2y]x2y3—9x2y3y1x4x1y—81x2y3x1y4x3y
- 18y1x3x42y2+3x42y2y4x+3yx]y12x42+81x2y32x4y2x+ 81x22y3y4x3y
+81x2y32x]x4y+3yx]y42x2—9y3xx42y2+21yx]2y42x—9x2y3x]y4x4y
+81x2y3x1 y2y4x3—81x2y3 xIy2x4+27 yxl y3* x> +27x3° y' + 18 yx2 y1* x4’

+ 81 yxlx4*y2* =27 yI X>x2y4 y2 + 27yl xx2> yd y+ 63yl x> x1 y3 y4 — 54 y yl y4 x2°
—5412x4 yl y4x2* =162 y2x* x3 y y3 + 54 y2 x* x3 y y4 — 81 x4 x3 2 x2 )"
+9x2y3y1x4x]y4—81x22y3y]x3y4+54)/22x2x4y4+?ay]x4)c]2yz—9x3y2x42y2

- 18yx3y42x12—3yx4y42x2—3yx4x]2y42+54y22x2x2y4—27y22x2x]y4
+81y22x2y3x4—9y2x2x3y]2—27y33x3— 18y2xx]2y42—54y1x2x2yy3

+18yI X" X2y y4+ 54yl xx21* x3 =162 y2* xX* x3 y4 — 54 y2 x* x2 y4> — 81 y2 x> x1 y3’
—81x3y3x]y2x2y+27y1x42x1y2y3—9y12x4xx2y+9y2x2x1y42— 18)(2)/3)/123642
+54y23xx1x4—81)/2x2x4y32+81x.i’yZyleny—9x3’y2y1x4xly4—27x1y2y42x22
+9y]x4x]y2x2+9x3y2y]x4x]y—6y]x4x]y42x+81x22y32y1x4+ 18)63)/2)/42)62
—81x3y22y3x4x+27y]2x4x3y4x2+9x3y2y]x4y4x—9x3y2y]2x42+27x32y3y2x4
—81yx]2y32x4+54yx12y32x—27yx4y12x32+54x2x3y3x4+81x22y2y2x
+27x22y2y4x+54y1x2x2yy2— 18y1xx1y2)c3+54ny4szy4y+81nyIx32y2
+27)c])/.3)c412)/2—27y3x2x4yZy4+54)/32xyhc3xl—9ylxy$x4y4xl—27)51)/2)522)/2
+ 18x3y2y]x42y—81x3y22xly3x—9y3xy1x2x1y4—18x1x3y3x4—54x1x2y3x3
+9yx3y12x42+9y]xzy3x4y4+81x3y2ny3x4y—27)6])/4)632)/2Jr9x2x]2y3y2
—9x12y2y3x+9x]2y2y2x+3x12y2y4x—54x]2y3x3y2—21 x]2y4x4y2+9x]2y4x3y2
+54x12y3x4y2—81x32y2x2y4y—36x3y2x]y42x—81x32y2y]x2y—27y42xx2x3y
+81x2x1y3x3y2+45y1xx1y2x4y+54y32xx1y4x3— 18y3xx1y42x2



- 108y1xx1y3y4x3+54y3xy4x32y+81y3x2x2y4y2—45y]xx2y4x4y
—54x2> yd x4 y* — 54 x1 x4° y2 v + 54 x1 y1 x3°y* = 54 x4 y2x2* V' + 21 x1 yl x4° )
+18x1712x3)* =54 y3 xx3 x4y + 81 y3xyl y4x2* =45yl xx1 y3 x4y —9x2 yl x4° )*
—81yIx2*y* x3—54x1 y4x2> V' + 3y X" xI y+ 54 x2 x4 2y  + 6 yl x xI* y4 y

+54 1 x* x3yy3+ 180 yI xx2y3 x4y + 27y x yl x3x2 -6 yI* x x4 x1 y

+ 162y1xx3y3y4x2—54y3x2x3yy4+ 18x4yy1x2y2—45y]xx]y4x2y+6x4y2x]y]x
— 18x4y2x]y2x—81y1xx3y3x4y+ 81y2xx32y2+81x32y2x2y2+81x3y22x2y3
—81x3*y2 xy+ 81 x3* 2> yd x + 18 x3 y2 xI* y4* — 81 x3 2> x1 y4 + 9 x2 y3 xI* y4*

+81 122 X" xI1 y3—81x2°y3* x4y + 27 y2* X yI x2 + 54 x3* y3x1 y* + 81 x3* y2* x1 y

—81x2% 1" p3x =54y’ X’ x3y4— 18 yI* X’ x2y3 + 2T yI* x> x2 y4 - 21 yI* x x4° y

+ 54912 X X33+ 21 yIP X x4 y4d + 9 17 x x42 y2 + 54 y1 x* x4 y2* + 27 y1 x* x4 3

+ 81yl xy4x3* =54 yI* xx3* y =3yl xxI”> y4* =21 yI x> xI y4* — 27 y3° x* x3 4
+81y22x2x3y—54y2x3y3y4+27y32xx12y4—54y32x2x]y4—81x3y2y]x2x4y3
+81x32y2y]y4x2+ 18y3x2x1y42+54x4y2x2y2x— 18x4y2y]xx2+45y]xx]y4x3y
—9y3xx’y4 =81y X* x2y2 =543’ xx1 x4 + 81 y3° xx27 y+ 9 p3 x* x2 y4*

—54y3* X" yIx3—81 y3* xyI x2* + 6yl x> x4y y4 — 54 yI* x3 y3 x4 x — 81 y2 x x3 y3 y4 x2
+81x3y2°x1x4y3—54x4y2xx3y" —18x4x3 > y4dx —27 y2 x4 xI> y3 y4 — 54 y2* x4 x2 y4 x
—9y]xx]y2x3y+54y22x4x]y4x2+ 108y3xy]x32y+9y]xx4y2x]y4
+81y32xx]y2x2—27y3xy1x42y2—9y3xy]x4y4x2—27x4x32y3—81y3xx22y4y

- 108y32xx1x3y—81y3xx]y2y4x2+3y12x3y4+54y32xy]x3x4—54y3xy]y4x32
+54y3xx4y2x1y4+27y33x4x12—9x12y3x2—9y12x3y3+54x4x3y2y3x
—9x]y4x3x4yz—63yx2x]y42x+3y]x43yz—3y]3xx42+27x1x32y3+9y2x3y42
—9y3x3y42+81y2x3y32—9x2x42y3+3yx13y42—3y1x3y42—27y23x42x1—54y23x2x4
—3x4y3x]2+9y]2x3y2+27y23x42x—3yy]2x43+27)c])622y3—27)64)/3)622—27y]x3y32
—27y]x3y22+27)/]2)633y+9x]2y3x3+27y33xzx4+81)622)/3)c3+9x3y3x42
+27y32x3y4+3y13x2x4+54y33xzx]—3)cl3y4y2—27y33xx]2+3y43xx]2—81x2x32y3
—27y23x2x]+27y22x3y4—27x33y4y2—81y22x3y3—54y1x33y2+ l8xly3xx4y2
+54)c])/2)cx3)/2—81ylxx4ny2y+63x2x1y4x4yz+27x2xly4x3y2
—54y]xx]y2x4y3+27y1x23y2+3x1x42y3—153x2x1y3x4y2—6x1x4y2y4x
+9y1xx]y2y4x3+27y1y42x23+54x23y4y2—27x33y4y12+81x3y3y] x22y

L —27x23y42y—3y43x2x] —81yx2x]y32x—54yx2y]x42y2+27yx]2y2x4y3
[ > nops (g) ;

490



| > maxmindegree (g,plex(x,y,x1,x2,x3,x4,y1,y2,y3,vy4));
L [6,6]

>
| Thus, above shows that it is a homogeneous polynomial in these 10 indeterminates of degree 6.

Rafal Ablamowicz
rablamowicz@tntech.edu

Cookeville, June 19, 2008
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Calling Sequence:
function(args) (if the package was loaded using with(SchurFkt); )
SchurFkt[function](args) (long form without loading the package)

Note:

SchurFkt needs the package define of the Clifford/Bigebra packages, since it defined tensor
products of symmetric functions. It also from

time to time needs Clifford/Bigebra, so we advice strongly to install the library file which contains
all of these packages!

=] Description:

e SchurFkt provides essential operations on the Hopf algebra of (commutative) symmetric functions
in formally infinite many variables. It provides several important bases which allow to implement
products and coproducts by means of combinatorics of Young diagrams (Ferers diagrams,
essentially a graphical display of partitions) and Young tableaux.

e Schur polynomials can be used to describe irreducible representations of general linear groups.
The product of these polynomials resembles the Glebsch-Gordan decomposition of a tensor
product of two irreducible representations (irreps) into irreducibles again. The decomposition of
irreps gives a coproduct of Schur functions. Schur functions encode a huge number of




combinatorial identities. Schur functions have a second product, called 'inner product'. This
product has to do with the product of irreps of the symmetric group. Since it does not add the
weight of the tableaux but combines two tableaux of the same weight into other such tableaux.

e Power sum symmetric functions play a role in enumerative combinatorics (Polya counting theory,
cycle indicators), as in algebras K-theory (Adams operations). In our setting, power sum function
form the primitive elements of the outer Hopf algebra of symmetric functions.

e Monomial symmetric functions play an important role in the approach to symmetric functions
proposed by Rota-Stein, 94. Currently SchurFkt does not fully implement these algorithms.

e The general goal of SchurFkt is to provide a proof of concept for some new developments in
symmetric function and invariant theory. Since Maple (TM) is considerably slower as, e.g.
SCHUR by Brian G Wybourne, serious calculations may need special purpose software.
However, being able to code new algorithms provides new insights into the theory and last but not
least proves the authors understanding of the subject.

Load SchurFkt in the following way:

[ > restart:with (SchurFkt) ;

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

[AlexComp, CharHook, CompNM, FLAT, Frob2part, GesselThetaP, GesselThetaS, KostkaPC,
KostkaTable, LaplaceM, LaplaceM mon, LaplaceTable, MLIN, MurNak, MurNak2, PartNM,
Scalar, ScalarHM, ScalarMH, ScalarP, antipE, antipH, antipM, antipMC, antipP, antipS,
branch, cinner, cinnerP, cmp2part, cmp2prtMult, concatM, conjpart, counitlnnerP,
counitlnnersS, couter, couterE, couterH, couterM, couterON, couterP, cplethP, cplethsS, dimSN
e to h,e to s, evalJacobiTrudiMatrix, getSfktSeries, grAlexComp, h_to_m, h_to_s, inner,
innerH, innerP, isLattice, m_to_p, maxlengthSymFkt, mset2part, outer, outerE, outerH,
outerM, outerON, outerP, outerS, p_to_m, p_to_s, part2Frob, part2mset, plethP, plethsS,
plethSnm,s to h,s to hJT,s to hmat,s to p,s to x, skew, sq coeff, truncLEN, truncWT,

L X _to_s, zee]

>

H Alphabetic (but Overview as the first topic) listing of available procedures in
'SchurFkt':

e Overview -- The main HELP FILE for SchurFkt (this file)

e AlexComp -- compares two compositions/partitions w.r.t. anti-lexicographic ordering

e antipS -- the antipode acting on symmetric functions in the Schur polynomial basis

e branch -- branch transforms a symmetric function representing a group character into




S-functions of another group via branching
CharHook -- evaluation of a cycle indicator on a Hook Schur function
cinner -- inner coproduct of symmetric function the Schur function basis

cmp2prtMult -- computes the length of the orbit of compostions which project under sorting
to the same partition

CompNM -- produces a list of compositions of N into M parts

concatM -- divided powers concatenation product (needed for Rota-Stein cliffordization)
conjpart -- computes a conjugate partition

couter -- the outer coproduct in the Schur function basis

couterE -- the outer coproduct in the elementary symmetric function basis
couterH -- the outer coproduct in the complete symmetric function basis
couterM -- the outer coproduct in the monomial symmetric function basis
couterON - outer coproduct for the O(n) groups in the stable limit N--> infinity
couterP -- the outer coproduct in the power sum basis

cplethP -- plethysm coproduct in the power sums basis

cplethS -- plethysm coproduct in the Schur function basis

dimSN -- computes the dimension of an sfkt polynom seen as S_n character

FLAT -- flattens the function T() used by SchurFkt[MLIN] (hence T() is made associative
this way), mainly for internal use!

Frob2part -- converts a partition in Frobenius notation into a standard list notation of
partitions

GesselThetaP -- computes the Gessel map Theta for power sum symmetric functions
GesselThetaS -- computes the Gessel map Theta for Schur functions
getSfktSeries -- produces a Schur function series (or a list of its coefficients)

grAlexComp -- compares two compositions/partitions w.r.t. graded anti-lexicographic
ordering

h to_s -- convert a homogenous symmetric function into a Schur function
inner -- the inner product in Schur function basis

innerP -- inner product in the power sum basis

isLattice -- checks if a Young tableau is a lattice permutation

KostkaPC -- computes the Kostka coefficient between a composition and a partition



KostkaTable -- computes the Kostka matrix in any dimension

LaplaceM -- the Rota-Stein Laplace pairing internally used for 'cliffordization' of the
concatenation product in the monomial basis into the outer product of monomial symmetric
functions (internal use mostly)

LaplaceM _mon -- Laplace pairing on monomials

LaplaceTable -- tabulates the LaplaceM pairing of m-function monomials (exhibits some
grading properties)

m_to_p -- basis change from monomial to power sum symmetric functions
MLIN -- makes the function T() multilinear over the integers, mainly for internal use!
mset2part -- translates a partition in multiset notation into a partition in standard format

MurNak -- the Murnaghan Nakayama character of the symmetric group, uses internally a
rim-hook representation of partitions to optimize the algorithm

MurNak?2 -- MurNak?2 uses a recursive algorithm and is much slower than MurNak (for
comparison and educational/demonstration purpose only)

outer -- outer product of two Schur functions (also known as SchurFkt[outerS])

outerE -- outer product in the elementary symmetric function basis (E-basis)
outerH -- outer product in the complete symmetric function basis (H-basis)
outerM -- outer product of monomial symmetric functions (a la Rota-Stein)
outerON -- outer product for orthogonal (symplectic) characters

outerP -- the outer product of symmetric functions in the power sum basis

outerS -- outer product of two Schur functions (same function as SchurFkt[outer] in this
version of SchurFkt)

p_to_m -- basis change from power sum to monomial symmetric functions
p_to_s -- basis change from power sum symmetric functions to Schur functions
part2Frob -- translates a standard partition (shape) into Frobenius notation

part2mset -- translates a partition in standard representation into an multiset (exponential)
representation

PartNM -- returns a list of partitions of N with parts of size at most M
plethP -- plethysm in the power sum basis
plethS -- computes the plethysm of two Schur function polynoms

plethSnm -- computes the plethysm of two sfunctions of the form s[n] (one part complete
symmetric functions)



s_to_h -- basis change from Schur function basis to complete symmetric function basis
e s to_p -- basis change from Schur functions to power symmetric functions

e s to_x -- translation of a Schur function into a polynom in variables x 1

e Scalar -- the Schur-Hall [Redfield cup] scalar product in the Schur function basis

e ScalarHM -- the Schur-Hall [Redfield cup] scalar product in the monomial-complete
symmetric function basis

e ScalarMH -- the Schur-Hall [Redfield cup] scalar product in the complete-monomial
symmetric function basis

e ScalarP -- the Schur-Hall [Redfield cup] scalar product in the power sum basis

e skew -- (outer) skew of two Schur functions

e sq_coeff -- returns the square of the coefficients of a Schur function

e truncWT -- truncates an Schur function expression by its weight

e x to_s - translates a polynomial in the variables xi into a Schur function expression

e zee - the symmetry factor z associated to power symmetric functions (or cycles of the
symmetric group)

H New Types in 'SchurFkt":

We use 'tkt' derived from German "Funktion' (function) as in SchurFkt also for types. Typing is
necessary to allow Maple(R) to decide about linearity of certain morphisms (procedures).
Symmetric functions come with a number of standard bases, which have combinatorially
different meanings and allow different algorithms to be used to perform calculations. The
SchurFkt package knows currently the following types:

e Schur functions. This is the most important basis. Schur functions (sfunction for short)
encode characters of irreducible representations of the symmetric and general linear groups.
Schur functions (and all other bases) are indexed by integer partitions, written as index to the
kernel-symbol (here s'). We need to distinguish:

-- “type/stktmonom’ -- Schur function monom, a basis element like s[3,2,2,1] with no
prefactor.

-- “type/sfktterm’ -- A Schur function including a coefficient from the ground ring (usually
integers) of type cliscalar like 4*s[4,1,1,1]

-- “type/stktpolynom’ -- A linear combination of sfktterms like 2*s[2]+5*s[1,1].

The types used are inclusive, so a check if an expression <foo> has type stktpolynomial yields




true, if foo is an sfunction of type stktmonom, skftterm, or sfktpolynom! The check for an
sfktterm yields true, if <foo> is a term of a form coefficient times a Schur function monom or
if it is a Schur function monom, while the check for Schur function monom yields true only
for expressions like s[3,3] (irreps, basis monoms of the ring of symmetric functions).

Note: Schur functions are self dual wrt to the Schur-Hall inner product “ScalarS'. They form
an orthonormal basis.

Note: Schur functions are not multiplicative (see below).

Power sum symmetric functions have their origin in the invariant theory of the symmetric
group. Considering polynomials in the indeterminates {x i} {i=1}"n it is obvious that the
polynomials p k(x) =\sum_{i=0}"n x_i*k are invariant under the action of the symmetric
group acting on n-letters (indeterminates). Furthermore, these polynomials are a complete set
of invariants. Last but not least, the power sum symmetric functions are orthogonal but not
normalized w.r.t. the Schur-Hall inner product *ScalarP'.

We distinguish in the same fashion as for the S-functions, basis monoms, terms and
polynomials in the power sum symmetric functions p_k(x):

-- ‘type/pfktmonom’ -- A basis monom like p[2,2,1].

-- “type/pfktterm’ -- A basis monom with an optional ring coefficient 5*p[2] of type cliscalar,
but p[3]=1*p[1] is a term either.

-- “type/pfktpolynom” -- A linear combination of ptktterms or a pfktterm or a ptktmonom.

Note: Power sum symmetric functions are multiplicative. That is, the outer product of power
sum symmetric functions is the (unordered) concatenation of power sum symmetric
functions:

pl3.1].p[2,1]1 =p[3.2,1,1]

The outer product is particularly simple to compute for multiplicative bases!

Complete symmetric functions are another special class of symmetric functions. Complete
symmetric functions are the dual basis w.r.t. the Schur-Hall inner product of the monomial
symmetric functions (see below). They are used to extract counting coefficients in generating
functions in the Polya-Redfield theory of enumeration. The classical kernel symbol is "h’, we
distinguish:

-- ‘type/hfktmonom’ -- A basis monom like h[2,2,1].
-- “type/hfktterm’ -- A basis monom with an optional ring coefficient 5*h[2] of type cliscalar,
but h[3]=1*h[1] is a term either.




-- ‘type/hfktpolynom’ -- A linear combination of hfktterms or a hfktterm or a hfktmonom.

Monomial symmetric functions are _the classical symmetric functions. They are obtained by
symmetrizing monomials xMalpha=x_1Malphal...x_k™alpha k using the symmetric group

S k acting on the indices of the indeterminates, where only distinct terms are kept (no
multiplicities). One has m_\lambda = \sum_{\sigma\in S_k distinct}
x_{\sigma(l)}™\lambda 1...x {\sigma(k)}"\lambda k. Hence monomial symmetric functions
appear by averaging over the symmetric group action on a single monomial. It is clear that a
partition \lambda indexes such averages, while individual monomials are indexed by
compositions (ordered integer decompositions). The monomial symmetric function basis is
_not_multiplicative. We distinguish:

-- ‘type/mfktmonom’ -- A basis monom like m[2,2,1].

-- ‘type/mfktterm’ -- A basis monom with an optional ring coefficient 5*m[2] of type cliscalar
, but m[3]=1*m[1] is a term either.

-- ‘type/mfktpolynom’ -- A linear combination of mfktterms or a mfktterm or a

mfktmonom.

Note: The SchurFkt package has a second product employed on the basis of monomial
symmetric functions. This is the "concatM' product which establishes the multiplicative
(unordered) concatenation product. This product is not usually considered in the theory of
symmetric functions and is _not_ the outer product. However, the process of cliffordization
described by Rota-Stein allows one to introduce the outer product in the monomial basis
‘outerM" as a Hopf algebra deformation of the (unordered) concatenation product “concatM'.
(This is in analogy to how a Clifford algebra appears to be a deformation of the Grassmann

algebra).

Elementary symmetric functions are cousins of complete symmetric functions. The are
obtained by conjugating the partitions indexing rows and columns of one part partitions and
one row partitions. Elementary symmetric functions (while being symmetric functions)
encode antisymmetric aspects of invariants. Rows in a Young diagram (tableau) are
antisymmetrized. Elementary symmetric functions form a multiplicative basis, and we
distinguish:

-- ‘type/efktmonom’ -- A basis monom like e[2,2,1].
-- “type/efktterm’ -- A basis monom with an optional ring coefficient 5*e[2] of type cliscalar,
but e[3]=1*¢[1] is a term either.

-- ‘type/efktpolynom’ -- A linear combination of efktterms or a efktterm or a efktmonom.

e The dual basis of the elementary symmetric functions is called forgotten functions (Doubilet



functions), since they played a minor (invisible) role in the combinatorial and enumerative
approach to invariants and symmetric functions. The forgotten functions share many
properties with the monomial symmetric functions, the basis is _not multiplicative. We
distinguish:

-- ‘type/ffkmonom’ -- A basis monom like f]2,2,1].

-- “type/ftktterm’ -- A basis monom with an optional ring coefficient 5*f]2] of type cliscalar,
but f[3]=1*{]1] is a term either.

-- “type/ffktpolynom’ -- A linear combination of ftktterms or a ftktterm or a ffktmonom.

Note: Not much about forgotten functions is yet implemented in SchurFkt, .... nomen est
omen.

e The general type symfkt{monom|term|polynom] was created to check if a general expression
<foo> contains any of the above specified bases {s,p,h,m,e,}. This may allow to form
expressions with mixed basis types like e[3,2,1]+h[3,3] and alike. Some internal functions of
SchurFkt do not need to know what kind of basis they process unless it is, say, a
multiplicative one. In order not to trigger a "wrong type" error, type checking is done only
against symfkt[monom|term|polynom].

Note: The usage of symfkt-types is dangerous and should be done only in internally used
functions! Beware!

H See Also: define

NOTE: SchurFkt needs the patched define which ships with the Clifford/Bigebra
packages!!

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[zee] - the symmetry factor z associated to power symmetric functions (or
cycles of the symmetric group)

Calling Sequence:

int := zee(prt)

Parameters:

e prt :apartition (in standard notation list integer)
Output:

e int : nonnegative integer

WARNING:

| --none--
H Description:
e The z-factor (zee is SF package of Stembridge) provides a combinatorial symmetry factor.

e We have:
zee(\mu) =\prod_i*ength(\mu) 1*r ir 1!

where the partition \mu is given in exponential (multiset) notation.

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > zee([1,1,1]);
zee ([2,1]);
zee ([3]);

> lst:=[seq([1$i],i=1..6)];
map (x->zee (x) ,1st) ;
1st:=[seq([i],i=1..6)];
map (x->zee (x) ,1st) ;
[st=[[1L[1, 1, (1,0, 1,1, 0, 0,0, 0,1, 0,1, [1,1,1,1,1,1]]
[1,2,6,24,120,720]




Ist =[[1],[2],[3],[4],[5],[6]]
| [1,2,3,4,5,6]
[ > prt:=PartNM(5,5) ;
map (x->zee (x) ,prt) ;
prt =[[5],14,1],[3,2],[3,1,1],[2,2, 1],[2, I, 1, 1], [1,1,1,1,1]]
, [5.4,6.6.,8, 12, 120]
| Critical cases:
[ > zee([]);

>
Algorithm used:

| Implementation of the combinatorial formula.
See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008, 2007/BF/RA



L‘J Function: SchurFkt[AlexComp] - compares two compositions/partitions w.r.t. anti-lexicographic
ordering

Calling Sequence:

b := AlexComp(cl,c2)

Parameters:
e cl,c2 : compositions (or partitions)
Output:

e b :boolean value (true / false)

WARNING:

Note that Maple uses in its combinatorial packages lexicographical order of partitions and
compositions.

H Description:

e AlexComp allows to order compositions and partitions in anti-lexicographic order.
Anti-lexicographic order is the standard order of Macdonald and other writers on symmetric
functions. Note that Maple uses in the combinatorics packages lexicographic order!

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 says 'Good bye...'

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

E Check AlexComp for special values:
| > AlexComp ([3,2],[2,1]1);
AlexComp ([2,2,1,0],[3,0,2,0]);
true
L false
| Using AlexComp to sort a list of partitions:
| > prt:=[ [3,2,1,0,0,0],[6,0,0,0,0,0],15,2,0,0,0,0],(1,1,1,1,1,1]
1;
sort (prt,AlexComp) ;
prt = [[33 23 13 07 07 0]7 [67 07 07 07 Oa 0]7 [57 27 07 07 07 0]3 [17 17 17 17 17 1]]

L [[63 03 07 07 07 0]7 [57 27 07 07 O) 0]7 [3) 2) ]‘) O) O) 0]3 [17 17 17 17 17 1]]
| Maples combinat produces lex ordered lists
| > combinat[partition] (3);




sort (%,AlexComp) ;

[([1, 1L, 1],[1,2],[3]]
i [([3L[1,2][1,1,1]]
Note that CompNM and PartNM functions produce lists of compositions and partitions in
| anti-lexcicographical order
| > prt:=PartNM(3,3);
cmp :=CompNM (2, 5) ;
prt:=[[3],12,1],[1,1,1]]
cmp =[[2,0,0,0,0],[1,1,0,0,0],[1,0,1,0,0],[1,0,0,1,0],[1,0,0,0, 17,
[0,2,0,0,0],10,1,1,0,0],[0,1,0,1,0],[0,1,0,0,1],[0,0,2,0,0],[0,0,1, 1,01,
[0,0,1,0,1],10,0,0,2,01,[0,0,0,1,11,[0,0,0,0,2]]
| Sorting in lexicographic order my be achieved by using 'not'
> prt;
sort (prt,not AlexComp) ;
cmp;
sort (cmp,not AlexComp) ;
[[31,02,1],[1,1,1]]
[[1,1,1],[2,1],[3]]
[[2,0,0,0,0],[1,1,0,0,0],[1,0,1,0,0],[1,0,0,1,0],[1,0,0,0,11,[0,2,0,0,01,
[0,1,1,0,0],10,1,0,1,0],10,1,0,0,11],[0,0,2,0,0],[0,0,1,1,0],[0,0,1,0, 1],
[0,0,0,2,0],[0,0,0,1,1],[0,0,0,0,2]]
[ro,o0,0,0,21,10,0,0,1,11,10,0,0,2,0],[0,0,1,0,1],[0,0,1,1,0],[0,0,2,0,0],
[o,1,0,0,1],10,1,0,1,0],10,1,1,0,0],[0,2,0,0,0],[1,0,0,0,1],[1,0,0,1,0],
[1,0,1,0,0],[1,1,0,0,0],[2,0,0,0,07]
| AlexComp can handle lists with different length, if necessary trailing zeros are appended
| internally:
| > AlexComp([2],[3,2,1,2]);
AlexComp([4],[1,1,1,1]);

false

true

>
H Algorithm

| Not available (obvious).
H See Also: SchurFkt[Overview], SchurFkt[PartNM], SchurFkt{CompNM]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




L‘J Function: SchurFkt[antipS] - the antipode acting on symmetric functions in the Schur polynomial
basis

Calling Sequence:

s2 = antipS(s1)

Parameters:

e sl : S-function polynom type/stktpolynom

Output:
e s2 : S-function polynoms type/sfktpolynom

WARNING:

The antipode is currently implemented for Schur polynomials, do not apply this function to other
bases, no type checking yet. Tensor products may be imported from the Bigebra[define] facility.
Look there up how to specify the ground field of the tensor or how to define own tensors.

H Description:

e The antipode of the outer Hopf algebra of symmetric functions is an anti algebra homomorphisms,
which represents a generalized inverse. In a Hopf algebra stemming from a group, the antipode is
the inverse S(g)=g”(-1), which illustrated the anti homomorphism rule S(gh) = S(h)S(g).

o In the Schur polynomial basis, the antipode is given by
S(s[lambda]) = (-1)"length(lambda) s[lambda”"]

where length(lambda) is the length of the partition lambda (number of parts) and lambda™" is the
conjugated partition (mirrored partition).

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| The antipodes takes e.g. these special values:
> antipS(s[0]);
antipS(s[1]);
antipS(s[2]);
antipS(s[1,1]);
antipS(s[3]);
antipS(s[2,1]);




antipS(s[1,1,1]);

S
52,1
L 53
| > prt:=map (x->s[op(x)],PartNM(5,5)) ;
map (antipS,prt) ;
Prt= 185,84 1583 083 1 15522, 152 1,1, 151,11, 1,1

L [_51, L1 521,110 52,2, 10 93,1, 10 93,2 4, 1> =S5 ]
| We check the axiom for the antipode:

f (1) S(f _(2)) = \eta\epsilon(f) = S(f (1)) f (2)

| where we have used the Sweedler notation for the coproduct \Delta(f) = f (1) &t f (2)
[ > out:=couter(s[2]);
| out = (s, &ts,) + (s, &tsy)+ (s, &ts,)
| 'f1'/'f2" are a helper functions mapping the antipode to the first/second tensor slot:
[ > fl:=(x)-> &t (antipS(op(x) [1]) ,0p(x) [2]):
| £2:=(x)-> &t (op(x) [1],antipS (op(x) [2])) :
| Check this functionality:
| > fl(st(s[2],s[1,1]));
f2 (&t (s[2],s[1,1]1));
spq &tsy
| s, &ts,
| Now map the antipode to the outer coproduct and map back the outer product for the tensor should
| give zero for all but the Schur function s[0]
> "+ (op(map(£fl, [[op(couter(s[0]))1]1)));
eval (subs( &t =outer,%)); # special case S(s[0]).s[0]=s[0]
#
"+ (op(map (f1, [op (couter(s[2,1]))]1)))
eval (subs ( &t =outer,%)); # general case S(s[\mu(l)]).s[mu(2)]
=0
sy &ts)
So

(s &tsy )= (55 &tsg) + (s &ts))+ (s, &ts))— (s &tsy) — (s &ts) )




] 0
A few more examples:
| > fl (&t (op(couter(s[0]))))

## special case for s[0] !
T+ (OP(maP(fl [op (couter(s[1,1]))]1))):
=> °,eval (subs( &t =outer,$%));
T+ (OP(maP(f2 [op (couter(s[4,1]))]1))):
=> " ,eval (subs( &t =outer,$%));
T+ (OP(malP(f2 [op(couter(s[1,1,1]))]1)))
=> ~ ,eval (subs( &t =outer,$%));
sy &ts)
=>,5,, special case for s[0]=1
(5o &tsy )+ (s, &tsy)—(s) &ts))
:>’O

=> ,()
—(sp &tsy) + (s &tsg)—(s) &tsy)+(s; &ts,)
L =>,0
>
H Algorithm

| The antipode in the function basis has a closed form

(1) antipS(s_\lambda) = (-1)"(|\lambda|) s \lambda'

ﬂ See Also: SchurFkt[Overview], SchurFkt[couter], Bigebra[define]

> ° => " ,eval(subs( &t =outer,%)),  special case for s[0]=1";

—(sg &tisy | )+ (s, &tsg)— (s, &ts))— (55 &ts))+ (53 &ts, )+ (s, &ts; )
+ (s, &tsz)_(sz&t51,1,1)_(51,1 &tsl,l,l)—(sz&tsz,l)%r(sl &ts151,1,1)+(sl &tsz,l’l)

where |\lambda| is the weight (sum of boxes in tableaux) of the partition and \lambda' is the
| conjugated partition (transposed tableaux). The antipode is directly implemented via this formula.

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.

| Last modified: June 19, 2008/BF/RA.



L‘J Function: SchurFkt[branch] - branch transforms a symmetric function representing a group
character into S-functions of another group via branching

Calling Sequence:

grl = branch(gr0,SeriesName)

Parameters:

e or(, SeriesName : a symmetric function (Schur function), a name of a recognized recognized
series of Schur functions.

Output:
e grl :abranched group character (Schur function polynom)

WARNING:

SchurFkt does currently not provide any support for assigning a group to symmetric functions. It is
the users responsibility to keep track which Schur functions stand for which type of characters.

H Description:

e Branching is the process of reduction of characters or subduction of characters. A prominent
example is the branching of GL(n) characters into O(n) or Sp(n) characters. In Littlewood notation
s \lambda in GL equals {\lambda}, in O equals [\lambda], and in Sp equals <\lambda>. Branch
computes the transition from one picture into another.

e Branch can be used to define in a crude way the Glabsch-Gordan decomposition of a tensor
product in subgroups, see BF,P. Jarvis, R.C. King and B.G. Wybourne, "New branching rules
induced by plethysm", J. Phys. A: Math. Gen. 39, 2006:2611-2655, arXivmathph/0505037, where
this problem is solved in a general setting.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

Example: GL(n) -> GL(n-1)

The input Schur functions represent GL(n) characters. A branching wrt to the M-series (complete
one part symmetric functions) results in a decomposition of the GL(n) character in terms of
GL(n-1) characters.

In a tensor notation this would mean to fix a particular vector in GL(n) and consider the centralizer
of this vector.
> branch(s[2],M);




branch(s[3,1],M);
So+8s,+5,
S3 Sy s ts  +s

| In terms of tableau, the branching by M is equivalent to a skew with a any row on k boxes which
fit into the shape.

Note that the inverse series to M (in a convolutive sense obtained from the Hopf algebra induced
convolution) is given by the L series (one part elementary symmetric functions including a sign
(-1)"n). Hence the branching wrt to the L series is inverse and induced a GL(n-1) character into
| the GL(n) character.
[ > branch(s[2],L);
branch(s[3,1],L);

S 78
L §3,1 783785115
| Note that we pick up signs! Schur functions with a negative sign are virtual characters and have
formally a negative dimension!

| We show not that reduction followed by induction is the identity and vice versa.
[ > branch(s[5,2],M); # GL(n)->GL(n-1)

branch(%,L) ; # GL(n-1)->GL(n)
#

branch(s[4,4,1],L) ;# GL(n-1)->GL (n)
branch (%,M) ; # GL(n)->GL(n-1)

SsotSs  H Syt S5+ 83,48, +8;  +8,,+53+585, 1+,

Ss,2
Sa,401 7 84,47 8431 T84 353317533

S4,4,1

| Using the A,B series we can branch to symplectic and orthogonal characters. The C,D series give
| the branching to the orthogonal characters.

| > branch(s[2],D); # GL(n)->0(n)

branch(s[2],C); # O(n)->GL(n)

#

branch (branch(s[3,2,1],C),D);

So+ 5,
S, =S
L S3,2,1

> branch(s[1,1],B); # GL(n)->Sp(n)
branch(s[1,1],A); # Sp(n)->GL(n)
#




branch (branch(s[4,4,1,1],B) ,A);
So+ S
S1,1 750

S4,4,1,1
In the language of tensors, these reductions have a precise meaning.

O(3): Consider an stress energy tensor which is a symmetric second rank tensor T \mu\nu. If a
system has an O(3) symmetry, this tensor decomposes into irreducible components:

{2} -> [2]14(0]
T (\mu\nu) -> T"precisenu) + trace(T ())g (\mu\nu)

The symmetric tensor T (\mu\nu) is an irreducible GL character. T*0 is an trace free tensor and an
irreducible O character, trace(T) is a trivial (scalar) O character.
> branch(s[2],D);

Sy + 5,
In general relativity one needs the decomposition of the Weyl tensor/Riemann tensor into its
irreducible symmetry components:

R"GL ykl-> R 1kl +R ijg kl+perm + R g ijg kl + perm

where R _1jkl is the Riemann tensor, R _1ij is the Ricci tensor, R is the Ricci scalar.
> branch(s[2,2],D);
Sy 5+ 8,58,

Glebsch-Gordan decomposition:

We can defined the outer product for symplectic and orthogonal character using this branching:
> outerOgrp:=(x,y)->branch (outer (branch (x,C) ,branch(y,C)) ,D):

outerSpgrp:=(x,y) ->branch (outer (branch (x,A7) ,branch(y,3)) ,B):
Note: These type of products can be recognized as cliffordizations and are classified via Hopf
algebra cohomology, see BF. P. Jarvis, "A Hopf laboratory for symmetric functions", J. Phys. A:
Math. Gen 37(5), 2004:1633-1663.

We compute the product of two fundamental representations. Note that the bilinear forms defining
O or Sp can be used to form traces and to reduce the weight of the character. In the O case we
contract a s[2] in the Sp case an s[1,1]:
> outerOgrp(s[1l],s[1]);

outerSpgrp(s[1l],s[1l])

S0+S2+S1,1



L

LT

[

So+ S+

Note that these are the same products. Indeed by accident of the HA deformation we find for Sp
and O the same Glebsch-Gordan decomposition.
> outerOgrp(s[3],s[2,1]);

outerSpgrp(s[3],s[2,1]);

#

outerOgrp(s[2,2],s[2,1]);

outerSpgrp(s[2,2],s[2,1]);

#

outerOgrp(s[3,2],s[1,1]);

outerSpgrp(s[3,2],s[1,1]);

Syt S| F 28y S TSy o F Sy FSs TSyt Sy 1+,
Sy 8y +253,1+S4+S2,2+S2,1,1+55,1 TS84 0S4 111532
S| TS5 +28,) (48 28y TSy 3 TSy S35 TS5 00+ 830 180018,
+2855 54285 5 1+8, 11
Sy FS3 428 148 285 TSy 3Ty 1+ 51T S5 00+ 0 1115200115,
+2S3,2+2S2,2,1+52,1,1,1
Sy 1Sy 1 TSy 3 TSy FSy 3 S50 1 Sy T 285,48,

Sy 1S3 1T S4,3 5401 +S3,3,1+S3,2,1,1+S4,1+2S3,2+52,2,1
>

H Algorithm used:

Branch uses two ingredients. The function getSfktSeries and the outer coproduct of Schur
functions. Consider

(1)  branch(stkt , X) = \sum_(x\in X) <x | stkt(1)> stkt(2)
we firstly decompose the character sfkt into two parts (tensor) using the outer coproduct. the we
act with the linear form attached to the series X obtained by acting with the elements x in the

series via the Schur-Hall scalar product.

branch does exactly this.

H See Also: SchurFkt[getSfktSeries]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt[CharHook] - evaluation of a cycle indicator on a Hook Schur function

Calling Sequence:

t1 := CharHook(s1,p1)

Parameters:

e sl : S-function of hook shape (an element of “type/spolynom’) of any weight
pl : P-function of a one-part partition

Output:

e t1 : aninteger (+1, 0, or -1) indicating if the hook shaped Schur function has the same amount of
boxes as the power sum function and the sign is given by minus one to the power of the height of
the hook (number of rows minus 1)

WARNING:

No type checking yet, especially in the second argument! If the second argument has more than one
part the function does not produce an error!

H Description:

e For the computation of the Murnaghan-Nakayama rule in a recursive way ( SchurFkt[MurNak2] )
one needs to check if a certain boundary strip decomposition of the shape {lambda} in terms of
stripes {mu} can be obtained. The sign is given by the (-1)"height of the boundary strip (number
of rows in the Ferrers diagram occupied by the boundary strip -1).

e This functions plays a role int proof of the Murnaghan-Nakayama rule. For actual computations,
the recursive way is too slow, and one uses a different more efficient method (SchurFkt[MurNak]|

)

e Mainly internal use!

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service
(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]
| A hook shaped Schur function has a single row and a single column, both possibly degenerated.
> CharHook(s[4,1],p[5]) # height is 1 -> sign is -1
CharHook (s[4],p[4]); # height is 0 -> sign in +1

CharHook(s[1,1,1,1],p[4]); # height is 3 -> sign is -1

1
1




I 1
| Some cases where the Schur function is not of hook shape, hence zero is returned
| > CharHook (s[2,2],p[4]1);

CharHook (s[3,2,1],p[6]) ;

CharHook (s[2,2,1],p[5]);

0
0

L 0
| Note that if the weight is unequal, no boundary strip can be found and the result is zero
| > CharHook(s[4,1],p[2]):
CharHook (s[2,1,1,1],p[81);

0
L 0
| It is illegal to put multipart power sum functions into CharHook as second argument, where a
one-part partition power sums (primitive elements of the outer Hopf algebra) is expected. The
function does not complain but returns the value as if the first part of the power sum function was
| given as input!
[ > CharHook (s[4,1],p[5,2]); ## WRONG RESULT!
CharHook(s[4,1],p[5])

-1

-1

>
ALgorithm

| An obvious check on the shape of the first argument and a comparison of weight.
See Also: SchurFkt{MurNak?2], SchurFkt[MurNak]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt[cinner] - inner coproduct of symmetric function the Schur function basis

Calling Sequence:

t1 := cinner(stkt1sfkt2)

Parameters:
o sfktl,stkt2 : Schur function polynomials
Output:

e tl : atensor of Schur function monomials

WARNING:
--no typechecking--

H Description:

e Schur functions come with a second product, the inner product which stems from the Cartesian
product of alphabets. If dualized using the Schur-Hall scalar product, we obtain the inner
coproduct.

e The inner coproduct has the same comultiplication table (section coefficients) as the inner
products multiplication table. Therefore we can use the Murnaghan-Nakayama rule to evaluate
this map.

¢ Note that the inner product and the inner coproduct do not form a Hopf algebra but only a
bialgebra. There is no antipode.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > cinner(s[4]);
cinner(s[2,2,1]);

(s4 &ts4)+(s3’l &ts3’1)+(szjz&tsz’z)jL(sz’lj1 &tsz,l, 1)+(S1,1,1,1 &tsljl’l’l)
(s5&tsy 5 1)+ (5 &tsy o)+ (s, &tsy )+ (s, &tsy, )+ (s, &tsy )
(83, &tsy )+ (55, &ty o)+ (55, &tsy )+ (55, &tsy 5 )+ (855, &tsy )
(83, &tsy gy )+ (85 &tsy )+ (s, &tsy ) +2(s;  &tsy )
(85, &tsy 5 ) (85 &tsy gy )+ (8, &tss)+ (5,5 &ty )+ (s, , &tsy )

+(8y 0 &tsy )+ (85 &tsy o )+ (85, &ty )+ (8, &tsy )

Jr(52,1, 11 &ts372)+ (Sz, 1L1,1 &ts3’ 1, 1)+(Sz, 1,1 &tS2,2,1)+ (Sl,l,l, 11 &ts3,2)

‘ The inner coproduct has a counit, the projection onto the one part complete symmetric function of



| weight |\lambda| (recall s[n]=h[n])
| > eps_inner:=(x,y)->if nops([op(x)])=1 and "+ (op(x))="+" (op(y))

then y else 0 end if:
> subs( &t =eps_inner,cinner(s[2]));

eval (%) ;

eps_inner(s,, s,) + eps_inner(s, , s, )
)

> subs( &t =eps_inner,cinner(s[1l,1]));

eval (%) ;

eps_inner(s,, s, ;) + eps_inner(s, , s,)

L S1,1
o L>
H Algorithm used:

cinner is computed along the following lines:
\delta(x) = \sum_(\mu,\nu |-wt(x)) <inner(s[\mul],s[\nu] | x > s[\mu] &t s[\nu]

H See Also: SchurFki[inner]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[cmp2part] - projects a composition onto the related partition

Calling Sequence:

Iprt := cmp2part(cmp)

Parameters:
e cmp : acomposition (ordered list of integers)
Output:

e prt : a partition (unordered list of integers)

WARNING:

| --none--
H Description:

e To every composition of N (an ordered list of integers of fixed length summing up to N) one can
assign its unordered representation (obtained by sorting the entries in a standard form). This is the
associated partition. cmp2part is this projection from compositions to partitions.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > cmp2part([3,0,2,0,4]);
cmp2part([1,1,2,2,3]);
[4,3,2]
L [3,2,2,1,1]
Note that trailing zeros are pruned in the partition representation.

| If we product all compositions we find the following
| > cmp:=CompNM(3,7) ;

emp =[[3,0,0,0,0,0,0],[2,1,0,0,0,0,0],[2,0,1,0,0,0,0],[2,0,0,1,0,0,0],
[2,0,0,0,1,0,0],[2,0,0,0,0,1,0],[2,0,0,0,0,0,1],[1,2,0,0,0,0,0],
[1,1,1,0,0,0,0],[1,1,0,1,0,0,0],[1,1,0,0,1,0,0],[1,1,0,0,0,1,0],
[1,1,0,0,0,0,1],[1,0,2,0,0,0,0],[1,0,1,1,0,0,0],[1,0,1,0,1,0,0],
[1,0,1,0,0,1,0],[1,0,1,0,0,0,1],[1,0,0,2,0,0,0],[1,0,0,1,1,0,0],
[1,0,0,1,0,1,0],[1,0,0,1,0,0,1],[1,0,0,0,2,0,0],[1,0,0,0,1,1,0],
[1,0,0,0,1,0,1],[1,0,0,0,0,2,0],[1,0,0,0,0,1,1],[1,0,0,0,0,0,2],
[0,3,0,0,0,0,0],[0,2,1,0,0,0,0],[0,2,0,1,0,0,0],[0,2,0,0,1,0,0],




[0,2,0,0,0,1,0],0,2,0,0,0,0, 17,
[0,1,1,0,1,0,0],[0,1,1,0,0,1,0],
[0,1,0,1,1,0,0],[0,1,0,1,0,1,0],
[0,1,0,0,1,1,0],[0,1,0,0,1,0, 17,
[0,1,0,0,0,0,2],[0,0,3,0,0,0,0],
[0,0,2,0,0,1,0],[0,0,2,0,0,0, 1],
[0,0,1,1,0,1,0],[0,0,1,1,0,0, 17,
[0,0,1,0,1,0,11,[0,0,1,0,0,2,0],
[0,0,0,3,0,0,0],[0,0,0,2,1,0,0],
[0,0,0,1,2,0,0],[0,0,0,1,1,1,0],
[0,0,0,1,0,1,11,[0,0,0,1,0,0,2],
[0,0,0,0,2,0,11,[0,0,0,0,1,2,0],

[0,0,0,0,0,3,0],[0,0,0,0,0,2,1],
> map (cmp2part, cmp) ;

>

D Algorlthm used:

L

[0,1,2,0,0,0,0],
[0,1,1,0,0,0, 1],
[0,1,0,1,0,0, 1],
[0,1,0,0,0,2,0],
[0,0,2,1,0,0,0],
[0,0,1,2,0,0,0],
[0,0,1,0,2,0,0],
[0,0,1,0,0,1,1],
[0,0,0,2,0,1,0],
[0,0,0,1,1,0,1],
[0,0,0,0,3,0,0],
[0,0,0,0,1,1,1],
[0,0,0,0,0,1,2],

[2,1],[1,1,1]]

H See Also: SchurFkt[cmp2prtMult], SchurFkt{CompNM]

| Last modified: June 19, 2008/BF/RA

[0,1,1,1,0,0,0],
[0,1,0,2,0,0,0],
[0,1,0,0,2,0,0],
[0,1,0,0,0,1,1],
[0,0,2,0,1,0,0],
[0,0,1,1,1,0,0],
[0,0,1,0,1,1,0],
[0,0,1,0,0,0,2],
[0,0,0,2,0,0,1],
[0,0,0,1,0,2,0],
[0,0,0,0,2,1,0],
[0,0,0,0,1,0,2],
[0,0,0,0,0,0,3]]

sort (convert (convert (%,set) ,1list) ,grAlexComp) ;
[([3L,[2,1,[2,1),[2,1),[2,1]),[2,1],[2, 1], [2, 1,1, 1,1],[1,1,1],[1,1,11,
(L, L2, 1t 1,0, [, 1, 1,2, 1,11, 1, 1], [ 1,1, 1],
(L1, 1,2, 1), (L, 1, 0,0, 1,1, (2, 1,11, 1,10,[2,1],[3),[2,1],[2,1],[2,1],[2,1]
(2,1, (2, 1L, (1, L, 0, [, 0, (1, 1,0, 2, 1], (1,1, 1, (1,1, 1], [1, 1, 1],
(2,1, (1, 1,1, [, 0,12, 1, [, L, 1,2, 1L, (3], (2,1, [2,1],[2,1],[2,1],[2,1],
(L, [, ), 2,1, (0, [, 12, 1, (L, L, 1,12, 1L, [3],[2, 11,
(2,112, 1, (2, 1, (1, L, 0, [, 0,00, 2, 1], (1,1, 1], [2,1),[3,[2,1],[2,1],[2,1],
[LL1LI2, 1503102, 11,[2,1],[3]]
[[3],

| Compositions may be grouped into orbits as preimage of the partition obtained under cmp2part.
| The cardinality of this orbit is computed by cmp2prtMult.

| cmp2part just sorts the composition into decreasing order and prunes the trailing zeros.

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.



L‘J Function: SchurFkt[cmp2prtMult] - computes the length of the orbit of compostions which
project under sorting to the same partition

Calling Sequence:

prt := cmp2prtMult(cmp))

Parameters:

e cmp : a composition
Output:

e int : an integer

WARNING:

| --none--
H Description:

e Internal use mainly.

H Examples:

[ > restart:with (SchurFkt) ;

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

[AlexComp, CharHook, CompNM, FLAT, Frob2part, GesselThetaP, GesselThetaS, KostkaPC,
KostkaTable, LaplaceM, LaplaceM mon, LaplaceTable, MLIN, MurNak, MurNak2, PartNM,
Scalar, ScalarHM, ScalarMH, ScalarP, antipE, antipH, antipM, antipMC, antipP, antipS,
branch, cinner, cinnerP, cmp2part, cmp2prtMult, concatM, conjpart, counitlnnerP,
counitlnnersS, couter, couterE, couterH, couterM, couterON, couterP, cplethP, cplethS, dimSN
e to h,e to s, evalJacobiTrudiMatrix, getSfktSeries, grAlexComp, h_to_m, h_to_s, inner,
innerH, innerP, isLattice, m_to_p, maxlengthSymFkt, mset2part, outer, outerE, outerH,
outerM, outerON, outerP, outerS, p_to_m, p_to_s, part2Frob, part2mset, plethP, plethsS,
plethSnm,s to h,s to hJT,s to hmat,s to p,s to x, skew, sq coeff, truncLEN, truncWT,

L X _to s, zee]

[ > cmp2prtMult([2,0,1,1]);

cmp2prtMult([0,3,1,0]);

18

L 12

| We study the orbits of the the projection of compositions of 4 into 6 parts onto partitions of 4:
| > prt:=PartNM(4,6) ;

cmp2prtMult([4,0,0,0,0,0]); # orbit of [4]




cmp2prtMult([3,1,0,

1,0 ,01) orbit of [3,1]
cmp2prtMult([2,2,0,
1,1
1

0,0 #

0,0,0]1); # orbit of [2,2]
,0,0,0]1); # orbit of [2,1,1]
1,0,0]1); # orbit of [1,1,1,1]

14

cmp2prtMult([2, ’
cmp2prtMult ([1,1,
cmp : =CompNM (4, 6) :
outl:=map (cmp2prtMult,cmp); # compute the multiplicities
nops (outl) ;
convert (outl, set) ;
“+7 (op (%)) # add tem up as a test
prt =[[4],[3,1],[2,2],[2, 1,1],[1,1,1,1]]

6

30

15

75

15

outl =16, 30, 30, 30, 30, 30, 15, 75, 75, 75, 75, 15, 75, 75, 75, 15, 75, 75, 15, 75, 15, 30, 75,

75,75,75, 75,15, 15, 15,75, 15, 15, 75, 15, 75, 30, 75, 75, 75, 75, 15, 15, 75, 15, 75, 30, 75,
75,75, 15,75, 30, 75, 75, 30, 6, 30, 30, 30, 30, 15, 75, 75, 75, 15, 75, 75, 15, 75, 15, 30, 75,
75,775,775, 15, 15,75, 15, 75, 30, 75, 75, 75, 15, 75, 30, 75, 75, 30, 6, 30, 30, 30, 15, 75, 75,
15,75, 15, 30, 75,75, 75, 15, 75, 30, 75, 75, 30, 6, 30, 30, 15, 75, 15, 30, 75, 75, 30, 6, 30, 15,

14

14 14

30,6]
126
{6,15,30,75}
L 126
CL>
H Algorithm used:
[ --NA--
[

H See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt{CompNM] - produces a list of compositions of N into M parts

Calling Sequence:

Ist := CompNM(N,M)

Parameters:
e N,M : nonnegative integers
Output:

e Ist : list of compositions (list of integers) of N into M parts

WARNING:

Maple's combinat package contains a similar function which returns the partitions in a different
(lexicographical) ordering.

ﬂ Description:

e CompNM takes two integers as input and produces a list of lists of integers (a list of
compositions). A composition is an ordered collection of nonnegative integers which add up to
the given number N. The number of elements in this decomposition (including zeros and
multiplicities) is M.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| Just a few examples:
| > CompNM(5,2) ;
CompNM (2,2) ;
CompNM (2 ,4) ;
CompNM (3, 4) ;

[[5,0],[4,1],[3,2],[2,3],[1,4].[0,5]]
[[2,0],[1,1],[0,2]]
[[2,0,0,0],[1,1,0,0],[1,0,1,0],[1,0,0,1],[0,2,0,0],[0,1,1,0],[0,1,0, 1],
[0,0,2,0],[0,0,1,1],[0,0,0,2]]
[[3,0,0,0],[2,1,0,0],[2,0,1,0],[2,0,0,1],[1,2,0,0],[1,1,1,0],[1,1,0,1],
[1,0,2,0],[1,0,1,1],[1,0,0,2],[0,3,0,0],[0,2,1,01,[0,2,0,1],[0,1,2,0],

[0,1,1,1],10,1,0,2],10,0,3,0],[0,0,2,1],[0,0,1,2],[0,0,0, 3] ]
| Some dangerous or illegal cases:




[ > CompNM(0,0); # no composition at all
CompNM(-1,2); # illegal, but no error generated '!
CompNM(4,-1); # illegal, but no error generated !

[]
[]
I []

| Note that the list of compositions can be used to produce certain symmetrized complete symmetric
| functions in explicit form on the x variables
| > h_to x:=proc(m,nopsvar)
local cmp,cl,f;
cl:="+" (op(m)) :
cmp : =CompNM (cl,nopsvar) ;
f:=(1st)->mul (x[i]*1st[i],i=1. .nops(1lst));
"+ (op(map (£,cmp) ) ) ;
| end proc:
"> h_to x(h[2],2);
h_to x(h[2],3);
h_to x(h[2],4);
h to x(h[2],5);

2 2
X +x1 X2+X2

2 2 2
Xy +)C1 x2+x1 X5 +)C2 +X2X3 +x3

2 2 2 2
X +x1x2+x1x3+x1x4+x2 +)C2X3+X2)C4+X3 +x3x4+x4

2 2 2 2
X +x1x2+x1x3+x1x4+x1x5+x2 +x2x3+x2x4+x2x5+x3 +x3x4+x3x5+x4 +X4X5

2
+ X5

>h to x(h[2,1],3);
h to x(h[2,2],3); # terms may be missing
h to x(h[1,1,1,1],2);
h to x(h[1,1,1,1],4); # terms may be missing
3 2 2 2 2 3 2 2 3
X FX) X FX X3 X X, FX XX HX Xy HX, HX, Xy +X, X +X
4 3 3 2 2 2 2 2 3 2 2 3 4
X, FX] Xyt X XX, Xy, X XXy hX] Xy FX X, XX, XyHX XX, +X Xy +X,
3 2 2 3 4
X, Xyt X, Xy FX, Xy +X
4 3 2 2 3 4
X, FX, X, FX X, XX, +X,
3 2 3 2 2 2 2 2 2
XyX, +Xy X3X,+X; X H X Xy X, H X Xy X, H X X, FX; X, Xy + XXy Xy X, + XXy X,

2 2 3 3 2 2 3 3 2 2 3 3
+x1x3 x4+x1x3x4 +x1x4 +x2 x3+x2 X3 +x2x3 +x3 x4+x3 Xy +x3x4 +x1 Xy




3 2 2 4 4 2 2 2 3 2 2 3 4
X Xy hX Xy FX] FX, X XXy hX Xy FX X, XX, XphX XX, +X Xy +X,
3 2 2 2 2 4
| TXy X, HXy Xy FXy Xy Xy H X, XX, +X,
| Note: If a symmetric function is stable, then its form does not depend on the numbers of variables

if that number N is large enough. In specifying the number of variables to be small, certain
| syzygies appear.
>

Algorithm:

| The algorithm used is that of the Maple combinat package, but adapted to the inverse order.
See Also: SchurFkt[PartNM], Maple's combinat

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt[concatM] - Divided powers concatenation product (needed for Rota-Stein
cliffordization)

Calling Sequence:

mfkt := concatM(mftkt1,mfkt2,...)

Parameters:
e mfkti : monomial symmetric functions
Output:

e mfkt : a monomial symmetric function

WARNING:

-- note that this concatenation has nothing to do with the concatenation used to implement the outer
product of symmetric function for the multiplicative bases (p,h,e), but is a new product!

ﬂ Description:

e The concatM product is used to implement the outer product of symmetric function in the
monomial symmetric function basis. It is not the outer product of monomial symmetric
function, but a freely generated algebra of the underlying module.

e According to Rota and Stein one can represent monomial symmetric functions via a single
generator (alphabet) in a special setting. This is done as follows:

1) Consider the symmetric (tensor) algebra in one generator a and denote it as S(a). Take the
module of the

kernel of the counit of this Hopf algebra, which is denoted as S"+(a) = a+ (axa) sym +
(axaxa) sym +.... =Z[a]"+

(the unit element, that is the grade zero part, is missing).
i1) Build the Divided powers algebra over the module S*+(a) spanned by the elements a"k. A
basis monomial of this space reads

m \lambda = (a*1)(r]) (@"2)(12) ... () (r])

where the ri are the multiplicities of the partition \lambda=[1"r1 2*r2 3”3 .... 1"r] ] . This
module is denoted as Div[S”+(a)]. It carries the divided powers multiplication as algebra
structure.

e The concatenation product | | (free product) is implemented by demanding that

[ (@) M(s)(@™u)M(v) if r<>3s

(D) @ 0s) ] @wv)= |

[ binomial( st+v, v) * (a”r)(s+v) else



This turns Div[S*+(a)] into an divided powers algebra with infinitely many generators.

e The outer product for monomial symmetric function is then obtained by a cliffordization using the
Laplace pairing LaplaceM , see outerM.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| concatM is symmetric:
[ > concatM(m[1l],m[2]);
concatM(m[2] ,m[1]) ;
concatM(m[2] ,m[2]) ; # divided powers prefactor!
concatM(m[3,3] ,m[3,3]); # divided powers prefactor!
m, 4
my
2 my ,

615 55 5
| concatM is multilinear and can handle arbitrarily many arguments (but needs at least one).
[ > concatM(m[3,2,1]);
concatM(m[2] ,m[1] ,m[1]);
concatM(m[3,2] ,m[3,2],m[1,1],m[1]);
M3 1.1
2m2,1,l
| > concatM(2*m[2]+m[3] ,m[1]+3*m[4]) ;
2my  +6my ,+my  +3my

| Test for special cases:
| > concatM(); # ERROR one argument needed!

Error, (in SchurFkt:-concatM) invalid subscript selector

r > concatM(0) ,concatM(m[0]) ;
concatM(m[]); ## should not occure as input...

0, m,

m

>

Algorithm used:



{ The above described multiplicative representation is used to implement verbatim the divided

powers structure.

L[
H See Also: SchurFkt[outerM], SchurFkt[outer], SchurFkt[LaplaceM]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[conjpart] - computes a conjugate partition

Calling Sequence:

prt2 := conjpart(prtl)

Parameters:

e prtl :integer partition
Output:

e prt2 :integer partition
WARNING:

| --none--
H Description:

¢ An integer partition may be represented as a Young diagram (in Anglo-Saxon notation using
indices as in matrices). Such a diagram has a main diagonal and we flip the diagram mirroring at
this diagonal. The mirrored diagram gives rise to another partition which is called conjugate
partition.

e conjpart is an involution. Since it is obtained from mirroring the diagram this is obvious.

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > conjpart([3,2]);
conjpart([5]) ;
conjpart([2,2,2,2]);
[2,2,1]
[1,1,1,1,1]
[4, 4]
> prt:=PartNM(4,4) :prt;
map (conjpart,prt) ;
[[4],13,1],[2,2],[2,1,1],[1,1,1,1]]

I (01, 1L, 1,101,021, 11, 12,21, [3, 1], [4]1]
| Note that conjpart inverses the grAlexComp total order which we use on partitions.

| Show that conjpart is an involution:
> conjpart([3,3,1,1,1,1]);
conjpart (%) ;




#
conjpart([4,4,2,1,1,1]);
conjpart (%) ;

[6,2,2]
[3,3,1,1, 1, 1]
[6,3,2,2]
L [4,4,2,1,1,1]
L[>
HAlgorithm used:

The length of the partition gives the first entry of the conjugate partition. Subtract the last element
from all former element and add as many times the length of the partition as the last element is in
magnitude, continue by recursion on the length.

L

ﬂ See Also: SchurFkt[grAlexComp], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[couter] - the outer coproduct in the Schur function basis

Calling Sequence:

stens := couter(sfkt,...)

Parameters:
e sftkt : Schur functions
Output:

e stens: 2 tensor made out of Schur function monomials

WARNING:

| --none--
H Description:

e couter implements the outer coproduct in the Schur function basis.

¢ Since the Hopf algebra of symmetric function is self dual, the outer coproduct of the Schur
functions is obtained by dualizing the product on the dual basis. This implies that the outer
coproduct can be derived directly using the Littlewood-Richardson rule:

(1) \delta(s[\lambda]) =\sum_{\mu,\nu} c™lambda {\mu\nu} s[\mu] x s[\nu] (x = tensor)

where the sum is over all pairs of partitions \mu,\nu such that the sum of their weight is equal to
the weight of \lambda.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

[ > couter(s[2]);
couter(s[2,2]);
couter (s[2,1]) ;
couter (2*s[3,1]+s[2,1]);

(5o &ts,)+ (s, &ts,)+ (s, &ts,)
(5o &tsy 5) + (55, &tsg)+ (s, &ts))+ (s, &tsy)+ (s, | &ts; )+ (s, &ts, )
(5o &tsy )+ (s, &tsg)+ (s, &ts))+(s; | &ts))+ (s &tsy)+ (s, &ts; )
2(sg&tsy () +2 (55 &tisg)+2(s3&ts)+2(s, &ts))+2(s, &ts,)+2 (s | &ts,)
+2(sy; &ts) | )+2 (s &tsy)+2 (s &tsy )+ (55 &ts, )+ (s, &tsy) + (s, &ts))




(s, &ts)) (s, &tsy) + (s, &tsy )

| Show that the coproduct outer and the outer product outer fulfill the compatibility axiom for Hopf
| algebras

[ > £:=(a,b,c,d)->&t (outer(a,c) ,outer(b,d)):

&t (couter(s[1l]) ,couter(s[2])):

eval (subs( &t =£,%)) ;

couter (outer(s[1l],s[2])) ;

&t(sy, 51, 805 S,) + &t(5y, 51, 8,5, 5y) + &t(5y, 51,8, 8, ) + &t(sy, 50, S, S, ) + &t(s5y, 50, S5, 5)
+ &t(sy, 5, 51, 5,)
(5o &ts3)+ (5o &tsy | )+2 (s, &ts))+2 (s &tsy)+ (s &ts) )+ (53 &ts))+ (s, &ts)

+ (51,1 &ts,)
(59 &tisy) + (59 &tsy | )+2 (s, &ts))+2(s) &tsy)+ (s &ts )+ (55 &ts,)+ (s, | &tsp)
| + (51,1 &ts,)
| Test cases:
[ > couter (0) ; # returns zero
couter(s[0]); # special case since m[0] is te image of the
counit
0
| 5o &ts,
>
H Algorithm used:

| A straight forward implementation of the rhs of (1) using the Littlewood-Richardson coefficients.

L
H See Also: SchurFkt[outer], SchurFkt[Overview] (there are many outerA and couterA functions for

basis 'A")

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




/= Function:
SchurFkt[couterE] - the outer coproduct in the elementary symmetric function basis

SchurFkt[couterH] - the outer coproduct in the complete symmetric function basis
SchurFkt[couterP] - the outer coproduct in the power sum basis

Calling Sequence:

mtens := couterE(efkt)
mtens := couterH(hfkt)
mtens := couterP(pfkt)

Parameters:

e cfkt : elementary symmetric function
htkt : complete symmetric function
ptkt : power sum symmetric function

Output:

e mtens : 2 tensor made out of [elementary|complete|power sum] symmetric function monomials
(input and output type coincide)

WARNING:

| --none--
H Description:

e couterE, couterH and couterP describe the outer coproduct in the elementary, complete and
power sum basis.

e The procedures for couterE and couterH are the same. The outer coproduct of these bases is
derived from the following facts:
- The outer coproduct is an algebra homomorphism of the outer product algebra
\Delta(x.y) = \Delta(x).\Delta(y)

- The outer coproduct in the elementary and complete basis for one part partitions e[n] or h[n] are
obtained from

\Delta(e[n]) = \sum_{r=0}"n e[n-r] \otimes e[r]

\Delta(h[n]) =\sum_{r=0}"n h[n-r] \otimes h[r]

hence the one part functions in the e- and h-basis obey a coproduct of a divided powers algebra.

e The power sum coproduct is also reduced to one part power sum via the homomorphism property,
however, the power sums enjoy a binomial coproduct rule steming from dualizing a polynomial
algebra (recall that the power sum symmetric functions are orthogonal, but not normalized and
hence self dual). One gets:

\Delta(p[n]) = p[n]\stemming] + 1 \otimes p[n]
and the one part power sum functions are the primitive elements of the outer coalgebra of
symmetric functions. This can be written as




p[n](x,y) = p[n](x)+p[n](y) and due to the fact that p[n](x) =\sum_{i=1}"N x _i"n one gets the
binomial relation.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

[ > couterE (e[2]);

couterE (e[2,2]);

couterE (e[2,1]);

couterE (2*e[3,1]+e[2,1]) ;

-T== 14

couterH(h[2]);

couterH (h[2,2]);
couterH(h[2,1]);
couterH(2*h[3,1]+h[2,1]) ;

(e, &tey) + (e, &te)+ (e, &te,)
(e, ,&te))+2 (e, &te)+2(e,&te))+(e &te |)+2(e &te, )+ (ey&te, ;)
(e)  &tey) + (e, &te)+ (e &te)+ (e &te )+ (e &te,))+(ey&te, )
2(e;  &tey)+2(es&te)+2(e,  &te)+2(e,&te |)+2(e  &te,)+2(e &te, )
+2 (e &tey)+2(ey&tey )+ (e, &tey)+ (e, &te)+ (e | &te))+ (e &te )
+ (e &tey) + (e &te, )

" "

(h, &thy)+ (hy &th))+ (h,&th,)
(hy , &thy)+2(hy | &th))+2(hy & hy)+ (hy  &thy )+2(h &thy )+ (hy&th,,)
(hy | &thy)+ (hy &th)+(h  &th)+(h &th )+ (h &thy)+(hy&th, )
2(hs  &thy)+2(hy &th)+2(hy  &th)+2(hy&th, )+2(h | &thy)
+2(hy &thy )+2(h &t hy)+2 (hg&thy )+ (hy | &thy) + (hy &th))+(h  &th))
| +(hy &thy )+ (h &thy)+ (hy&th, )
| Hence the two coproducts behave the same way. However we find:
> couterP(p[2]);
couterP(p[2,2]); # (x+y)” 2= x*2 + 2*x*y + y*2
couterP(p[2,1]);
couterP (2*p[3,1]+p[2,1]);

(lbi&tp0)+(j%<&tp2)
(Py,, &tpy) +2(py &tpy) +(py &t p, 5)
(p;1‘&tpo)+(16‘&tp1)+(lﬁ‘&tp2)+(f%‘&tp11)




2 (p3,1 &tpy) +2(ps &tp))+2(p, &tp;)+2(p, &tp3, )+ (pz,1 &tpy) +(p, &tp,)

I +(p, &tpy) +(py &tp, 1)

| Show that the coproduct outerE and the outer product outerE fulfill the compatibility axiom for
| Hopf algebras

> f£f:=(a,b,c,d)->&t (outerE(a,c) ,outerE(b,d)):

&t (couterE(e[l]) ,couterE(e[2])):

RHS:=eval (subs( &t ' =£,%)) ;

LHS:=couterE (outerE (e[1l],e[2]))

RHS = (e, | &tey) + (e, &te)) + (e &te))+ (e &te )+ (e &tey))+(ey&te, )
| LHS := (e, | &tey) + (e, &te)) + (e | &te))+ (e &te )+ (e &te,y)+ (g, &te, )
. We proceed by showing a few critical cases:
| > couterP(0) ,couterP(sin(x)) ;

couterE (0) ,couterE (1-g*2) ;
couterH (0) ,couterH (a) ;

0, sin(x) (p, &tp,)
0,(1-¢") (e, &te,)
| 0,a(hy&thy)

| > couterP(p[0]);

couterE (e[0]) ;
couterH(h[O0]);

Py &tp,

e, &te,

| hy &t hy,

| we show that the coproduct is a linear map over <anything> but the basis monomials.
> expand (couterP (g*2*p[0]+g*p[1l]+p[2]));

expand (couterH (q*2*h[3]+q*h[2,1]+h[1,1,1]));

expand (couterE (a*e[3]+b*e[2,1]+c*e[1,1,1]));

q" (po &tpy) +q (p, &tpy) +q (py &tp)) + (p, &tpy) + (py &t p,)

q" (hy &thy)+q° (hy &th)+q” (hy &thy) +q° (hy &t hy)+q (hy | &thy)+q (hy &th))
+q(hy  &th)+q(h &thy )+q(h & hy)+q(hy&thy )+ (h  &thy)
+3(hy  &th)+3(h &thy )+ (hy&th )

a(e;&tey)+a(e,&te)ta(e &te))+a(ey&te)+b(e, &tey)+b(e,&te))
+b(e &te)+b(e &te | )+b(e &te))+b(ey&te, )+c(e | &tey)
+3c(e &te)+3c(e &te |)+c(e, &te | )

>

Algorithm used:



| see description above.

L[
H See Also: SchurFkt[outerP], SchurFkt[outerH]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




/= Function:
SchurFkt[couterE] - the outer coproduct in the elementary symmetric function basis

SchurFkt[couterH] - the outer coproduct in the complete symmetric function basis
SchurFkt[couterP] - the outer coproduct in the power sum basis

Calling Sequence:

mtens := couterE(efkt)
mtens := couterH(hfkt)
mtens := couterP(pfkt)

Parameters:

e cfkt : elementary symmetric function
htkt : complete symmetric function
ptkt : power sum symmetric function

Output:

e mtens : 2 tensor made out of [elementary|complete|power sum] symmetric function monomials
(input and output type coincide)

WARNING:

| --none--
H Description:

e couterE, couterH and couterP describe the outer coproduct in the elementary, complete and
power sum basis.

e The procedures for couterE and couterH are the same. The outer coproduct of these bases is
derived from the following facts:
- The outer coproduct is an algebra homomorphism of the outer product algebra
\Delta(x.y) = \Delta(x).\Delta(y)

- The outer coproduct in the elementary and complete basis for one part partitions e[n] or h[n] are
obtained from

\Delta(e[n]) = \sum_{r=0}"n e[n-r] \otimes e[r]

\Delta(h[n]) =\sum_{r=0}"n h[n-r] \otimes h[r]

hence the one part functions in the e- and h-basis obey a coproduct of a divided powers algebra.

e The power sum coproduct is also reduced to one part power sum via the homomorphism property,
however, the power sums enjoy a binomial coproduct rule steming from dualizing a polynomial
algebra (recall that the power sum symmetric functions are orthogonal, but not normalized and
hence self dual). One gets:

\Delta(p[n]) = p[n]\stemming] + 1 \otimes p[n]
and the one part power sum functions are the primitive elements of the outer coalgebra of
symmetric functions. This can be written as




p[n](x,y) = p[n](x)+p[n](y) and due to the fact that p[n](x) =\sum_{i=1}"N x _i"n one gets the
binomial relation.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

[ > couterE (e[2]);

couterE (e[2,2]);

couterE (e[2,1]);

couterE (2*e[3,1]+e[2,1]) ;

-T== 14

couterH(h[2]);

couterH (h[2,2]);
couterH(h[2,1]);
couterH(2*h[3,1]+h[2,1]) ;

(e, &tey) + (e, &te)+ (e, &te,)
(e, ,&te))+2 (e, &te)+2(e,&te))+(e &te |)+2(e &te, )+ (ey&te, ;)
(e)  &tey) + (e, &te)+ (e &te)+ (e &te )+ (e &te,))+(ey&te, )
2(e;  &tey)+2(es&te)+2(e,  &te)+2(e,&te |)+2(e  &te,)+2(e &te, )
+2 (e &tey)+2(ey&tey )+ (e, &tey)+ (e, &te)+ (e | &te))+ (e &te )
+ (e &tey) + (e &te, )

" "

(h, &thy)+ (hy &th))+ (h,&th,)
(hy , &thy)+2(hy | &th))+2(hy & hy)+ (hy  &thy )+2(h &thy )+ (hy&th,,)
(hy | &thy)+ (hy &th)+(h  &th)+(h &th )+ (h &thy)+(hy&th, )
2(hs  &thy)+2(hy &th)+2(hy  &th)+2(hy&th, )+2(h | &thy)
+2(hy &thy )+2(h &t hy)+2 (hg&thy )+ (hy | &thy) + (hy &th))+(h  &th))
| +(hy &thy )+ (h &thy)+ (hy&th, )
| Hence the two coproducts behave the same way. However we find:
> couterP(p[2]);
couterP(p[2,2]); # (x+y)” 2= x*2 + 2*x*y + y*2
couterP(p[2,1]);
couterP (2*p[3,1]+p[2,1]);

(lbi&tp0)+(j%<&tp2)
(Py,, &tpy) +2(py &tpy) +(py &t p, 5)
(p;1‘&tpo)+(16‘&tp1)+(lﬁ‘&tp2)+(f%‘&tp11)




2 (p3,1 &tpy) +2(ps &tp))+2(p, &tp;)+2(p, &tp3, )+ (pz,1 &tpy) +(p, &tp,)

I +(p, &tpy) +(py &tp, 1)

| Show that the coproduct outerE and the outer product outerE fulfill the compatibility axiom for
| Hopf algebras

> f£f:=(a,b,c,d)->&t (outerE(a,c) ,outerE(b,d)):

&t (couterE(e[l]) ,couterE(e[2])):

RHS:=eval (subs( &t ' =£,%)) ;

LHS:=couterE (outerE (e[1l],e[2]))

RHS = (e, | &tey) + (e, &te)) + (e &te))+ (e &te )+ (e &tey))+(ey&te, )
| LHS := (e, | &tey) + (e, &te)) + (e | &te))+ (e &te )+ (e &te,y)+ (g, &te, )
. We proceed by showing a few critical cases:
| > couterP(0) ,couterP(sin(x)) ;

couterE (0) ,couterE (1-g*2) ;
couterH (0) ,couterH (a) ;

0, sin(x) (p, &tp,)
0,(1-¢") (e, &te,)
| 0,a(hy&thy)

| > couterP(p[0]);

couterE (e[0]) ;
couterH(h[O0]);

Py &tp,

e, &te,

| hy &t hy,

| we show that the coproduct is a linear map over <anything> but the basis monomials.
> expand (couterP (g*2*p[0]+g*p[1l]+p[2]));

expand (couterH (q*2*h[3]+q*h[2,1]+h[1,1,1]));

expand (couterE (a*e[3]+b*e[2,1]+c*e[1,1,1]));

q" (po &tpy) +q (p, &tpy) +q (py &tp)) + (p, &tpy) + (py &t p,)

q" (hy &thy)+q° (hy &th)+q” (hy &thy) +q° (hy &t hy)+q (hy | &thy)+q (hy &th))
+q(hy  &th)+q(h &thy )+q(h & hy)+q(hy&thy )+ (h  &thy)
+3(hy  &th)+3(h &thy )+ (hy&th )

a(e;&tey)+a(e,&te)ta(e &te))+a(ey&te)+b(e, &tey)+b(e,&te))
+b(e &te)+b(e &te | )+b(e &te))+b(ey&te, )+c(e | &tey)
+3c(e &te)+3c(e &te |)+c(e, &te | )

>

Algorithm used:



| see description above.

L[
H See Also: SchurFkt[outerP], SchurFkt[outerH]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




L‘J Function: SchurFkt[couterM] - the outer coproduct in the monomial symmetric function basis

Calling Sequence:

mtens := couterM(mfkt)

Parameters:
e mfkt : monomial symmetric function
Output:

e mtens : 2 tensor made out of monomial symmetric function monomials

WARNING:

| --none--
H Description:

e couterM implements the outer coproduct in the monomial symmetric function basis.

¢ Since the Hopf algebra of symmetric function is self dual, the outer coproduct of the monomial
symmetric functions is obtained by dualizing the product on the dual basis. This dual basis is the
multiplicative basis of complete symmetric functions. Therefore is the coproduct given by
unordered deconcatenation.

\Delta m_\mu = \Delta (a"1)*(\mul)...(a"])"(\mul)
=\sum_(\mu+\mu”") (a*1)*(\mul’) ... (@*"1)*(\mul”) &t (a*1)*(\mul"’)...(a”)*(\mul"")

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

[ > couterM(m[2]) ;
couterM(m[2,2]); # note, that we do not have multiplicities!
couterM(m[2,1]) ;
couterM(2*m[3,1]4+m[2,1]) ;

(my &tmy) + (my &t m,)
(rnz’2 &tm) + (m, &tm,) + (m;, &t mz,z)
(my | &tmy) +(m; &tmy) + (my &tm )+ (my&tm, )
2(my  &tmg)+2 (my &tmy)+2 (my &tmy)+2(myg&tms )+ (m, | &tmg)+ (m &tm,)
+(my &tm,)+(m, &tmz,l)

' Show that the coproduct outerM and the outer product outerM fulfill the compatibility axiom for
| Hopf algebras.




|

gl

> £:=(a,b,c,d)->&t (outerM(a,c) ,outerM(b,d)) :

&t (couterM(m[1l]) ,couterM(m[2])) ;
eval (subs (&t '=£,%)) ;
couterM(outerM(m[1l] ,m[2])) ;

&t(m,, my, m,, my) + &t(m,, my, my, m,) + &t(my, m,, my, my) + &t(my, m;, my, m,)

(my &tmy) + (my | &tmg) + (my &t my) + (my &tm,) + (my &t my) + (my &tm, )

(my &tmy) + (my | &tmy) + (my &tmy) + (my &tm) + (my &t my) + (my &tm, )
Note The pair of a product and coproduct (concatM,couterM) also fulfill the compatibility axiom

| of a Hopf algebra and can be shown to be a graded commutative cocommutative Hopf algebra too!
> £:=(a,b,c,d)->&t(concatM(a,c) ,concatM(b,d)):

&t (couterM(m[1l]) ,couterM(m[2])) ;
eval (subs (&t '=£,%)) ;
couterM(concatM(m[1],m[2])) ;

&t(m,, my, m,, my) + &t(m,, my, my, m,) + &t(my, m,, my, my) + &t(my, m;, my, m,)
(my | &tmy) +(m; &tmy) + (my &tm)+(my&tm, )
(my | &tmy)+ (m; &tm,) +(my &tm,)+ (m, &tm, )

Note The pair of a product and coproduct (LaplaceM,couterM) also fulfill the compatibility
axiom but do not form a Hopf but only a bialgebra! The two Hopf algebras displayed above are

| related via a deformation by a bialgebra given by this pair!
| > £f:=(a,b,c,d)->&t (LaplaceM(a,c) , LaplaceM(b,d)):

&t (couterM(m[1l]) ,couterM(m[2]));
eval (subs( &t ' =£,%)) ;
couterM(LaplaceM(m[1] ,m[2])) ;
&t(m,, my, m,, my) + &t(m,, my, my, m,) + &t(my, m,, my, my) + &t(mgy, m, my, m,)
(my &tmy) + (my &t m,)
(my &tmy) + (my &tmy)

| Test cases:

[ > concatM(0) ; # returns zero
concatM(m[0]); # special case since m[0] is te image of the
counit

0
L my
>
H Algorithm used:

A straight forward implementation of the split of the partition into two pieces in the multiplicative
representations.

See Also: SchurFkt[outerM], SchurFkt[concatM], SchurFkt[LaplaceM]



(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA.



L‘J Function: SchurFkt[couterON] - outer coproduct for the O(n) groups in the stable limit N->
infinity

Calling Sequence:

sftk := outerON(stkt1,sfkt2,...)

Parameters:

e sfkti : one or more orthogonal Schur functions
Output:

e sfkt : orthogonal Schur function

WARNING:

Note: SchurFkt does not distinguish bases for different groups. Hence a function s[3,2,2] may be
regarded as a GL(N) character or as an orthogonal group character. The user is responsible for
keeping track of this fact!

Note: The procedure outerON acts on characters in the stable limit, that is on formally infinite
dimensional groups. This is to avoid syzygies between the group characters, which occur in low
dimensions and require so-called modification rules to be applied.

H Description:

o If we regard the Schur functions os \lambda [in Littlewood notation this reads as [\lambda] in
SchurFkt it is denoted as s[11,12,...] ] as irreducible characters of the orthogonal group, we can ask
the question what the Glebsch-Gordan decomposition for this character may be. This problem was
solved by Newell and Littlewood for the orthogonal and symplectic case:

(1) [\mu] x [\nu] =\sum_\zeta [\mu/\zeta . \nu/\zeta]

where the . indicates the outer product of the GL representation ring and the sum is over all
partitions.

e outerON can be obtained using the command branch .

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

> outer(s[1l],s[1]):

outerON(s[1],s[1]); # additional s[0] appears

S2+S1’1

Sy +8 1 +S,



| outerON is still symmetric

[ > outerON(s[2],s[2]+s[1,1]);

outerON (s[2]+s[1,1],s[2]);
s4—i-2s3’1—i—s2’2+2s2—i-2s1’1—i—s0+s2’1’1
s4—i-2s3’1—i—s2’2+2s2—i-2s1’1—i—s0+s2’1’1

| outerON is associative
[ > outerON(s[2],outerON(s[1l],s[2,1]));
outerON (outerON(s[2],s[1]),s[2,1]);

4s2+4s1,1+s0+2s4+6s3’1+4sz’2+532’1’1+s5’1+2s4’2+2s4’1’1+s3,3+3s3’2,1
TS 1TSS 1,152,011
dsy+4s)  +Sg+2s, 4683  +485,,+58, | +85 T2 0+ 28, TS5 3+38;5,

TS LTS0S 1T 52 100

| outerON can act on many slots since its associative.
[ > outer(s[1],s[1],s[1]);
outerON(s[1l],s[1],s[1]);

s3+2s2’1+s1’1,1
s3+2s2,1+3sl+sl,1,1

| Some special and critical cases:
[ > outerON(O0) ;
outerON(s[0]) ;

>
H Algorithm used:
outerON is implemented along the formula (1) displayed above. There exists literature on domino

tableaux which give direct combinatorial access to the multiplication coefficients which could be
faster.

L
H See Also: SchurFkt[outer], SchurFkt[couter], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




/= Function:
SchurFkt[couterE] - the outer coproduct in the elementary symmetric function basis

SchurFkt[couterH] - the outer coproduct in the complete symmetric function basis
SchurFkt[couterP] - the outer coproduct in the power sum basis

Calling Sequence:

mtens := couterE(efkt)
mtens := couterH(hfkt)
mtens := couterP(pfkt)

Parameters:

e cfkt : elementary symmetric function
htkt : complete symmetric function
ptkt : power sum symmetric function

Output:

e mtens : 2 tensor made out of [elementary|complete|power sum] symmetric function monomials
(input and output type coincide)

WARNING:

| --none--
H Description:

e couterE, couterH and couterP describe the outer coproduct in the elementary, complete and
power sum basis.

e The procedures for couterE and couterH are the same. The outer coproduct of these bases is
derived from the following facts:
- The outer coproduct is an algebra homomorphism of the outer product algebra
\Delta(x.y) = \Delta(x).\Delta(y)

- The outer coproduct in the elementary and complete basis for one part partitions e[n] or h[n] are
obtained from

\Delta(e[n]) = \sum_{r=0}"n e[n-r] \otimes e[r]

\Delta(h[n]) =\sum_{r=0}"n h[n-r] \otimes h[r]

hence the one part functions in the e- and h-basis obey a coproduct of a divided powers algebra.

e The power sum coproduct is also reduced to one part power sum via the homomorphism property,
however, the power sums enjoy a binomial coproduct rule steming from dualizing a polynomial
algebra (recall that the power sum symmetric functions are orthogonal, but not normalized and
hence self dual). One gets:

\Delta(p[n]) = p[n]\stemming] + 1 \otimes p[n]
and the one part power sum functions are the primitive elements of the outer coalgebra of
symmetric functions. This can be written as




p[n](x,y) = p[n](x)+p[n](y) and due to the fact that p[n](x) =\sum_{i=1}"N x _i"n one gets the
binomial relation.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

[ > couterE (e[2]);

couterE (e[2,2]);

couterE (e[2,1]);

couterE (2*e[3,1]+e[2,1]) ;

-T== 14

couterH(h[2]);

couterH (h[2,2]);
couterH(h[2,1]);
couterH(2*h[3,1]+h[2,1]) ;

(e, &tey) + (e, &te)+ (e, &te,)
(e, ,&te))+2 (e, &te)+2(e,&te))+(e &te |)+2(e &te, )+ (ey&te, ;)
(e)  &tey) + (e, &te)+ (e &te)+ (e &te )+ (e &te,))+(ey&te, )
2(e;  &tey)+2(es&te)+2(e,  &te)+2(e,&te |)+2(e  &te,)+2(e &te, )
+2 (e &tey)+2(ey&tey )+ (e, &tey)+ (e, &te)+ (e | &te))+ (e &te )
+ (e &tey) + (e &te, )

" "

(h, &thy)+ (hy &th))+ (h,&th,)
(hy , &thy)+2(hy | &th))+2(hy & hy)+ (hy  &thy )+2(h &thy )+ (hy&th,,)
(hy | &thy)+ (hy &th)+(h  &th)+(h &th )+ (h &thy)+(hy&th, )
2(hs  &thy)+2(hy &th)+2(hy  &th)+2(hy&th, )+2(h | &thy)
+2(hy &thy )+2(h &t hy)+2 (hg&thy )+ (hy | &thy) + (hy &th))+(h  &th))
| +(hy &thy )+ (h &thy)+ (hy&th, )
| Hence the two coproducts behave the same way. However we find:
> couterP(p[2]);
couterP(p[2,2]); # (x+y)” 2= x*2 + 2*x*y + y*2
couterP(p[2,1]);
couterP (2*p[3,1]+p[2,1]);

(lbi&tp0)+(j%<&tp2)
(Py,, &tpy) +2(py &tpy) +(py &t p, 5)
(p;1‘&tpo)+(16‘&tp1)+(lﬁ‘&tp2)+(f%‘&tp11)




2 (p3,1 &tpy) +2(ps &tp))+2(p, &tp;)+2(p, &tp3, )+ (pz,1 &tpy) +(p, &tp,)

I +(p, &tpy) +(py &tp, 1)

| Show that the coproduct outerE and the outer product outerE fulfill the compatibility axiom for
| Hopf algebras

> f£f:=(a,b,c,d)->&t (outerE(a,c) ,outerE(b,d)):

&t (couterE(e[l]) ,couterE(e[2])):

RHS:=eval (subs( &t ' =£,%)) ;

LHS:=couterE (outerE (e[1l],e[2]))

RHS = (e, | &tey) + (e, &te)) + (e &te))+ (e &te )+ (e &tey))+(ey&te, )
| LHS := (e, | &tey) + (e, &te)) + (e | &te))+ (e &te )+ (e &te,y)+ (g, &te, )
. We proceed by showing a few critical cases:
| > couterP(0) ,couterP(sin(x)) ;

couterE (0) ,couterE (1-g*2) ;
couterH (0) ,couterH (a) ;

0, sin(x) (p, &tp,)
0,(1-¢") (e, &te,)
| 0,a(hy&thy)

| > couterP(p[0]);

couterE (e[0]) ;
couterH(h[O0]);

Py &tp,

e, &te,

| hy &t hy,

| we show that the coproduct is a linear map over <anything> but the basis monomials.
> expand (couterP (g*2*p[0]+g*p[1l]+p[2]));

expand (couterH (q*2*h[3]+q*h[2,1]+h[1,1,1]));

expand (couterE (a*e[3]+b*e[2,1]+c*e[1,1,1]));

q" (po &tpy) +q (p, &tpy) +q (py &tp)) + (p, &tpy) + (py &t p,)

q" (hy &thy)+q° (hy &th)+q” (hy &thy) +q° (hy &t hy)+q (hy | &thy)+q (hy &th))
+q(hy  &th)+q(h &thy )+q(h & hy)+q(hy&thy )+ (h  &thy)
+3(hy  &th)+3(h &thy )+ (hy&th )

a(e;&tey)+a(e,&te)ta(e &te))+a(ey&te)+b(e, &tey)+b(e,&te))
+b(e &te)+b(e &te | )+b(e &te))+b(ey&te, )+c(e | &tey)
+3c(e &te)+3c(e &te |)+c(e, &te | )

>

Algorithm used:



| see description above.

L[
H See Also: SchurFkt[outerP], SchurFkt[outerH]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




L‘J Function: SchurFkt[cplethP] - plethysm coproduct in the power sums basis [do not use!!]

Calling Sequence:

ptens := cplethP(ptkt)

Parameters:
e pfkt :power sum symmetric function
Output:

e ptens : a2 tensor polynom of power sum symmetric monoms.

WARNING:

| Do not use!
H Description:

e cplethP is intended to compute the plethystic coproduct of a power sum symmetric function.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

> cplethP(p[1,1]);
cplethP (2*p[1,1]);
cplethP (outerP(p[1l],p[1]))
cplethP (p[1l,1]1+p[1,1]);
(p1&1PL1)+(PL1&iPJ
2(p, &tp, ) +2(p,, &tp))
(Jﬁ‘&tph1)'+(p1J‘&tp1)

2(]%‘&IPL1)*'2(ph1‘&tp1)

> cplethP(p[3,2]);

cplethP(p[4])

cplethP(p[8]) ;

cplethP(p[4,4]);

(P &tp3’2) + (p3,2 &tp,)
(p, &tp,) + (p, &tp,) + (py &tp,)
(py &tpg) + (p, &tpy) + (py &tp,y) + (pg &tp))

- (p &tp4,4) +4 (p1, 1 &tpy)+2(p, &tpz’z) +2 (pz,z &tp,)+4(p, &tpl, )+ (p4,4 &tp,)
| > cplethP(p[4]);




eval (subs (" &t =plethP, %)) ;
(p1 &tp4) + (pz &tpz) + (p4 &tp1)

3p,
>
H Algorithm used:
The function cplethP is obtained from dualizing the function plethP via the Schur-Hall scalar
product:

cplethP(x) := \sum_a,b <x, pleth(a,b)> &t(a,b)
L[
ﬂ See Also: SchurFkt[plethP], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[cplethS] - plethysm coproduct in the Schur function basis

Calling Sequence:

ptens := cplethS(sfkt)

Parameters:

e sfkt : Schur function polynomial

Output:

e ptens : a2 tensor polynom of Schur function monoms.

WARNING:

The used algorithm is by fare not the fastest available, don't expect good performance and be
patient!

ﬂ Description:

e cplethS is intended to compute the plethystic coproduct of a Schur function polynom.

H Examples:

[ > restart:with (SchurFkt):
SchurFkt Version 1.0.2 (9 vi 2008) at your service
(c) 2003-2008 BF&RA, no warranty, no fitness for anything!
Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]
| > cplethS(s[1,1]);
cplethS(s[3]);
cplethS(s[4]) ;
cplethS(s[5]) ;

(s &tsy )+ (s &ts)

(s, &tsy)+(s; &ts))
(s, &ts,)+ (s, &ts,)+ (s, &ts,)

| (s, &tsg)+ (55 &ts,)
| Note that this is a non-cocommutative operation
> f:=(x,y)->&t(y,x); # switch
outl:=cplethS(s[2,2]);
out2:=eval (subs( &t =f,outl)) ;
is (outl=out2);
outl-out2;

outl:=cplethS(s[4,4])
out2:=eval (subs( &t =f,outl)) ;
is (outl=out2);




outl-out?2;

outl:=cplethS(s[4]); ## IS symmetric!
out2:=eval (subs( &t =f,outl)) ;

is (outl=out2) ; ## true
outl-out2;

f=(x,y) >y &tx
outl = (s, &ty ,)+ (s, &ts,) + (s, &ts; )+ (s, , &ts))
out2 = (s, , &ts)) + (s, &tsy) + (s, | &ts,) + (s, &ts, ,)
false
—(Sl’l &ts,) + (s, &t Sy )
outl = (s, &tsy ;) + (s, &tisy)+ (s, &ts; )+ (s, &tsy ,)+ (s, &tsy)+ (s, &ts, )
+(55 5 &tsy) + (s, 4 &ts))
out2 = (s, , &ts))+ (s, &ts,) + (55 &tsy)+ (s, , &ts,)+ (s, &tsy)+ (s | &tsy)
+(s, &tsy 5) + (s &ty y)
false
(5o &tsy )+ (s, &tsy )= (55 &ts,)— (s | &ts,)
outl := (s, &ts,)+ (s, &ts,)+ (s, &ts,)
out2 := (s, &ts,)+ (s, &ts,)+ (s, &ts,)

true
L 0
>
H Algorithm used:
The plethysm coproduct for S-functuions is obtained by dualizing the plethysm via the Schur-Hall
scalar product:

cplethS(x) :=\sum_{a,b} <x, plethS(a,b) &t(a,b)
L L
ﬂ See Also: SchurFkt[plethP], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[dimSN] - computes the dimension of an sfkt polynom seen as S_n character

Calling Sequence:

n := dimSN(sfktpoly)

Parameters:

e sfktpoly : Schur function polynom
Output:

e n : integer

WARNING:

--not yet well tested--

H Description:

e Schur functions have an evaluation, which describes the dimension of S_n modules described be
these characters.

e We use the classical hook-rule for the characters, that is:
dimSN(s[lambda]) = n! /\sum_{hooks at (i,j)} h ij

where h_ij is the hook-length, the number of boxes below and to the right of the box (i,j) in
\lambda plus 1 (in British notation of Young diagrams).

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > seq(dimSN(s[n]) ,n=1..10); ## all one dime modules
1,1,1,1,1,1,1,1,1, 1
> seq(dimSN(s[1$n]) ,n=1..10); ## all one dime modules
1,1,1,1,1,1,1,1,1, 1
> dimSN(s[2,1]) = 3!/ (3*1*1);
dimSN(s[3,1,1]) = 5!/ (5%2*2%1*1) ;
dimSN(s[3,3,3]) = 9!/ (5*%4*4*x3*x3*%3%2%2%]) ;

2=2
6=06
42=42

| The function dimSN is linear in its argument:
‘ > dimSN (a*s[3]+b*s[1,1,1]);




for n from 1 to 10 do
dimSN (" +  (op(map((x)->s[op(x)],PartNM(n,n)))));
end do;

a+b

10
26
76
232
764
2620

L 9496

| This series is Sloane integer database A000085, it counts the dimesnions of S_n representations of
homogenous degree, and also the number of (standard) Young-tableau with n-cells as also the
number of self inverse permutations with n-letters, etc...

Note that dimSN always used the appropriate S _n, so if an input has partitions of different weight,
| different S_n reps are used!! This is different from SCHUR!
[ > dimSN(s[1]+s[2,2]+s[3,3,3]+s[4,4,4,4]);
24069
> plethS(s[4],s[4]);
dimSN (%) ;

S9. 4,357,441 +S4,4,4,4+S7,6,3+S6,4,4,2+S16+2S12,4+S11,3,2+S10,5,l+2S10,4,2+S10,2,2,2

+89. 40158856622 114157711 F2884.4757.53.1F72510.6F 596,17 5.6.4

+81200F283 621 55 2F53422F 585211 S142T 5133
2627625
> # tested against SCHUR
dimSN (s[6]) ,dimSN(s[5,1]) ,dimSN(s[4,2]) ,dimSN(s[4,1,1]) ,dimSN (s
[3,3]1),
dimSN(s[3,2,1]),dimSN(s[3,1,1,1]),dimSN(s[2,2,2]),dimSN(s[2,2,1
,11),
dimSN(s[2,1,1,1,1]),dimSN(s[1,1,1,1,1,1]);

1,5,9,10,5,16,10,5,9,5, 1

>

H Algorithm used:

The algorithm used is based on the hook rule. We compute the conjugate partition, and use that



with (i,j) in lambda, one has (j,i) in the conjugated partition lambda'. The hook length at (i,j) is
then given as: h_ij = \lambda[i]-j + \lambda'[j]-1 +1 = armlength(i,j) + leglength(i,j) +1. Note that
the leg-length at (i,)) is the arm-length of the conjugate partition at (j,i), the 1 counts the box in the
corder. The dimesnion (hook formula) is then given as

| dimSN(\lambda) = |\lambda|! / (Sum_{(i,j) box in lambda} h_ij

L[
ﬂ See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




|=| Function: SchurFkt[dummy] - <description>

Calling Sequence:

Ist := dummy(N,M)

Parameters:

e N,M : <input type>
Output:

e [st : <output type>

WARNING:
iff applicable

H Description:

e Bullet item list of properties of the function

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

>
>
| [ mandatory test cases and most likely cases a user want to type in

H Algorithm used:

| The presently implemented algorithm, if possible with certificate.

L
H See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




H Function: SchurFkt[FLAT] - flattens the function T() used by SchurFkt[MLIN] (hence T() is made

associative this way).

Calling Sequence:

out := FLAT(foo)

Parameters:
e <foo> an expression containing nested (unnested or none) calls of the operator T().
Output:

e out : the expression <foo> where the internal nested appearances of T() have been deleted and
the arguments passed over to the outer most T(args) call.

WARNING:

This is an experimental function for internal use mainly. It is not a general device to implement
associativity! FLAT calls internally MLIN and hence is affected by multilinearity and refers to a
ground field (here integers).

H Description:

e FLAT deletes nested calls of the operator T() passing arguments to its outer most call. Flat calls
MLIN and hence is affected by multilinearity. It is only a helper function to get a quick and dirty
multilinearity for some functions over the integers.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| Just a few examples:
[ > FLAT(T(a,T(b,c)));
FLAT (T (T (a,b) ,c)) ;
T(a, b, c)
L T(a, b, c)
| Some more complicated cases showing the internal call of MLIN:
[ > FLAT (T (a+b,T(c+d))) ;
FLAT (T (2*a,3*T(b,c)));
T(a,c)+T(a,d)+T(b,c)+T(b,d)
i 6 T(a, b, c)
| The second case shows that FLAT does implements multilinearity over the integers using

| MLIN....
L >




L‘J Algorithm
| Note: FLAT and MLIN are hacks and not serious code. Don't use this code it will most likely be

replaced by a better device, for example, a tensor product using the (patched) define("&t’,...)
facility of BIGEBRA.

If FLAT sees an expression of type "+ (sum) then

it maps MLIN onto the summands and drops internal occurrences of T().
elif FLAT sees an expression of type "*" (product) then

it maps MLIN onto the term and drops internal occurrences of T() keeping the coefficient
else

FLAT applies MLIN to the argument dropping thereby internal occurrences of T()

>
=] See Also: SchurFki[MLIN], Bigebra[define]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[Frob2part] - converts a partition in Frobenius notation into a standard list
notation of partitions

Calling Sequence:

prt := Frob2part(fpart)

Parameters:

e fpart : a partition in Frobenius notation (list lists of integers)
Output:

e prt : partition ins standard list notation

WARNING:

| internal use mainly
H Description:

e A partition is represented in SchurFkt usually in a list of integer (shape) notation (e.g. [3,2,2,1])
which describes the rowlength of the associated Young diagram (Ferrers diagram).

¢ The Frobenius notation for partitions is given by a list of pairs of integers, where the pair of
integers describes the 'arm length' and 'leg length' of a partition seen as a Young diagram. The box
on the diagram does not count, so the Frobenius partition [[0],[0]] is a one box partition [1] in
standard notation. The number of boxes on the diagonal of the Young diagram is called the
(Frobenius) rank of the partition.

e This function is for internal use. The policy of the SchurFkt package is that partitions are
described in standard notation at the level where the user interacts with the package.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]
| > Frob2part([[0],[0]]);

L [1]

| Trivial, illegal and special cases

| > Frob2part([[],[11); ## OK
Frob2part([[-1]1,[2]1]); ## illegal, no negative entries
allowed => UNCONTROLLED OUTPUT
Frob2part([[1,1],[0]1]); ## ERROR: the pair of lists needs to
be of the same length
Frob2part([[1,1],[2,0]]) ;## illegal, produces not a partition
(non decreasing list of integers)




## ==> UNCONTROLLED OUTPUT

[0]
[0,1,1]

Error, (in SchurFkt:-Frob2part) invalid subscript selector

L [2,3,1]
| Standard cases:

| > Frob2part([[2,1,1],[1,1,011);

L [3,3,3]
| The inverse function is called SchurFkt[part2Frob]:

| > part2Frob([3,3,1,1]);

Frob2part (%) ;
part2Frob([1,1,1,1]);

Frob2part (%) ;
part2Frob([4,3,3,2,1]);
Frob2part (%) ;

[[2,1],[3,0]]

[3,3,1,1]
[[0],[3]]
[1,1,1,1]
[[3,1,0],[4,2,0]]
L [4,3,3,2,1]
>
H Algorithm used:
{ The Frobenius representation of a partition is obtained by inspection of the standard list form of
the partitions.
[

H See Also: SchurFkt[part2Frob]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[GesselThetaS] - computes the Gessel map Theta for Schur functions
SchurFkt[GesselThetaP] - computes the Gessel map Theta for power sum symmetric
functions

Calling Sequence:

zpoly = GesselThetaS(stktpoly,var)
zpoly := GesselThetaP(pfktpoly,var)

Parameters:

e sfktpoly,var : Schur function polynomial, var a name for a variable
pfktpoly,var : power sum polynomial, var a name for a variable

Output:
e zpoly : an polynomial expression in teh variable var (usually taken as 'z')

WARNING:

| --none --
H Description:

e The Gessel map Theta is used in counting problems in Young's lattice, for graphs, etc. It is
defined as follows.
Let U=ul+u2+u3+... be the alphabet of the symmetric function ring /\. This ring is hence an
polynomial ring infinitly many (finitely many) variables ui. The Gessel map is a map from this
ring into a polynomial ring in one variable. One has:

i) Theta(1)=1
i1) Theta(ulu2...un) = z"n/n!

this yields the two cases:

e GesselThetaS:
Theta(s_\lambda(u)) = f*\lambda z*\lambdal/|\lambda|!

where f"\lambda = dimSN(s[\lambdal)) is the number of standard Young tableau of shape \lambda,
that is teh dimension of s[\lambda] in S_|\lambda«, and \lambda is the weight of the partition.

e GesselThetaP:

Theta(p_ n(u))= z ifn=1else0

H Examples:
( > restart:with (SchurFkt) :




SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > GesselThetaS(1,z);

GesselThetaS(s[0],2z);
GesselThetaS(s[2,2],z) ,dimSN(s[2,2])/factorial (4) *z*4;

1
1
4 4
£z
i 127 12
| The power sum version:
| > GesselThetaP(1l,z);
GesselThetaP(p[0],z);
GesselThetaP(p[1l,1],z),2z*2;
1
1
2 2
z,z

| For the series L,M as also for A,B and C,D one knows the result of the Theta map gives
| exponential generating series:
| > Mser:=getSfktSeries(M,10,1);
GesselThetaS (Mser, z) ;
convert (series (exp(z) ,z=0,11) ,polynom) ;
Mser .= s+, + 85, + 83+ 8, + 85+ 5, +8;,+5g+5+5,
L, 15 1, 1 5 1 1 5 1 8 1 9 1 10

l+z+—z+—z +—z + zZ + z + z + z + z + z
6 24 120 720 5040 40320 362880 3628800

L, 15 1, 1T 5 14 1 1 8 1 9 1 10
l+z+—zZ+—z +—z + z + z + z + z + z + z
L 6 24 120 720 5040 40320 362880 3628800
| > Lser:=getSfktSeries(L,10,1);

GesselThetaS (Lser, z) ;

convert (series (exp(z) ,z=0,11) ,polynom) ;

Lser =sy—si+s; 1 =S 1 +S 0~ StLia S nnnt ~SLL L L S L L L L L L

1

1, 15

l—z+—z—-——z +
6

1 1 1 1 1 1
A 54 6 7 8 9 10

z - z + z - z + z
24 120 720 5040 40320 362880 3628800

1 l 2 l 3 _L.4 L L & I 5 1 8 1 9 1 10
+z+"Z+-z+—z + z + z + z + z + z + z
i 2 6 24 120 720 5040 40320 362880 3628800
| > Aser:=getSfktSeries(A,10,1);

GesselThetaS (Aser, z) ;

convert (series (exp(z~2/2) ,z=0,11) ,polynom) ;




Aser ==

So =S TS 1 7S 1 S22 2 S 1 TS3 01 TS 1 T 842,211 T53,3,2,2
1 1 1 1 1
-2+ ——y—F 210
2 8 48 384 3840
1 1 1 1 1
l+—2+—Av—20r—2 210
2 8 48 384 3840

| > Bser:=getSfktSeries(B,10,1);
GesselThetaS (Bser, z) ;
convert (series (exp(z~2/2) ,z=0,11) ,polynom) ;

TS 00233 0TS s TS L TS T2 2,2,2 1,1 U833, 1, 1,1,1
53,302,207 54,41,1 1555
L, 1, 1 ¢ 1 4 [T

l+—zZ+—z +—z +—z2+——zZ
48 384 3840

1 1 1 1 1
l+— 2+ +—2 4 —Bp——21
L 48 384 3840
| > Cser:=getSfktSeries(C,10,1);

GesselThetaS (Cser, z) ;

convert (series (exp(z*2/2) ,2z=0,11) ,polynom) ;

Cser =sy—=Sy+53 1 =S4 1 17553FSs 1 1 1+5231 S 11,11 55311~ 5442

1 1 1 1 1
-+ ——2+—F———7"°
2 8 48 384 3840

Ly 1,y 1 14 LT

l+—zZ+—z +—z +—z2+——z
2 8 48 384 3840

| > Dser:=getSfktSeries('D',10,1);
GesselThetaS (Dser, z) ;
convert (series (exp(z~2/2) ,z=0,11) ,polynom) ;

Dser Z:S0+S2+S4+S2,2+S6+S4’2+S2’2,2+S8+S6’2+S4’4+S4,2,2+S2’2’2’2+S10+S8’2

TS5 4186221854 42F54220752202022
1 1 1 1 1
1+ +—FA v —y— A —1
2 8 48 384 3840

1 1 1 1 1
l+— 2+ +—F+— Py ——;"
L 2 8 48 384 3840
| > Fser:=getSfktSeries(F,10,1);
GesselThetaS (Fser, z) ;

convert (series (exp(z*~2/2+z) ,z=0,11) ,polynom) ;

Fser:=so+szaz+s1-Jrsers3—Jrs4+s5-Jrs6+s7-+sg+sgJrleJrsl’l+—s1’1’1+sl’1’1’l




TSna TS TS TS Lo TS Lo TS L L L L

TS TS TSy TS TS o TSy TS 0 TSy 1 TS5 TSy TSy 1 TS5 383,

TS TS0 2S00 TS 0 T Se 1 TS, 0T Ss 1 1 T Sa 3 TS 00 T Sa 01753300

s 1y Ly

TS50t S0 0TS S0 TS PSS 1 TS T Se 2 T Se 1,1 853

TS5 o0 TS5 0 T SaaTSa 3100 0TS0 10T Sa 1783321833 1,1 753,22,

TS ot TS 1T 1 TS TS L1 TSs 1 TS TS 0

TS6,3TS6, 0,156 1,1, 1 755,485 3155205 0 11055 110,10 T Sa,41 75432154311

LTS 00

s 1y ds s Ly Ay by by

1,1

s Ly

T840,0,17 5,2 1753,3,3 753321 753,3 175322215320 1,1

TS o TS 1T 201 S0 0 TS Sy 1,1 TS

TSg 0TS 1 1S 380108 1164t 563,156,207 562,11 T S6 1,1 TS5 585 4

1,1

s Ly Ly

T853 07553 1,155,021 7552

Lt tSs 0 T Sa a0t Sa 41,10 15433754321

s s ds s 1y Ay by

TSy 150020400 0T Sa 10 TSa L1 T53,3,3,1 753,320 753,320,101

TS 318352021830 0 TS Lt TS L1 82,2020 752,220,101
TSHoo iS22 o n TS L
5, , 2, 13, 19, 20 191 . 131 , 1187

lbz+— 4+ 24+=2+—7+ z + z + zZ + z + z
12 3 60 180 630 10080 18144 453600

50, 5, 245 13 5 19 29 . 191 131 1187
l+z+—z +z2+—z +—z + z + z + z0+ z + z
12 3 60 180 630 10080 18144 453600

>
H Algorithm used:

| The Gessel map is exacly computed along the lines given in the description above.

L L
H See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[getSfktSeries] - produces a Schur function series (or a list of its coefficients)

Calling Sequence:

ser := getSfktSeries('name',ord,var)
Ist := getStktSeries('name',ord)
void := getStktSeries('names')

Parameters:

e mame[s]',ord,var : aname of a series, the order (weight of the last displayed term, =order), a
formal variable for the series

Output:
e ser,lst,void : a series, a list of coefficient, void (a usage message)

WARNING:

| --none--
H Description:

e Schur functions series are formal series with Schur functions as its arguments. Such series are
important in the branching process of groups, see SchurFkt[branch] .

e Schur function series come in pairs which are mutually inverse under convolution (point wise
product).

o [f the function is called with one argument 'names' it returns a list of known names.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| Display known series:
| > getSfktSeries('names') ;

L "Known Series are: A,B,C,D,E,F,L,M"

| We display the known series and explain the coefficients (up to a sign):

| > A(t)=getSfktSeries('A',6,t)+0(t"*7);

printf ("Partitions of Frobenius form

((al,al+l) (a2,a2+1),...)");
B(t)=getSfktSeries('B',6,t)+0(t"7);

printf ("Partitions with even column length (even row length of
the conjugated partition (2*1 1,2*1 2,...)"' )");
C(t)=getSfktSeries('C',6,t)+0(t*7);

printf ("Partitions of Frobenius form




((al+l,al) (a2+1,a2),...)");
D(t)=getSfktSeries('D',6,t)+0(t"7);

printf ("Partitions with even row length (2*1 1,2*%1 2,...)");
E(t)=getSfktSeries('E',6,t)+0(t"7);

printf ("Self conjugate partitions \lambda=\lambda*' ");
F(t)=getSfktSeries('F',6,t)+0(t"7);

printf("All partitions");
L(t)=getSfktSeries('L',6,t)+0(t"7);

printf ("One row partitions (one part elementary symmetric
functions) ") ;

M(t)=getSfktSeries('M',6,t)+0(t"7);

printf ("One row partitions (one part complete symmetric
functions) ") ;

> 4 6 6 7
A(t):so—sl,lt +8y 8 =S50l TSy a0t +0(1")

Partitions of Frobenius form ((al,al+l) (a2,a2+1),...)

Partitions with even column length (even row length of the conjugated partition
(2*1 1,2*1 2,...)"" )
2 4 6 6 7
C(t)=sy—8y 0 483 1 =84 10 =535, +0(1)
Partitions of Frobenius form ((al+l,al) (a2+1,a2),...)
2 4 4 6 6 6 7
D(#)=sg+s, 0 +5,0 48y ,8 +550 +5,,0 +5,,,18 +0(1)
Partitions with even row length (2*1 1,2*1 2,...)

E(t)=sy—5,1+5, t3—s2’2t4—s3’1,1 t5+s3,2,1 £ +0(1)

Self conjugate partitions lambda=lambda”'

7 2 4 6 6 4 4 6
FU)zCXt)+%+“L1t+SLL1t+SLLL1t+SLL2t+SLLL1t+SL2t+S11111H

6 6 2 4 6 3 4 6 6 5
+S111Jl +sl3t +szt-+sllt +S&L1t +s11t +s4t4n%t +s¢2t +S1t+SlL1t

3 6 3 5 5 5 5 5 5 6
+s3t+SLL1t+SLL1t+S5t+S&1t+S12t+Slllt+slhhlt+S111L1t+silt

*‘S2,1,1,1,1’6
All partitions
LU):So_ﬁt+SL1#_SLL1ﬁ+SLLL1ﬁ_SLLLL1P+SLLLLL1P+CXﬂ)
One row partitions (one part elementary symmetric functions)
M(t)=sy+8,t+5, 0+, +5, 6 +5,8 +5,°+0(t")
L One row partitions (one part complete symmetric functions)
. Show that A,B and C,D and E,F and L,M are mutual inverse series:
> getSfktSeries(A,4,1); # A series
getSfktSeries(B,4,1); # B series
truncWT (outer (%$%,%) ,4) ; # skip terms of weight greather than 4

So =S, TS0

So TS 1 TS,1,1 1522




L So
[ > getSfktSeries(C,4,1); # C series
getSfktSeries(D,4,1); # D series
truncWT (outer (%$%,%) ,4); # skip terms of weight greather than 4
So =Sy + 534
So S+, + 8y,
So
> getSfktSeries(E,6,1); # E series
getSfktSeries(F,6,1); # F series
truncWT (outer (%%,%) ,6); # skip terms of weight greather than 4
==>>ERROR E wrong!

So=S1 Sy 1 780783, 1,1 15301

SoF S Sy F S Sy, S FS Sy RSy Sy FS TS S, TSy,
TS o0 TS 1 S TSe TS5 1 TSy ot Sy 1 1 T3 3 TS0 1 TS 1,1 T S2,22 52,2101
TS oS

So

| Note that the product of the L series and the A series is the E series:
| > truncWT (outer (getSfktSeries(L,6,1) ,getSfktSeries(A,6,1)),6);
getSfktSeries(E,6,1); # E series

So =Sy 8y 1 =80 783 1,1 T532
i So=S1 851 =80 753, 1,1 753,21
| > getSfktSeries(L,4,1); # L series

getSfktSeries(M,4,1); # M series
truncWT (outer (%%,%) ,4); # skip terms of weight greather than 4

So =SS =S TS

S0+S1+S2+S3+S4

L So
o L>
H Algorithm used:
| The series are obtained by stupidly examining the partitions ... .
[

H See Also: SchurFkt[branch]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[grAlexComp] - compares two compositions/partitions w.r.t. graded
anti-lexicographic ordering

Calling Sequence:

b = grAlexComp(cl,c2)

Parameters:
e cl,c2 : compositions (or partitions)
Output:

e b :boolean value (true / false)

WARNING:

Note that Maple uses in its combinatorial packages lexicographical order of partitions and
compositions.

H Description:

e grAlexComp allows to order compositions and partitions in graded anti-lexicographic order.
Graded anti-lexicographic order may display some gradings in the Laplace pairing for the
Rota-Stein cliffordizations of monomial symmetric functions.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| Compare AlexComp and grAlexComp for special values:
| > AlexComp ([3,2],[2,1]1);
grAlexComp ([3,2],[2,1]);
AlexComp([2,2,1,0],[3,0,2,0]);
grAlexComp([2,2,1,0],[3,0,2,0])

true
true
false

L false

| Using AlexComp and grAlexComp to sort a list of partitions:
"> prt:=[ [3,2],[61,[5,11,[1,1,1,1,1,11 1;
sort (prt,AlexComp) ;

sort (prt,grAlexComp) ;

prt:=[[3,2],[6],[51],[1,1,1,1,1,1]]




[[61,[51],[3,2],[1,1,1,1,1,1]]

i [([61[5 113,21, 1,1,1,1,1]]
| Maple's combinat package produces lex ordered lists.

| > combinat[partition] (3);

sort (%,grAlexComp) ;

[[1, 1, 1],[1,2],[3]]
L [[31,[1,2],[1,1,1]]
Note that CompNM and PartNM functions produce lists of compositions and partitions in
| anti-lexicographical order.
| > prt:=PartNM(3,3);
cmp :=CompNM (2, 5) ;
prt:=[[3],[2,1],[1,1,1]]
cmp =[[2,0,0,0,0],[1,1,0,0,0],[1,0,1,0,0],[1,0,0,1,0],[1,0,0,0, 17,
[o,2,0,0,0],10,1,1,0,0],[0,1,0,1,0],[0,1,0,0,1],[0,0,2,0,0],[0,0,1, 1,07,
[0,0,1,0,1],10,0,0,2,01,[0,0,0,1,11,[0,0,0,0,2]]
| Sorting in anti lex order can be accomplished by using not'":
> prt;
sort (prt,not grAlexComp) ;
cmp ;
sort (cmp,not grAlexComp) ;
[[31.02, 1], [1, 1, 1]]
[[1,1,1],[2,1],[3]]
[[2,0,0,0,0],[1,1,0,0,0],[1,0,1,0,0],[1,0,0,1,0],[1,0,0,0,1],[0,2,0,0,0],
[o,1,1,0,0],70,1,0,1,01,[0,1,0,0,1],[0,0,2,0,0],[0,0,1,1,0],[0,0,1,0, 1],
[0,0,0,2,0],[0,0,0,1,1],[0,0,0,0,2]]
[ro,o0,0,0,21,10,0,0,1,11],10,0,0,2,0],[0,0,1,0,1],[0,0,1,1,0],[0,0,2,0,0],
[o,1,0,0,1],10,1,0,1,0],[0,1,1,0,0],[0,2,0,0,0],[1,0,0,0,1],[1,0,0, 1,07,
[1,0,1,0,0],[1,1,0,0,07],[2,0,0,0,0]]
| AlexComp can handle lists with different length, if necessary trailing zeros are appended
| internally:
| > AlexComp([2],[3,2,1,2]);
AlexComp([4],[1,1,1,1]);

false

true

>
H Algorithm

| Not available (obvious).
See Also: SchurFkt[Overview], SchurFkt[PartNM], SchurFkt{CompNM], SchurFkt[AlexComp]




(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt[h to s] - convert a homogenous symmetric function into a Schur function
Calling Sequence:

sfkt :=h_to s(hfkt)

Parameters:
e hfkt : complete symmetric function
Output:

e sfkt : Schur function

WARNING:

| --none--
H Description:

¢ This function takes a an expression in complete symmetric functions and returns it in the Schur
function basis.

e Basis changes are considered to be a major part of the theory of symmetric functions. This
particular basis change can be done in various ways. SchurFkt uses in general Hopf algebra
methods to perform such basis changes. These algorithms are possibly not the fastest, but they
neatly generalize to Schur functors and are therefore important as a proof-of-concept issue.

e h to_s could be done by using the Kostka numbers, but is implemented by using the
multiplicativity of the h-basis and the isomorphism h[n]=s[n] for one part partitions.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > h to_s(h[2]);

h to s(h[1,1]);

)
Sy+8)
> h to_s(2*h[3,1]+3*h[1,1]);
25,4283 +385,+35,

> prt:=PartNM(4,4) :

prt:=map ((x)->h[op(x)],prt);

map (h_to_s,prt);

pri:=[hy hy ,hy 5 by g by ]




L [S4: 84483 15Sq+ 83 1 +55 283+ 285 48, 48 | 1583 +383 128,438, 11+ 11.1]

| Critical cases:
> h _to_s(0);
h to_s(h[0]);

L L>
H Algorithm used:

' Due to the multiplicativity of the h-basis we use the following fact:
(1) h[\mu] =h[\mul] . h[\mu2] . h[\mu3] . ... . h[\mul]

furthermore we use the isomorphism h[n]=s[n] for one part complete symmetric functions and
evaluate the outer product in the Schur function basis

(2) h[\mu] = eval(s[\mul] . s[\mu2] . s[\mu3] . ... . s[\mul])
= s[\mu] + other terms

L L
H See Also: SchurFkt[Overview], there are many a_to_b functions for other bases, check out in the
overview.

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[inner] - the inner product in Schur function basis

Calling Sequence:

sfkt := inner(sfkt1,stkt2,...)

Parameters:
e sfkti : Schur function polynoms
Output:

e sfkt : Schur function polynom

WARNING:

| --none--
H Description:

e inner implements the inner product of Schur functions.

e The implementation is based on the Murnaghan-Nakayama rule to derive the coefficients of the
multiplication table in this basis

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

:> inner(s[1],s[1]);
inner(s[2],s[1,1]);
inner(s[3],s[1]); # not the samne weight => 0
S1
S1,1

L 0
| Inner allows more than one input (due to associativity) and is multilinear over Z.
[ > inner(s[1],s[1]1,s[1]):

inner (3*s[3]+2*s[2,1]+s[1,1,1],7*s[1,1,1]+9*s[3]);

Sy
3051,1,1 +34s3+32s271

| Critical cases:

> inner (0) ;
inner(s[3,3]); # inner returns a single argument
inner(s[2,1],0);




53,3
0
L[>
H Algorithm used:
| The multiplication table of the inner multiplication is given as (\lambda,\mu,\nu of weight N, else
Zero)

\gamma™lambda \mu\nu = (\sum \pi\in S N) \chi_\lamba(\pi) \chi \mu(\pi) \chi_nu(\p1)

where \chi_\mu(\pi) is the irreducible character \chi \mu of S N evaluated on a permutation \pi.
For efficiency reason it is sufficient to evaluate on cycle types and multiply by the length of the
orbit of this cycle type. The chi \mu(\cmp2part(\pi)) are computed using the
Murnaghan-Nakayama rule .

L
H See Also: SchurFki[Overview], there are other version of the inner product for other bases 'B'
called : innerB

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[innerP] - inner product in the power sum basis

Calling Sequence:

ptkt := innerP(pftktl,pfkt2)

Parameters:
o pfktl,pfkt2 : power sum symmetric functions
Output:

e pfkt : power sum symmetric function

WARNING:

| --none--
H Description:

e This function implements the inner product in power sum symmetric function basis.

e The inner product of power sum symmetric functions has the following properties:

(1) if the weight of the partitions \mu and \nu is different, then p[\mu]*p[\nu]=0
(2) the p[\mu] are almost idempotent elements under the inner product
p[\mu]*p[\nu] =\z \mu \delta \mu,\nu p[\mu]
where zZ\mu] is the zee-factor .

¢ In a generating function realization of symmetric functions the inner product belongs to the
Haddamard product of these generating functions.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > innerP(p[2,1],p[2,1]);
zee([2,1]);

2172,1

2
> prt:=map((x)->p[op(x)],PartNM(5,5)) ;
linalg[matrix] (nops (prt) ,nops(prt), (i,]j)->innerP (prt[i],prt[j])
)

prt= [psap4, 1°P3,2P3,1,1>P2,2,1>P2,1,1,1° P1, 1,1, 1,1]




5ps 0 0 0 0 0 0
0 4p,, O 0 0 0 0
0 0 6p, O 0 0 0
0 0 0 6py,, O 0 0
0 0 0 0 8p,, 0 0
0 0 0 0 0 12p,,,, 0
0 0 0 0 0 0 120 p, 1 111

s 4y Ly by

E Compare with the inner product on Schur functions based on the Murnaghan-Nakayama rule.
| > inner(p_to_s(p[3,2]),p_to_s(p[3,2]));

s_to p(%);
innerP(p[3,2],pl[3,2]);
055—065, 1 +65;,=65,, 65, ;=065
63,5
65 5

| Critical cases:

| > innerP(p[2]); # one input is returned (maybe should be zero?)
innerP(p[3,2],0)
innerP(0,0);
innerP (p[1],p[1]);

P
L Py
o L>
H Algorithm used:
| A trivial implementation of the above given properties.
[

H See Also: SchurFki[inner]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[isLattice] - checks if a Young tableau is a lattice permutation

Calling Sequence:

bool := isLattice(tab)

Parameters:
e tab : a Young tableau ( list list integer)
Output:

e bool : Boolean value

WARNING:

| --internal use mainly--
=l Description:

e A Young tableau is a Young diagram where the boxes are filed with an ordered alphabet (e.g.,
integers in [1..n]). A Young tableau is called standard if in each row and column the entries are
strictly increasing (in out Anglo-Saxonia indexing). A semistandard Young tableau is a Young
tableau with nondecreasing rows and strictly increasing columns. One can extract from a Young
tableau a word by forming a string out of the entries along a reading order. We use the following
reading order: start in the top row rightmost and read leftward and then continue in the same way
in the following column.

123 133

45 stdtableau 24 semi std tableau
56 55

3215465 3314255

A word extracted from a Young tableau is called a lattice permutation (or ballot sequence) if the
number of occurrences of letters ai are greater or equal to the number of occurrences of letters aj
1s ai<aj.

¢ In the implementation of the Littewood-Richardson rule along the lines one calculates by hand
(there is a more effective algorithm proposed by Lascoux and Schiitzenberger using Schubert
calculus and Specht modules) we need to add boxes from one Young tableau to a second Young
tableau in such a way, that the resulting tableau is a lattice permutation. This is a condition which
ensures that the produces tableaux are in the so called plactic monoid (fulfilling the Knuth
correspondence)

o A skew tableaux is represented by an ordinary tableau, where the removed boxes are filled with
ZEeros.




000112
002223
0234
13

A semistandard tableau (6 6 4 2/3 2 1) with a filling from [1..4].

e isLattice is the implementation of the boolean valued function which checks if a given tableau is a
lattice permutation.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service
(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]
[ > isLattice([[1,2,31,[4,5]11): # 32145

isLattice([[1,1,1,1]1,[2,2,21,[3,3,3]11); # 1111222333
isLattice([1,1,1,2],[2,21,[31);

false
true
| true
| Critical cases:
> isLattice([[]]):

isLattice([[0]1]);

isLattice([[1]1]1);
true
true
| true

o L>
H Algorithm used:

The function is implemented along the lines described above. To any tableau the associated word
is formed as a sequence. Zeros are eliminated, then a check is performed if the sequence is a ballot
sequence (lattice permutation).

H See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[KostkaPC] - computes the Kostka coefficient between a composition and a
partition

Calling Sequence:

int := KostkaPC(part,comp)

Parameters:

e part :apartition
comp : a composition (note that a partition is also a composition!)

Output:
e int : an integer. The Kostka number.

WARNING:
No type check, the first input has to be a partition!

ﬂ Description:

e The procedure KostkaPC computes the Kostka number between a composition and a partition.
KostkaPC is constant on all compositions which can be projected onto a single partition.
Therefore KostkaPC computes the Kostka number between the partition partl which is the
projection from the composition comp deleting zeros and sorting the positive entries.

e The Kostka number is the number of semi-standard tableau of shape partl (projection of comp)
filled by the numbers 1°r1 2712 ... k*rk where the ri are the multiplicities of occurrences of i's in
the partition part.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| A single semi-standrd tableau:
"> KostkaPC([3,2,11,[3,2,11);
KostkaPC([2,2],[2,1,1]);

1

1

| Orbits of compositions (compositions which after sorting have the same partition form) have the
| same Kostka number

[ > KostkaPC([2,1],[2,1]);

KostkaPC([2,1],[1,2]);

KostkaPC([2,1],[0,2,0,11);




| Further nontrivial examples:
> KostkaPC([2,2,1],[1,1,1,1,1]);
KostkaPC([4,3,2,11,1[2,2,2,2,21);
5
24

>
H Algorithm:

| The Kostka numbers can be obtained effectively using hives.

SchurFkt uses the fact, that the Scalar product between a Schur function and a complete
symmetric function gives the Kostka numbers as:

(1)  <s \mu|h \nu>= K \mu\rho <m \rho| h \nu>=K \mu\nu

due to the mutual duality of monomial and complete symmetric functions. Now we can apply the
Laplace expansion

(2) <s \mu|h \nu>=<s \mu |h \nul .h \nu2.....h \nul >

=<\delta®*(l-1)s \mu | h \nul xh \nu2 x ... xh \nul>  x=tensor
product

=<s \mu(l)xs \mu(2) x...xs \mu(l) | h \nul x ... x h \nul >
<s \mu(1) | h \nul >.....<s \mu(l) | h \nul>

This works for compositions in the second argument too, since the product of the h n is
| commutative and since h_0=1 is the identity.
L[>
H See Also: SchurFkt[Overview], SchurFkt[KostkaTable]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[Table] - computes the Kostka matrix in any dimension

Calling Sequence:

eq := KostkaPC(int)

Parameters:
e int : integer specifying the weight of the partitions for the Kostka table
Output:

e ¢q : an equation KostkaN=matrix, with a matrix of dimension number of partitions of int (in
general not int itself!) containing the Kostka numbers. The matrix is given in the basis where the
partitions are ordered in anti-lexicographical ordering (AlexComp).

WARNING:

| <none>
ﬂ Description:

e The Kostka matrix is the matrix which governs many transitions of interger bases of symmetric
functions. They have a combinatorial meaning, see SchurFkt[KostkaPC].

e An equation for the integer number is given as:
(1) s \lambda =\sum \mu K \lambda\mu m \mu =\sum <s \lambda | h \mu>m \mu
which is used in KostkaPC to compute these numbers.

e The combinatorial description of the Kostka number is that they give the number of standard
fillings of \mul ones, \mu2 twos etc into the Young diagram of shape \lambda. For that reason the
number is a nonnegative integer.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| Some examples:

[ > KostkaTable(2) ;

KostkaTable (3) ;

Kostka2 =

—_—
| |

1
0

Kostka3 =

S O =

O = =
—_ N =

| A bigger one, be careful with increasing N though
‘ > tmp:=time () :loc_system:="Pentium M 2.13 GHz, 2 GB RAM":




KostkaTable (7) ;
printf ("Computation needed %f second on a
%$s\n" ,time () -tmp,loc_system);
111111111111 1 1 1]
o1 12123 223 43 4 5 6
o 0 1 112 3 2 3 46 5 7 10 14
00 01 013 113 6 3 6 10 15
00 0 01 1 1T 2 2 3 44 6 9 14
0o 0 0 O0O0 1212 48 6 11 20 35
0o 0 0 0 0O O0OTTUOOTI4T1T 4 10 20
Kostka7={0 0 0 0 0 0 0 1 1 2 3 3 6 11 21
00 0 0 0 0 O0OO0OT1T1T?2 3 5 10 21
00 0 0 0 0 O0OO0OO0OT1T3 2 6 15 35
o0 0 0 O0O0OO0OO0OO0OO0OT1TO0O 1T 5 15
0O 000 00 O O0O0O0OO0OO0OT1 2 5 14
0O 000 00O O0OO0OO0OO0ODO0O 1 4 14
00 0 0 0 0 O0OO0OO0OO0OO0OO0O O 1 6o
o 0 0o 0o 0000 0 0 0 0 0 0 14
L Computation needed 0.392000 second on a Pentium M 2.13 GHz, 2 GB RAM
o L>
Algorithm:

| KostkaTable just produces the partitions and a matrix using KostkaPC.
See Also: SchurFkt[Overview], SchurFkt[KostkaPC]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt[LaplaceM] - Laplace pairing for the monomial symmetric function
concatenation algebra

SchurFkt[LaplaceTable] - a tabulated output of the LaplaceM pairing

SchurFkt[LaplaceM mon] - Laplace pairing on monomials

Calling Sequence:

ol :=LaplaceM(m1,m2);
ol :=LaplaceM_mon(monl,mon2);
M1 = LaplaceTable(N,M);

Parameters:

e ml,m2 : monomial symmetric functions (elements of "type/mfktpolynom’) of any weight
monl,mon2: monomials (not terms or polynomials)
N.M . integers, weights of two sets of partitions, ordered in grAlexComp.

Output:

e tl :monomial symmetric function polynom of type “type/mfktpolynom’, in the same basis as
the input type
M1 : atable which gives the LaplaceM pairing on the Cartesian product of two sets of partitions
of weight N,M

WARNING:

LaplaceM is for internal use mainly! LaplaceTable is for better display and may disappear in later
versions

LaplaceM mon many be used for performance reasons, but be cautious with the input (no type
checking)!

H Description:

e LaplaceM is the algebra valued pairing of two monomial symmetric functions. This pairing is
needed to compute the cliffordization (aka Hopf algebra deformation, aka Drinfeld twist) which
deforms the divided powers concatenation product concatM into the outer product of symmetric
functions in the monomial basis SchurFkt[outerM].

e The definition of LaplaceM is as follows:
1)  LaplaceM(m[0],m[0]) := m[0]

i1) letn,..,n rand m,...,m_s have the r respectively s repetitions of the same parts
LaplaceM(m[n,...,n_r],m[m,....m_s])=\delta {r,s} m[n+m,...,n+m_s]




ii1) extend the above definition my Laplace expansion using the outer coproduct
SchurFkt[couterM] and the divided powers concatenation product SchurFkt[concatM].

Laplace( concatM(m[lambda],m[mu]), m[rho]) = concatM( LaplaceM(m[lambda],
m[rho(1)]),LaplaceM(m[mu],m[rho(2)]))

Laplace( m[lambda],concatM(m[mu], m[rho])) = concatM(
LaplaceM(m[lambda(1)],m[mu]),LaplaceM(m[lambda(2),m[rho]))

e The LaplaceM pairing is graded in two ways. First, LaplaceM it is a graded map from /\ x /\ -->/\.
Hence it maps two monomial symmetric functions of weight n and m onto a homogenous
polynomial of monomial symmetric functions of weight n+m. Further LaplaceM is graded by the
number of parts of a partition. As such, it is composed of infinite dimensional subblocks!
However, for finite input we get a finite output.

e LaplaceM_mon is the Laplace pairing acting on monomials. In tensor expression this is faster
since we know that the arguments are monomials and not monomial symmetric function
(polynomials or terms).

¢ Note that there is a function LaplaceTable(N.M) which displays the output of LaplaceM on the
set of partitions of N, M.

LaplaceTable shows a sort of 'multiplication table' since the LaplaceM pairing is algebra valued.
In the first row and columns, the partitions of the monomial symmetric functions used are given,
in the entry 1,1 the Laplace pairing <x|y> is displayed. For better display and understanding of the
procedure, the partitions are ordered in grAlecCopm order, that is ordered by the number-of-parts
grading fist and then anti-lexicographicaly.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| some examples for LaplaceM:

| > LaplaceM(m[0] ,m[0]) ;
LaplaceM(m[1,1,1] ,m[3,1,1]);
LaplaceM(m[2,1] ,m[2,1]) ;

m

My 22
m4’2+2m3,3
| check for zeros because of the grading by parts:
> LaplaceM(m[2,1],m[1]);

LaplaceM(m[3,2,2],m[2,2]);

LaplaceM(m[3,2,1] ,m[1,1,1,1,1]);




0
0

0

| Note that LaplaceM is a graded multiplication by the weight of the partitions, and can be
| nonzero for any pairs of weights!

| > LaplaceM(m[2,1,1] ,m[4,2,1]);

LaplaceM(m[5,5],m[9,1]);

Mg 3 y+Ms 45+ 2M5 5

L My 6
| Multilinearity:

| > LaplaceM(3*m[3],m[1]);
LaplaceM(3*m[2]+2*m[3],m[1]) ;
LaplaceM(3*m[2,1]+2*m[3],m[1]+m[2,1]);

3m,
3my+2m,

| 3my,+6my 3 +2m,
| WARNING: Since LaplaceM mon is for internal use mainly, there is no type checking!

| > LaplaceM mon(s[2],e[2]); ## no typecheck!! results as if
LaplaceM(m[2] ,m[2]) was given
LaplaceM mon(m[2] ,m[2]) ;

my
my

| Now we show a few tables of the LaplaceM pairing using the LaplaceTable function:

For better readability a first row and column is added showing the partitions of the monomial basis
| elements of the input of LaplaceM:

| > LaplaceTable(2,2);

LaplaceTable(7,4) ;

LaplaceTable (6,6) ;

<xp> [2] [L 1]
21 m, 0
[L1] 0 m,,




>

i <x|y> [4] [3,1] [2,2] [2,1,1] [1,1,1,17]
[7] my, 0 0 0 0
[6,1] 0 mg,+m;, mg, 0 0
[5,2] 0 mgs+mgs myy, 0 0
[5,1,1] 0 0 0 My o 5+ Mg 3 0
[4,3] 0 my +mgs  mg s 0 0
[4,2,1] 0 0 0 Mg 3 y+Ms 45+ 2M5 5 0
[4,1,1,1] 0 0 0 0 mMs 555
[3,3,1] 0 0 0 Mg 45+ My 4 0
[3,2,2] 0 0 0 ms 3 3 +2my 0
[3,2,1,1] 0 0 0 0 My 35
[3,1,1,1,1] 0 0 0 0 0
[2,2,2,1] 0 0 0 0 M3 33
[2,2,1,1,1] 0 0 0 0 0
[2,1,1,1,1,1] 0 0 0 0 0
[, L, L1, 1, 1,17 0 0 0 0 0 J
[<x]y>,[6],[51],[4,2],[4,1,1],[3,3],[3,2,1],[3,1,1,1],[2,2,2],[2,2,1,1]

[2,1,1,1,1],[1,1,1,1,1, 1]]

[fe1,m,,,0,0,0,0,0,0,0,0,0,0]
[[5,1],0,m10’2+2m6’6,m9’3+m7’5,0,m8’4,0,0,0,0,0,0]

[[4,2],0,mg y+my s, mg ,+2mg ¢, 0,m;5,0,0,0,0,0,0]
[[4,1,1],0,0,0,mg,,+2ms5,,0,my 5 +mg,,+ms,3,0,mg;5,0,0,0]
[[3,31,0,mg 4,m;5,0,mg,,0,0,0,0,0,0]
[[3,2,11,0,0,0,m; 5 ,+mg 4 ,+mg 45,0,

m6’4’2+2ms’s’z+2m6’3’3+2m5’4’3+6m4’4’4,0,m5’4’3,O,O,O]
[[3,1,1,1],0,0,0,0,0,0,my,,,+2my4,,,0,ms5,,+my5;5,,0,0]
[[2,2,2],0,0,0,mg54,0,ms,5,0,my,,,0,0,0]
[[2,2,1,1],0,0,0,0,0,0,ms 5, ,+my335,,0,my 45,+2my;53,+6m;555,0,
0]

[2,1,1,1,11,0,0,0,0,0,0,0,0,0,m,,,,,+2m;;3,,,,0]

aaaaa

H Algorithm:

The Laplace pairing is almost verbatim implemented as described above. For efficiency reasons,
internally an sparse exponential representation of partitions (see SchurFkt[part2mset] ) is used.




The internal function doing this is LaplaceM mset (not exported). LaplaceM mon is a wrapper
for this function to make it applicable on ordinary partition representations. LaplaceM is the

| | multilinear version of LaplaceM mon.

H See Also: SchurFkt[outerM], SchurFkt[couter], SchurFkt[outerH.E.P], SchurFkt[couterM]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[LaplaceM] - Laplace pairing for the monomial symmetric function
concatenation algebra
SchurFkt[LaplaceTable] - a tabulated output of the LaplaceM pairing
SchurFkt[LaplaceM_mon] - Laplace pairing on monomials

Calling Sequence:

ol :=LaplaceM(ml,m2);
ol :=LaplaceM_mon(monl,mon2);
M1 = LaplaceTable(N,M);

Parameters:

e ml,m2 : monomial symmetric functions (elements of "type/mfktpolynom’) of any weight
monl,mon2: monomials (not terms or polynomials)
N.M . integers, weights of two sets of partitions, ordered in grAlexComp.

Output:

e t1 :monomial symmetric function polynom of type "type/mfktpolynom’, in the same basis as
the input type
M1 : atable which gives the LaplaceM pairing on the Cartesian product of two sets of partitions
of weight N,M

WARNING:

LaplaceM is for internal use mainly! LaplaceTable is for better display and may disappear in later
versions

LaplaceM_mon many be used for performance reasons, but be cautious with the input (no type
checking)!

H Description:

e LaplaceM is the algebra valued pairing of two monomial symmetric functions. This pairing is
needed to compute the cliffordization (aka Hopf algebra deformation, aka Drinfeld twist) which
deforms the divided powers concatenation product concatM into the outer product of symmetric
functions in the monomial basis SchurFkt[outerM] .

e The definition of LaplaceM is as follows:
1) LaplaceM(m[0],m[0]) := m[0]

i1) letn,..,n rand m,...,m_s have the r respectively s repetitions of the same parts
LaplaceM(m[n,...,n_r],m[m,....m s])=\delta {r,s} m[n+m,...,n+m_s]




iii) extend the above definition my Laplace expansion using the outer coproduct (
SchurFkt[couterM] ) and the divided powers concatenation product
SchurFkt[concatM] .

Laplace( concatM(m[lambda],m[mu]), m[rho]) = concatM( LaplaceM(m[lambda],
m[rho(1)]),LaplaceM(m[mu],m[rho(2)]))

Laplace( m[lambda],concatM(m[mu], m[rho])) = concatM(
LaplaceM(m[lambda(1)],m[mu]),LaplaceM(m[lambda(2),m[rho]))

e The LaplaceM pairing is graded in two ways. First, LaplaceM it is a graded map from /A x A\ -->/\.
Hence it maps two monomial symmetric functions of weight n and m onto a homogenous
polynomial of monomial symmetric functions of weight n+m. Further LaplaceM is graded by the
number of parts of a partition. As such, it is composed of infinite dimensional subblocks!
However, for finite input we get a finite output.

e LaplaceM_mon is the Laplace pairing acting on monomials. In tensor expression this is faster
since we know that the arguments are monomials and not monomial symmetric function
(polynomials or terms).

e Note that there is a function LaplaceTable(N.M) which displays the output of LaplaceM on the
set of partitions of N, M.

LaplaceTable shows a sort of 'multiplication table' since the LaplaceM pairing is algebra valued.
In the first row and columns, the partitions of the monomial symmetric functions used are given,
in the entry 1,1 the Laplace pairing <x|y> is displayed. For better display and understanding of the
procedure, the partitions are ordered in grAlecCopm order, that is ordered by the number-of-parts
grading first and then anti-lexicographicaly.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| Some examples for LaplaceM:

| > LaplaceM(m[0] ,m[0]) ;
LaplaceM(m[1,1,1] ,m[3,1,1]);
LaplaceM(m[2,1] ,m[2,1]) ;

m

My 22
my ,+2my
| Check for zeros because of the grading by parts:
| > LaplaceM(m[2,1] ,m[1]);
LaplaceM(m[3,2,2],m[2,2]);
LaplaceM(m[3,2,1] ,m[1,1,1,1,1]);




0
0

0

| Note that LaplaceM is a graded multiplication by the weight of the partitions, and can be
| nonzero for any pairs of weights!

| > LaplaceM(m[2,1,1] ,m[4,2,1]);

LaplaceM(m[5,5],m[9,1]);

Mg 3 y+Ms 45+ 2M5 5

L My 6
| Multilinearity:

| > LaplaceM(3*m[3],m[1]);
LaplaceM(3*m[2]+2*m[3],m[1]) ;
LaplaceM(3*m[2,1]+2*m[3],m[1]+m[2,1]);

3m,
3my+2m,

| 3my,+6my 3 +2m,
| WARNING: Since LaplaceM mon is for internal use mainly, there is no type checking!

| > LaplaceM mon(s[2],e[2]); ## no typecheck!! results as if
LaplaceM(m[2] ,m[2]) was given
LaplaceM mon(m[2] ,m[2]) ;

my
my

| Now we show a few tables of the LaplaceM pairing using the LaplaceTable function:

For better readability a first row and column is added showing the partitions of the monomial basis
| elements of the input of LaplaceM:

| > LaplaceTable(2,2);

LaplaceTable(7,4) ;

LaplaceTable (6,6) ;

<xp> [2] [L 1]
21 m, 0
[L1] 0 m,,




>

i <x|y> [4] [3,1] [2,2] [2,1,1] [1,1,1,17]
[7] my, 0 0 0 0
[6,1] 0 mg,+m;, mg, 0 0
[5,2] 0 mgs+mgs myy, 0 0
[5,1,1] 0 0 0 My o 5+ Mg 3 0
[4,3] 0 my +mgs  mg s 0 0
[4,2,1] 0 0 0 Mg 3 y+Ms 45+ 2M5 5 0
[4,1,1,1] 0 0 0 0 mMs 555
[3,3,1] 0 0 0 Mg 45+ My 4 0
[3,2,2] 0 0 0 ms 3 3 +2my 0
[3,2,1,1] 0 0 0 0 My 35
[3,1,1,1,1] 0 0 0 0 0
[2,2,2,1] 0 0 0 0 M3 33
[2,2,1,1,1] 0 0 0 0 0
[2,1,1,1,1,1] 0 0 0 0 0
[, L, L1, 1, 1,17 0 0 0 0 0 J
[<x]y>,[6],[51],[4,2],[4,1,1],[3,3],[3,2,1],[3,1,1,1],[2,2,2],[2,2,1,1]

[2,1,1,1,1],[1,1,1,1,1, 1]]

[fe1,m,,,0,0,0,0,0,0,0,0,0,0]
[[5,1],0,m10’2+2m6’6,m9’3+m7’5,0,m8’4,0,0,0,0,0,0]

[[4,2],0,mg y+my s, mg ,+2mg ¢, 0,m;5,0,0,0,0,0,0]
[[4,1,1],0,0,0,mg,,+2ms5,,0,my 5 +mg,,+ms,3,0,mg;5,0,0,0]
[[3,31,0,mg 4,m;5,0,mg,,0,0,0,0,0,0]
[[3,2,11,0,0,0,m; 5 ,+mg 4 ,+mg 45,0,

m6’4’2+2ms’s’z+2m6’3’3+2m5’4’3+6m4’4’4,0,m5’4’3,O,O,O]
[[3,1,1,1],0,0,0,0,0,0,my,,,+2my4,,,0,ms5,,+my5;5,,0,0]
[[2,2,2],0,0,0,mg54,0,ms,5,0,my,,,0,0,0]
[[2,2,1,1],0,0,0,0,0,0,ms 5, ,+my335,,0,my 45,+2my;53,+6m;555,0,
0]

[2,1,1,1,11,0,0,0,0,0,0,0,0,0,m,,,,,+2m;;3,,,,0]

aaaaa

H Algorithm:

The Laplace pairing is almost verbatim implemented as described above. For efficiency reasons,
internally an sparse exponential representation of partitions (see SchurFkt[part2mset]) is used.




The internal function doing this is LaplaceM mset (not exported). LaplaceM mon is a wrapper
for this function to make it applicable on ordinary partition representations. LaplaceM is the

| | multilinear version of LaplaceM mon.

H See Also: SchurFkt[outerM], SchurFkt[couter], SchurFkt[outerH.E.P], SchurFkt[couterM]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[LaplaceM] - Laplace pairing for the monomial symmetric function
concatenation algebra
SchurFkt[LaplaceTable] - a tabulated output of the LaplaceM pairing
SchurFkt[LaplaceM_mon] - Laplace pairing on monomials

Calling Sequence:

ol :=LaplaceM(ml,m2);
ol :=LaplaceM_mon(monl,mon2);
M1 = LaplaceTable(N,M);

Parameters:

e ml,m2 : monomial symmetric functions (elements of "type/mfktpolynom’) of any weight
monl,mon2: monomials (not terms or polynomials)
N.M . integers, weights of two sets of partitions, ordered in grAlexComp.

Output:

e t1 :monomial symmetric function polynom of type "type/mfktpolynom’, in the same basis as
the input type
M1 : atable which gives the LaplaceM pairing on the Cartesian product of two sets of partitions
of weight N,M

WARNING:

LaplaceM is for internal use mainly! LaplaceTable is for better display and may disappear in later
versions

LaplaceM_mon many be used for performance reasons, but be cautious with the input (no type
checking)!

H Description:

e LaplaceM is the algebra valued pairing of two monomial symmetric functions. This pairing is
needed to compute the cliffordization (aka Hopf algebra deformation, aka Drinfeld twist) which
deforms the divided powers concatenation product concatM into the outer product of symmetric
functions in the monomial basis SchurFkt[outerM] .

e The definition of LaplaceM is as follows:
1) LaplaceM(m[0],m[0]) := m[0]

i1) letn,..,n rand m,...,m_s have the r respectively s repetitions of the same parts
LaplaceM(m[n,...,n_r],m[m,....m s])=\delta {r,s} m[n+m,...,n+m_s]




iii) extend the above definition my Laplace expansion using the outer coproduct (
SchurFkt[couterM] ) and the divided powers concatenation product
SchurFkt[concatM] .

Laplace( concatM(m[lambda],m[mu]), m[rho]) = concatM( LaplaceM(m[lambda],
m[rho(1)]),LaplaceM(m[mu],m[rho(2)]))

Laplace( m[lambda],concatM(m[mu], m[rho])) = concatM(
LaplaceM(m[lambda(1)],m[mu]),LaplaceM(m[lambda(2),m[rho]))

e The LaplaceM pairing is graded in two ways. First, LaplaceM it is a graded map from /A x A\ -->/\.
Hence it maps two monomial symmetric functions of weight n and m onto a homogenous
polynomial of monomial symmetric functions of weight n+m. Further LaplaceM is graded by the
number of parts of a partition. As such, it is composed of infinite dimensional subblocks!
However, for finite input we get a finite output.

e LaplaceM_mon is the Laplace pairing acting on monomials. In tensor expression this is faster
since we know that the arguments are monomials and not monomial symmetric function
(polynomials or terms).

e Note that there is a function LaplaceTable(N.M) which displays the output of LaplaceM on the
set of partitions of N, M.

LaplaceTable shows a sort of 'multiplication table' since the LaplaceM pairing is algebra valued.
In the first row and columns, the partitions of the monomial symmetric functions used are given,
in the entry 1,1 the Laplace pairing <x|y> is displayed. For better display and understanding of the
procedure, the partitions are ordered in grAlecCopm order, that is ordered by the number-of-parts
grading first and then anti-lexicographicaly.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| Some examples for LaplaceM:

| > LaplaceM(m[0] ,m[0]) ;
LaplaceM(m[1,1,1] ,m[3,1,1]);
LaplaceM(m[2,1] ,m[2,1]) ;

m

My 22
my ,+2my
| Check for zeros because of the grading by parts:
| > LaplaceM(m[2,1] ,m[1]);
LaplaceM(m[3,2,2],m[2,2]);
LaplaceM(m[3,2,1] ,m[1,1,1,1,1]);




0
0

0

| Note that LaplaceM is a graded multiplication by the weight of the partitions, and can be
| nonzero for any pairs of weights!

| > LaplaceM(m[2,1,1] ,m[4,2,1]);

LaplaceM(m[5,5],m[9,1]);

Mg 3 y+Ms 45+ 2M5 5

L My 6
| Multilinearity:

| > LaplaceM(3*m[3],m[1]);
LaplaceM(3*m[2]+2*m[3],m[1]) ;
LaplaceM(3*m[2,1]+2*m[3],m[1]+m[2,1]);

3m,
3my+2m,

| 3my,+6my 3 +2m,
| WARNING: Since LaplaceM mon is for internal use mainly, there is no type checking!

| > LaplaceM mon(s[2],e[2]); ## no typecheck!! results as if
LaplaceM(m[2] ,m[2]) was given
LaplaceM mon(m[2] ,m[2]) ;

my
my

| Now we show a few tables of the LaplaceM pairing using the LaplaceTable function:

For better readability a first row and column is added showing the partitions of the monomial basis
| elements of the input of LaplaceM:

| > LaplaceTable(2,2);

LaplaceTable(7,4) ;

LaplaceTable (6,6) ;

<xp> [2] [L 1]
21 m, 0
[L1] 0 m,,




>

i <x|y> [4] [3,1] [2,2] [2,1,1] [1,1,1,17]
[7] my, 0 0 0 0
[6,1] 0 mg,+m;, mg, 0 0
[5,2] 0 mgs+mgs myy, 0 0
[5,1,1] 0 0 0 My o 5+ Mg 3 0
[4,3] 0 my +mgs  mg s 0 0
[4,2,1] 0 0 0 Mg 3 y+Ms 45+ 2M5 5 0
[4,1,1,1] 0 0 0 0 mMs 555
[3,3,1] 0 0 0 Mg 45+ My 4 0
[3,2,2] 0 0 0 ms 3 3 +2my 0
[3,2,1,1] 0 0 0 0 My 35
[3,1,1,1,1] 0 0 0 0 0
[2,2,2,1] 0 0 0 0 M3 33
[2,2,1,1,1] 0 0 0 0 0
[2,1,1,1,1,1] 0 0 0 0 0
[, L, L1, 1, 1,17 0 0 0 0 0 J
[<x]y>,[6],[51],[4,2],[4,1,1],[3,3],[3,2,1],[3,1,1,1],[2,2,2],[2,2,1,1]

[2,1,1,1,1],[1,1,1,1,1, 1]]

[fe1,m,,,0,0,0,0,0,0,0,0,0,0]
[[5,1],0,m10’2+2m6’6,m9’3+m7’5,0,m8’4,0,0,0,0,0,0]

[[4,2],0,mg y+my s, mg ,+2mg ¢, 0,m;5,0,0,0,0,0,0]
[[4,1,1],0,0,0,mg,,+2ms5,,0,my 5 +mg,,+ms,3,0,mg;5,0,0,0]
[[3,31,0,mg 4,m;5,0,mg,,0,0,0,0,0,0]
[[3,2,11,0,0,0,m; 5 ,+mg 4 ,+mg 45,0,

m6’4’2+2ms’s’z+2m6’3’3+2m5’4’3+6m4’4’4,0,m5’4’3,O,O,O]
[[3,1,1,1],0,0,0,0,0,0,my,,,+2my4,,,0,ms5,,+my5;5,,0,0]
[[2,2,2],0,0,0,mg54,0,ms,5,0,my,,,0,0,0]
[[2,2,1,1],0,0,0,0,0,0,ms 5, ,+my335,,0,my 45,+2my;53,+6m;555,0,
0]

[2,1,1,1,11,0,0,0,0,0,0,0,0,0,m,,,,,+2m;;3,,,,0]

aaaaa

H Algorithm:

The Laplace pairing is almost verbatim implemented as described above. For efficiency reasons,
internally an sparse exponential representation of partitions (see SchurFkt[part2mset]) is used.




The internal function doing this is LaplaceM mset (not exported). LaplaceM mon is a wrapper
for this function to make it applicable on ordinary partition representations. LaplaceM is the

| | multilinear version of LaplaceM mon.

H See Also: SchurFkt[outerM], SchurFkt[couter], SchurFkt[outerH.E.P], SchurFkt[couterM]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[m to p] - basis change from monomial to power sum symmetric functions

Calling Sequence:

ptkt := dummy(mfkt)

Parameters:
e mfkt : monomial symmetric function
Output:

e pfkt : power sum symmetric function

WARNING:

--quick and dirty hack, needs to be replaced by a combinatorial algorithm--

H Description:

e The basis change from monomial symmetric functions to power sum symmetric functions.

e The current implementation does not use a combinatorial algorithm buy computes the basis
change p_to m and inverts the linear operator (matrix) using maples matrix inverse.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > m to p(m[1]);
m_to_p(m[2]);
m_to_p(m[3]);
m _to _p(m[4]);

P
P>
P3
L Py
[ > m to p(m[1,1]);
m to p(m[2,1]);
m _to p(m[1,1,1]);
1 1
—5p2+5p1,1

—P3 TP,




1 1 1

Py +
3193 P2

2

I 6P1, 11
| Linearity:
> m_to_p(2*p[2]+3*p[3,2,1]) ;
L 2p,py+3Dp301 P
[ > m to p(m[2,2,1,1]);

p_to m(%); # inverse

3 5 1 1 1 1

— PsTPs 1 +ZP4,2 _ZP4, 1,1 +£p3,3 —D321 _sz, 2,2 +ZP2, 21,1

2
L my 21,1
| Critical cases:
[ > m to p(0);
m_to p(m[0]);
0
L Py
L[>
Algorithm used:

| --void, a quick hack--
See Also: SchurFki[p to_m], SchurFkt[Overview] (there are many functions b_to_b changing
from A-basis to B-basis)

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt{MLIN] - makes the function T() multilinear over the integers

Calling Sequence:

ex2 := MLIN(ex1)

Parameters:
e cxl :expression of type symfktpolynom
Output:

e ex2 : linearized (over the integers) expression of type symfktpolynom

WARNING:

this function is for internal use only and may disappear in later versions of SchurFkt. In a later
version of SchurFkt this function may disappear and may be replaced by the tensor based on the
(patched) define command of Bigebra .

H Description:

e MLIN is applied in a substitution for T(expression) and needs an explicit evaluation. If substituted
for T(expression) it makes this function multilinear over the integers.

e MLIN is a quick an dirty hack to achieve a special form of multilinearity. It may be replaced in
later versions of SchurFkt by a better device and should not be used in derived work!

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > T(2*s[3]+3*s[2,1],2*s[1,1]+s[2]);
T(2s3+3s, 1,258, +5,)
> eval (subs (T=MLIN, %)) ;
4T(s3,sl’1)+2T(s3,s2)+6T(sz,1,s1,1)+3T(sz’l,sz)

>
| [ mandatory test cases and most likely cases a user want to type in [not yet done]

H Algorithm used:

| Quick and dirty hack, not to be documented.

L[
|=| See Also: SchurFki[FLAT]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




L‘J Function: SchurFkt[mset2part] - translates a partition in multiset notation into a partition in
standard format

Calling Sequence:

prt := mset2part(expprt)

Parameters:

e expprt : exponential of power or multiset notation for a partition
Output:

e prt : standard (shape form) of a partition

WARNING:

| --none-
H Description:

e mset2part translates partitions in exponential or multiset notation into standard partitions, e.g., :
\lambda=[1"2 20 3*1 470 ..]=3 1 1)

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > mset2part([1,3]);
mset2part([0,0,0,0,0,1]);
mset2part([1,1,1,1]);
mset2part ([6]) ;

[2,2,2,1]
[6]
[4,3,2,1]
L [1,1,1,1,1,1]
> part2mset([3,3,2,2,1,1]);
mset2part (%) ;
part2mset([3,2,2,1,1,1]);
mset2part (%) ;
[2,2,2]
[3,3,2,2,1,1]
[3,2,1]

[3,2,2,1,1,1]




| Critical cases:
{ > mset2part([]);

o L>
H Algorithm used:

The exponents given in the mset representations give direct a way (if read in reverse) to construct
{ the partition in ordinary standard notation.

L

H See Also: SchurFkt[part2mset]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




L‘J Function: SchurFkt[MurNak2] - computes the Murnaghan-Nakayama rule in a recursive way

Calling Sequence:

int := MurNak2(sfkt,pfkt)

Parameters:

o sfkt,pfkt : And sftmonom and a pfktmonom
Output:

e int : integer (-1,0,+1)

WARNING:
function is for demonstration only and is not (multi)linear!

H Description:

e MurNak2 is not used in the package. It is a demonstration of certain mathematical facts and can
be used to check the correctness of the much faster SchurFkt[MurNak]| function which is a direct
combinatorial implementation of the Murnaghan-Nakayama rule.

e MurNak? is a recursive implementation it uses tow facts: The fact that the Murnaghan-Nakayama
rule is known on hook shaped Schur functions (1) (see also SchurFkt[CharHook]) and the fact
that the Murnaghan-Nakayama rule is nothing else than the Schur-Hall scalar product between the
Schur- and power sum bases. This turns the Murnaghan-Nakayama map MurNak2: A\ s x /A p
---> Integers into a Laplace pairing (2).

(1) MurNak2(s {at+1,1"b}, p_{n})=(-1)"b * \delta(a+b+1,n)

(2) MurNak2(s \nu,p \mu) = MurNak2(s \nu(1),p \mul) * MurNak2( s \nu(2),p \mu[2..1])

e This recursion shows, that the characters of the symmetric group can be computed via a
Glebsch-Gordan decomposition (used in the outer coproduct for Schur functions) and the relation
for hook shaped Schur functions. It also shows that the Murnaghan-Nakayama rule is nothing but
the Schur-Hall scalar product in the s-p-basis.

e The later fact can be used to compute the Murnaghan-Nakayama rule in a third way. We can
transform Schur functions into complete functions using the Kostka matrix and the power sums
functions into monomial symmetric functions using the Rota-Stein deformation of the monomial
symmetric functions, which provides a method to implement the p_to m basis change:

(3) MurNak2(s \mu,p nu) = <s \mu,p_\nu>= \sum_\rho K \mu\rho <h \rho, p to m(p \nu)
>




H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service
(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]
| > MurNak2(s[3],p[3]); # fits in one row (-1)*~(1-1) = +1

MurNak2 (s[2,1] ,p[3]); # fits in two rows (-1)7(2-1) -1
MurNak2 (s[1,1,1],p[3]):# fits in three rows (-1)7(3-1) = +1
MurNak2 (s[3,3],p[2,2,2]); # there is more than one
decomposition into boundary strips

1

-1

1
L -3
. We exemplify our claim (3) from above.
[ > 'MurNak2' (s[3,3],p[2,2,2])=MurNak2(s[3,3],p[2,2,2]);
(s[3,3]1,p[2,2,2])="ScalarMH' (s_to h(s[3,3]) ,p_to m(p[2,2,2]));
eval (subs(s[0]=1,%));

SchurFkt:-MurNak2(s; 3, p, 5 ,) = -3

(83,35 P2, 2, 2) = SchurFkt:-ScalarMH(=hy , + hs 3, mg+3m, ,+6m, , ;)

- (83,3 P5,2,2) = -3
o L>
H Algorithm used:

{ We use the above described algorithm splitting of parts from p_\mu and computing the coproducts
of s \nu unless we can stop the recursion using CharHook.

L L
H See Also: SchurFkt[MurNak]

(c) Copyright 2003-008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




L‘J Function: SchurFkt[MurNak] - computes the Murnaghan-Nakayama, hence the characters of the
symmetric group

Calling Sequence:

int ;= MurNak(part1,part2)

Parameters:

e partl,part2 :two partitions corresponding to a power sum symmetric function and a Schur
function.

Output:
e int : an integer

WARNING:

| no type checking! (for internal use mainly! ins to p,p to_s etc)
H Description:

e MurNak computes the rimhook decomposition of a Young diagram by rimhooks given by the
parts of a power symmetric function. This is an efficient way to compute the characters of the
symmetric group.

¢ For efficiency reasons, MurNak uses internally a rim representation of partitions. This is an
encoding of the shape of a partition via north (=0) and east (=1) steps. A shape translates into an
infinite set of steps describing the path from (0,-infinity) to (infinity,0). (The infinite pre and
suffixes are of course not used internally).

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| Some simple cases, where the power sum argument (first argument) has one part (one hook) and
| the Schur function part has 1,2,3 rows, which yields the signs (internally1)*1 and (-1)"2
[ > MurNak ([3],[31);

MurNak ([3],[2,1]);

MurNak([3],[1,1,1]);

1

-1

L 1
[ > MurNak ([4],[4]) ## 1 row
MurNak ([4],[3,1]1); ## 2 rows

MurNak ([4],1[2,2]) ; ## not a hook, => 0




MurNak ([4],[2,1,1]); ## 3 rows
MurNak ([4]1,[1,1,1,1]1); ## 4 rows

1

-1

0

L -1

L[>
H Algorithm used:

| MurNak uses several internal functions:

makeRimRep: this function transforms the shape of a partition (Young diagram) into its rim
representation (north-east-sequesnce of steps). Note that rime represented partitions are not
available on the user level but only internally to the module SchurFkt.

removeRimHook: This is the function which actually does the job of removing a rimhook from a
partition. It looks for a pair of east-north step in the distance of the length of the hook. If such a
pair is found, the pair is exchanged (the hook removed) and a sign is computed according to the
number of north steps in between the removed pair. This gives the height of the hook and hence
the desired sign of the reduction. The function returns pair: the rimhook represented partition with
removed hook and the sign.

MurNakRim: This is the Murnaghan-Nakayama rule on the rimhook representation level. It calls
removeRimHook several times according to the partition corresponding to the power sum
removing for each part of the power sum partition exactly one hook. The function keeps track of
all possible removals. The result is given in standard list notation for partitions.

Finally MurNak is the wrapper function taking user supplied arguments and preparing them for
| usage in MurNakRim.
L
H See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA.




L‘J Function: SchurFkt[outer] - outer product of two Schur functions

Calling Sequence:
ol := outer(s1,s2)

ol := outer(s1,s2,...sn)
Parameters:

e sl,s2  : S-function polynoms (an element of "type/spolynom’) of any weight
sl,...,sn : S-function polynoms, n ranging in the positive integers

Output:
e ol : S-function polynom of type “type/stktpolynom".

WARNING:

make sure to use Schur function basis, no type checking yet !!.

| NOTE: This functions is also known as SchurFkt[outerS].
H Description:

e The outer Schur function product multiplies two Schur polynomials using the
Littlewood-Richardson rule. If the two Schur functions are of weight (number of boxes in the
corresponding Young diagram, aka partition) n and m, then the output is a polynomial with
integer coefficients in Schur polynomials of weight n+m.

e The outer product is multilinear over the integers (fractions of integers) as the ring of symmetric
functions /\ is build as a polynomial ring over the integers or the fractions.

e In principle this product depends not on a chosen basis. However, the combinatorial algorithms
which implement this product depend heavily on the fact that the Schur polynomials are related to
the basis of irreducibles of /\.

e For the outer product in other bases see SchurFkt[outerH.E.P].

e NOTE: A Schur polynomial is represented as s[lambda], where lambda is a partition of n. This
object is treated as an identity, even if itself is a polynomials in (possibly infinite many) variables
x1,...xn,... . A S-function monom is a single Schur polynom with coefficient unity, an S-function
term is a Schur polynom with an integer (fractional) prefactor, a S-function polynomial is an
integer (fractional) linear combination of Schur polynomials.

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]




| Some some elementary examples of outer products of Schur polynomials.
[ > outer(s[l],s[0])=s[1l];
outer(s[0],s[3,1,1])=s[3,1,1];

S =9

S3,1,1 = 53,1,1

| This shows that s[0]=1(x)=1 is the unit of the polynomial ring.
[ > outer(s[1l],s[1]):

outer(s[2],s[1]):

outer(s[1,1],s[1]);
outer(s[4,2,2,1,1],s[1]1);

S2+S1’1
S5 +S2’1

Sy 0TS0

L Ss.2,2,1,1 T 84,3,2,1,1 T54,2,2,21 TS4.2,0,1, 1,1

| Adding a single box to another single box can be done in two ways, horizontally and vertically,
giving two boxes in a row {2} or two boxes in a column {11}. More generally a single box is
added in all possible ways to the pile of boxes of another Schur polynomial. No multiplicities can
| occur.

[ > outer(s[1l],s[1l],s[1]):

outer(s[2]+s[1,1],s[1]);

s3+2sz’1+sl’1,1

L S3+28) 1+,

| Putting a polynomial into the product (or iterating the product) may give multiplicities. These
coefficients make up the multiplication table of the ring and can be obtained by the Schur-Hall
| scalar product:

[ > out:=outer(s[l],s[2]):

Scalar (out,s[3]);

Scalar (out,s[2,1]);

Scalar(out,s[1,1,1]);

So
So
| 0
| Note that s[0]=1 is the unit of the product.
[ > outer(s[4]+3*s[2,1]1,s[0]);
s,+3 Sy

| Critical cases:
[ > outer (0) ;




outer(s[]); # should not occur but should possibly return s[0]
0
507
>
H See Also: SchurFkt[Overview], SchurFkt[couter], e.g., SchurFkt[outerH] (see many other
incarnations of outerA for A-basis)

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[outerE] - outer product in the elementary symmetric function basis
(E-basis)
SchurFkt[outerH] - outer product in the complete symmetric function basis (H-basis)

Calling Sequence:

efkt := outerE(efktl,efkt2,...)
hfkt := outerH(hfkt1,hfkt2,...)

Parameters:

e efkti : one or more elementary symmetric functions
hfkti : one or more complete symmetric functions

Output:

e efkt : elementary symmetric function
htkt : complete symmetric function

WARNING:

| --none--
H Description:

e The E-basis (H-basis) is multiplicative. That is, the outer product is given by unordered
concatenation.

¢ Note that the concatenation product of monomial symmetric functions concatM is different since
it involved divided powers and therefore introduces prefactors.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > outerE (e[4],e[4]);
outerE (e[2],e[1]);
outerE(e[l],e[2]); # unordered !

"> outerH(h[4,4],h[2,2]);
outerH(h[2,1],h[1,1]);
outerH(h[1,1],h[2,1]); # unordered '

h4, 4,2,2




h2, 1,1,1

oy 11
| More than one entry and linearity in each slot:

[ > outerE (e[3],e[2],e[l]):

outerE (e[l]+e[2],e[3],e[4]+e][5]);
outerE (3*e[3,2,2,1] ,4*e[4,2,2]);
#

outerH (h[3],h[2] ,h[1]);

outerH (h[1]+h[2],h[3],h[4]+h[5]);
outerH(3*h[3,2,2,1],4*h[4,2,2]);

€32, 1

€431 17653 17€ 3,165 3,

sssss

h3, 2,1

sssss

| Critical cases:

[ > outerE (0) ;
outerE (e[]); # should not occure but possibly return e[0]
#

outerH(0) ;

outerH(e[]); # should not occure but possibly return e[0]

>
H Algorithm used:

On monomials combine the index sets and sort. Generalize to many input arguments and
{ implement linearity..

L L

H See Also: SchurFkt[outer], SchurFkt[outerP], SchurFkt[outerH], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[outerE] - outer product in the elementary symmetric function basis
(E-basis)
SchurFkt[outerH] - outer product in the complete symmetric function basis (H-basis)

Calling Sequence:

efkt := outerE(efktl,efkt2,...)
hfkt := outerH(hfkt1,hfkt2,...)

Parameters:

e efkti : one or more elementary symmetric functions
hfkti : one or more complete symmetric functions

Output:

e efkt : elementary symmetric function
htkt : complete symmetric function

WARNING:

| --none--
H Description:

e The E-basis (H-basis) is multiplicative. That is, the outer product is given by unordered
concatenation.

¢ Note that the concatenation product of monomial symmetric functions concatM is different since
it involved divided powers and therefore introduces prefactors.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > outerE (e[4],e[4]);
outerE (e[2],e[1]);
outerE(e[l],e[2]); # unordered !

"> outerH(h[4,4],h[2,2]);
outerH(h[2,1],h[1,1]);
outerH(h[1,1],h[2,1]); # unordered '

h4, 4,2,2




h2, 1,1,1

oy 11
| More than one entry and linearity in each slot:

[ > outerE (e[3],e[2],e[l]):

outerE (e[l]+e[2],e[3],e[4]+e][5]);
outerE (3*e[3,2,2,1] ,4*e[4,2,2]);
#

outerH (h[3],h[2] ,h[1]);

outerH (h[1]+h[2],h[3],h[4]+h[5]);
outerH(3*h[3,2,2,1],4*h[4,2,2]);

€32, 1

€431 17653 17€ 3,165 3,

sssss

h3, 2,1

sssss

| Critical cases:

[ > outerE (0) ;
outerE (e[]); # should not occure but possibly return e[0]
#

outerH(0) ;

outerH(e[]); # should not occure but possibly return e[0]

>
H Algorithm used:

On monomials combine the index sets and sort. Generalize to many input arguments and
{ implement linearity..

L L

H See Also: SchurFkt[outer], SchurFkt[outerP], SchurFkt[outerH], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[outerM] - outer product of monomial symmetric functions (a la Rota-Stein)

Calling Sequence:

mfkt := outerM(mfktl,mfkt2,...)

Parameters:

mfkti : one or more monomial symmetric functions

Output:

mfkt : monomial symmetric function

WARNING:

--none--

H Description:

Monomial symmetric functions are the classical symmetric functions. The outer product is
involved since this basis is not multiplicative.

Using the concatM product on the module spanned by monomial symmetric functions, we can
deform this product to become the outer product by using the LaplaceM pairing. Such a
deformation is called a cliffordization.

A direct approach to the multiplication in monomial symmetric functions was given by Rota and
Stein and yields an alternative way to compute the Littlewood-Richardson coefficients (up to the
basis change m_to_s).

(1) m \mu . m_\nu=\sum_ \lambda r"\lambda \mu\nu m_\lambda

In a Hopf algebraic notation with Sweedler indices, the outerM product reads
(2) outerM(x,y) = concatM( LaplaceM(x_(1),y (1)), concatM( x _(2),y (2)))

where one should note that the LaplaceM pairing is algebra valued and not scalar valued!

This function allows to construct the basis change p_to_m by using the fact that the p-basis is
indeed multiplicative.

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

> outerM(m[1] ,m[2]) ;

outerM(m[2],m[1]) ;



outerM(m[1],m[1]) ;
outerM(m[2] ,m[2]) ;
my+my |
my+m, |
my,+2m
| my+2m,,
[ > outerM(m[2,1],m[3,1]);
outerM(m[2,1],m[2,1]);
Ms oty 3+ 2y 5 oMy o+ 2my 5 +2ms o +2my
m4,2+2m3,3+6m2,2,2+2m3,2,1 +2’”4,1,1 +4’"2,2,1,1

E Linearity and multiple entries (due to associativity):
[ > outerM(m[1l],m[1],m[1]);
outerM(m[2] ,m[1],m[3]);

my+3m,  +6m
L Mg+ 2 M3 3+ My 5+ My + 1y 5
[ > outerM(2*m[1]+3*m[2,1],5*m[1,1]+m[2,2]);
10m2’1+30m1’1’1 +17m3’2+32m2,2’1+3Om3’1,1 +45 m2,1’1’1+3m4,3+6m3’2,2
+3my,  +9my 55,

| Critical cases:
[ > outerM(0) ;
outerM(m[0]) ;
outerM(m[]); # should not occure and should possibly return

m[O0]
0
m,
L my
>
H Algorithm used:

The algorithm implements the cliffordization along the equation (2). This is done by using some
internal helper functions of the module, which for efficiency reasons use the exponential
representation of the partitions indexing the monomial symmetric functions. Most of these
functions are used to implement the LaplaceM pairing. Note that the coproduct couterM is also
needed to write down (2)

L L
H See Also: SchurFkt[outer], SchurFkt[LaplaceM], SchurFkt[concatM], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[outerON] - outer product for orthogonal (symplectic) characters

Calling Sequence:

os := outerON(os1,0s2,...)

Parameters:
e osi :one or more (orthogonal / symplectic) Schur functions
Output:

e 0s : (orthogonal / symplectic) Schur function

WARNING:

Note: SchurFkt does not distinguish between different types of Schur functions for different groups
(yet). Hence orthogonal and symplectic Schur functions are denoted as s[\lambda] as are the
classical Schur functions for GL

H Description:

We denote the characters of the orthogonal and symplectic Schur functions by s[\lambda] (do not
confuse with GL characters!). outerON implements the Clebsch-Gordan decomposition of the
tensor products of such characters w.r.t. the orthogonal (symplectic) group. This is done using the
branching process.

It is a well known result of Newell and Littlewood, that the decomposition of the tensor product of
orthogonal characters (also denoted as [\lambda]) and symplectic characters (also denoted as
<\lambda>) is given by:

(la) [\mu].[\nu] =\sum_ {\zeta} [\mu/\zeta . \nu/\zeta]
(1b) <\mu>.<\nu> =\sum_{\zeta} <\mu/\zeta .\nu/\zeta>

The fact that these decompositions are identical is an accident of this pair of groups (see BF, P.D.
Jarvis, "A Hopf laboratory of symmetric functions", J. Phys.A: Math. Gen: 37(5)
2004:1633-1663)

outerON can take one or more arguments and is commutative, associative and unital w.r.t. s[0]. In
the stable limit this HA is another isomorphic incarnation of the symmetric function Hopf algebra
A\ (see BF, P.D. Jarvis, R.C. King, "On the Hopf algebra structure of the character rings of
orthogonal and symplectic groups"arXiv:0704.2029)

Note: outerON is not graded by weight but only filtered!

Note that the outer coproduct of the outer Hopf algebra for orthogonal and symplectic groups are
no longer finitary expressions but formal power series. At this place it is worth using vertex
operator algebra techniques which are beyond the current version of SchurFkt.



=l Examples:
[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > outerON(s[1l],s[1l]); # see additonal term s[0]
outerON(s[1l],s[1]1,s[1]);
outerON(s[3],s[3]1);

Sy + 8+ 58
s3+2s2,1+3s1+sl’1’1

S6+S5,1+S4,2+S3’3+S4+S3,1+S2’2+S2+S151+S0

| Multilinearity and associativity:
[ > outerON(s[3],outerON(s[1l],s[2,1])):
outerON (outerON(s[3],s[1]),s[2,1]);

285 +4853406058, +28;  FSe F285 4285 Sy 3+38,,  +835+285+65,
+583 5+ 583 F38 0 F S5 00 Syt S0 0TS0

254453405, | +28) S 1 T285, 4285 48, 3+38,, 835 +255+08,,

L +583 5+ 583 F38 0 F S5 00 Syt S0 0 TS0

[ > outerON(2*s[2]+3*s[1,1],s[3,2,1]+s[4]);

2s2+2s6+5s5’]+7s4,2+5s3’3+5s4+10s3,l+5s2’2+5s251,1+15s3,251+2s5,2,]
+58, 3158, 5058, 5 T3S 3 0t 58y 53 5835, 1 H88, 1 +585
+58, 5538, 511 F38355 111

| Critical cases:
[ > outerON(O0) ;
outerON(s[]); # should not occure, but should possibly return

s[0]
0
L 511
>
H Algorithm used:
| outerON is implemented along the Newell-Littlewood formula (1a).

L L
H See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[outerP] - the outer product of symmetric functions in the power sum basis

Calling Sequence:

ptkt := dummy(ptktl,pfkt2,...)

Parameters:

e pfkti : one or more power sum symmetric functions
Output:

e pfkt : a power sum symmetric function

WARNING:

| --none--
H Description:

e Power sums symmetric functions for a multiplicative basis. Hence they have the same outer
product as outerH and outerE . However, the outer product fro power sum symmetric functions
has further importance, since this is a orthogonal basis w.r.t. the Schur-Hall scalar product .

e Power sum symmetric functions correspond to characters of the symmetric group. The
multiplicativity of the power sum functions and the Schur-Hall scalar product between a one part
power sum and a hook shaped Schur function and the outer coproduct of Schur functions allows
to compute the Murnaghan-Nakayama rule in yet another way.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

| > outerP(p[1l],p[1]);
outerP(p[1l,1],p[1,1]);
outerP(p[2,1],p[3,1]);
outerP(p[2,2],p[4,3,1]); # unordered concatenation

P11
IS
P321,1

L P4 3201
| Check how this is related to characters:
> MurNak ([3]1, [3]) ;

CharHook (s[3],pI[31])

#




MurNak ([3,3],[5,1]); ## input p,s
Scalar(p_to_s(p[3,3]),s[5,11);
1
1
-1
L o
| Critical cases:
[ > outerP(0) ;
outerP(p[]);
0
L pr
>
H Algorithm used:

{ On monomials this is just the unsorted concatenations (= concatenate the indices and sort the
entries to get a standard representation)

L

H See Also: SchurFkt{MurNak], SchurFkt{MurNak?2], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[outerS] - outer product of two Schur functions

Calling Sequence:
ol := outer(s1,s2)

ol := outer(s1,s2,...sn)
Parameters:

e sl,s2  : S-function polynoms (an element of "type/spolynom’) of any weight
sl,...,sn : S-function polynoms, n ranging in the positive integers

Output:
e ol : S-function polynom of type “type/stktpolynom".

WARNING:

make sure to use Schur function basis, no type checking yet !!.

| NOTE: This is the same function as SchurFkt[outer].
H Description:

e The outer Schur function product multiplies two Schur polynomials using the
Littlewood-Richardson rule. If the two Schur functions are of weight (number of boxes in the
corresponding Young diagram, aka partition) n and m, then the output is a polynomial with
integer coefficients in Schur polynomials of weight n+m.

e The outer product is multilinear over the integers (fractions of integers) as the ring of symmetric
functions /\ is build as a polynomial ring over the integers or the fractions.

e In principle this product depends not on a chosen basis. However, the combinatorial algorithms
which implement this product depend heavily on the fact that the Schur polynomials are related to
the basis of irreducibles of /\.

e For the outer product in other bases see SchurFkt[outerH.E.P].

e NOTE: A Schur polynomial is represented as s[lambda], where lambda is a partition of n. This
object is treated as an identity, even if itself is a polynomials in (possibly infinite many) variables
x1,...xn,... . A S-function monom is a single Schur polynom with coefficient unity, an S-function
term is a Schur polynom with an integer (fractional) prefactor, a S-function polynomial is an
integer (fractional) linear combination of Schur polynomials.

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]




| Some some elementary examples of outer products of Schur polynomials.
[ > outerS(s[1l],s[0])=s[1l];
outerS(s[0],s[3,1,1])=s[3,1,1];

S =9

| 53,11 753,11
| This shows that s[0]=1(x)=1 is the unit of the polynomial ring.
| > outerS(s[1l],s[1]);
outerS(s[2],s[1]);
outerS(s[1l,1],s[1]);
outerS(s[4,2,2,1,1]1,s[1]);

Sy+ 8y

S35,

Sy 0TS0

L Ss0.0 1,1 T54,3,2,1,1 754.2,2,01 75420, 1,1,1

| Adding a single box to another single box can be done in two ways, horizontally and vertically,
giving two boxes in a row {2} or two boxes in a column {11}. More generally a single box is
added in all possible ways to the pile of boxes of another Schur polynomial. No multiplicities can
| occur.

[ > outerS(s[1l],s[1],s[1]):

outerS(s[2]+s[1,1],s[1]);

s3+2sz’1+sl’1,1

L S3+28) 1+,

| Putting a polynomial into the product (or iterating the product) may give multiplicities. These
coefficients make up the multiplication table of the ring and can be obtained by the Schur-Hall
| scalar product:

[ > out:=outerS(s[l],s[2]):

Scalar (out,s[3]);

Scalar (out,s[2,1]);

Scalar(out,s[1,1,1]);

So
So
| 0
| Note that s[0]=1 is the unit of the product.
[ > outer(s[4]+3*s[2,1]1,s[0]);
s,+3 Sy

| Critical cases:
[ > outer (0) ;




outer(s[]); # should not occur but should possibly return s[0]
0
507
>
H See Also: SchurFkt[Overview], SchurFkt[couter], e.g., SchurFkt[outerH] (see many other
incarnations of outerA for A-basis)

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[p to m] - basis change from power sum to monomial symmetric functions

Calling Sequence:

mfkt :=p to m(ptkt)

Parameters:
e pfkt : power sum symmetric function
Output:

e mfkt : monomial symmetric function

WARNING:

| --none--
H Description:

e The basis change from power sum symmetric function to monomials symmetric functions is
important at many areas of symmetric function theory. Here it is implemented (for the first time)
using Rota-Stein cliffordization techniques for the outer product of monomials symmetric
functions (see outerM).

H Examples:
[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > p_to m(p[3]); # on primitive elements this is an isomorphism
p_to_m(p[7]);
p_to_m(p[1l]);
p_to_m(p[9]);
ms

m,

m

L My
| Note the difference for identical and non indentical indices coming from the concatM product
| underlying outerM
| > p_to m(p[2,1]) ,outexM(m[2] ,m[1]) ;

p_to_m(p[1l,1]) ,outerM(m[1] ,m[1]) ;

my+my g, my+my
my+2m ,my+2m

[ Note that the basis change can be described by looking at all possible contractions of indices in a




| successive way adding certain multiplicities if the same indices are contracted
[ > p_to_m(p[3,2,1]); # [3,2,1], [3+1,2], [3,2+1], [3+2,1],
[3+2+1]
outerM(m[3] ,m[2] ,m[1]) ;
p_to m(p[2,2,2]); # [2,2,2], [2+2,2], [2+2+2]
outerM(m[2] ,m[2] ,m[2]) ;
Mg+ms +2m; 3+my ,+ms;,
Mg+ms +2m; 3+my ,+ms,
mg+3my ,+6m,,,

| m6+3m4’2+6m2’2’2
| Critical cases:
> p_to m(0);
p_to_m(p[])’
p_to_m(p[0]);

0
m
L my
CL>
H Algorithm used:

We write p[\mu] = p[\mul] . p[\mu2] .... p[\mul] and use this isomorphism p[n]=m[n] for all n on
primitive elements. Then we multiply back using the outer product in the monomial symmetric
function basis outerM .

L L

H See Also: SchurFkt[Overview], see there many functions called a_to_b for basis change from
A-basis to B-basis.

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[p to s] - basis change from power sum symmetric functions to Schur
functions

Calling Sequence:

stkt :=p_to_s(pfkt)

Parameters:

e pfkt : power sum symmetric function

Output:
e sfkt : Schur function

WARNING:

| --none--
H Description:

e This basis change of symmetric functions encodes the inverse transformations as the character
table of the symmetric group. It is realized by an implementation of the Murnaghan-Nakayama
rule (with rim-represented Young diagrams for efficiency reasons) for the s to p basis change and
inverts the whole matrix.

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > p_to_s(pll]);
p_to_s(pl[2]);
p_to s(p[1,1]);
p_to_s(p[3]);
p_to _s(pl[2,1]);
p_to_s(p[1,1,1]);

S3781 11

L S3+28, 1 +58 1
| > InvcharTab:=proc (N)
local prt;




prt:=map (x->s[op(x)],PartNM(N,N)) ;
linalg[matrix] (nops (prt) ,nops(prt),

(i,3)->subs (s[0]=1,Scalar(s[op(prt[i])],p_to_s(plop(prt[jl)])))
)
end proc:
> InvcharTab (2) ;
evalm(2!'*$~(-1)) ;
#
InvcharTab (3) ;
evalm(3!'*3*(-1));

11
1 0 2
L1 -1 1]
2 2 2]
30 -3
12 1]

| p_to sisinversetos to p:
| > p_to_s(p[3,2,2,1]);
s_to_p(%);

Sg+ 8607286 11 TS5 3T Ss 1117504 Se 3001117253327 530017285 11111

S22 S 00 0TS TSLL L L L
L P32.21
| Critical cases:
[ > p_to _s(0);
p_to_s(pl[]);
p_to_s(p[0]);
0
So
L So
>
H Algorithm used:
| Direct usage of the Murnaghan-Nakayama rule.
[

See Also: SchurFki[s to_p], SchurFkt[Overview], see also other functions a_to_b for basis



changes from A-basis to B-basis.

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt[part2Frob] - translates a standard partition (shape) into Frobenius notation
Calling Sequence:

Frob := part2Frob(prt)

Parameters:
e prt : apartition in standard notation (list integer)
Output:

e Frob : a Frobenius partition list list integer

WARNING:

| --none--
H Description:

o Partitions have many representations. SchurFkt uses standard partitions (list of the row length of
the Young diagram) as a standard. The Frobenius notation for partitions is given by two equally
long lists describing the arm length and leg length of the diagram seen from the diagonal boxes.

e Let (i,j) be the indices (Anglo-Saxon = matrix indexing) of a box in a Young diagram. The
diagonal boxes have index (i,1) and the Frobenius rank of a partition is the number of such
diagonal boxes. The arm length of (i,1) is given by the numbers (may be zero) of boxes in the row
right to (i,1). The leg length is given by boxes below (i,1) (may be zero). A Frobenius partition is
then given by the lists of arm and leg lengths.

e Hook shaped partitions have Frobenius representations by exactly one arm and one leg (may be
Zero).

H Examples:

[ > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

> part2Frob([3,3,1,1]);
part2Frob([1,1,1,1]);
part2Frob ([4]) ;
part2Frob([3,2,1]);
part2Frob([4,3,2,1]);
part2Frob([4,4,4,4]);

[[2,1],[3,0]]
[[0],[3]]
[[3].[0]]




[[2,0],[2,0]]
[[3, 1], [3,1]]
L [[3,2,1,0],[3,2,1,0]]
| Hooks:
| > part2Frob([4,1,1,1]);
part2Frob([1,1,1,1]);
part2Frob([2,1,1,1,1,1]);
part2Frob([9,1,1,1]);

31,0311
0], [31]
1], [5]]
81,1311

— oo
—

| Frob2part is the inverse to part2Frob:
| > part2Frob([6,6,2,2,1]);
Frob2part (%) ;

[[5.4],[4.2]]

L [6,6,2,2,1]
| Critical cases:
| > part2Frob([]);
i ([ L[1]
>

H Algorithm used:
| Just detecting arm and leg lengths and preparing the two lists.
[

H See Also: SchurFkt[Frob2part], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[part2mset] - translates a partition in standard representation into an multiset
(exponential) representation

Calling Sequence:

mprt := part2mset(prt)

Parameters:

e prt : apartition in standard notation (a shape)
Output:

e mset : a partition in multiplicity notation

WARNING:

| --mainly internal use--
=l Description:

e part2mset transforms a partition in standard notation (list integer, a shape of a Young diagram)
into the multiplicity representation. This reads \mu=(\mu_1,\mu_2,...\mu I)=[1"r 12"r 2 ...
n”r_n] where the weight (number of boxes) of the partition is \sum \mu_1 =n. We have hence that
the r 1 are an integer solution of 1r_1+2r 2+3r 3...4+nr n=n.

e multiplicity represented partitions are used internally and are not intended for user purpose.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > part2mset([3,3,1,1]); # 2 ones 2 threes
part2mset([1,1,1,1]); # 4 ones
part2mset([4,3,2,1]); # one one, one two , one three one four

[2,0,2]
[4]
L [1,1,1,1]
| part2mset is the inverse of mset2part:
| > mset2part([2,0,0,2,1,1]);
part2mset (%) ;
[6,5,4,4,1,1]
[2,0,0,2,1,1]

| Critical cases:
> part2mset ([]);
part2mset([0]) ;




{ [ ]
[]
[ >
Algorithm used:

| It is just a matter of counting to get the multiplicities and the procedure does just this.
See Also: SchurFkt[mset2part], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: SchurFkt[PartNM] - returns a list of partitions of N with parts of size at most M.

Calling Sequence:

Ist := PartNM(N,M)

Parameters:
e N,M : integers
Output:

e Ist : list of partitions in standard representation and ordered by AlexComp.
WARNING:

| Note that the Maple combinat package does use the inverse ordering of partitions.
H Description:

e PartNM returns a list of partitions of N into parts of site at most M..

e PartNM returns the list in AlexComp order.

H Examples:

> restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

[ > PartNM (3, 3);
PartNM (3, 2) ;

[[3]. 02, 11, [1, 1, 1]]

L [[2,1],[1, 1, 1]]
> PartNM(4,1) ;
PartNM (4, 2) ;
PartNM (4, 3) ;
PartNM(4,4); # all partitions of 4
PartNM(4,5); # no restriction anyhow

[[1,1,1,1]]

((2,2],[2, 1,1, [1,1,1,1]]
[([3,1],[2,2],[2, 1, 1],[1,1,1,1]]
[([41,13,11,12,2],[2,1,1],[1,1,1,1]]
[([41,13,11,12,2],[2,1,1],[1,1,1,1]]

>
H Algorithm used:




{ The algorithm is the same as in the Maple combinat package with the difference that the order of
partitions is given in the reversed order.

L L
H See Also: SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[plethP] - plethysm in the power sum basis

Calling Sequence:

ptkt := plethP(pfkt1,ptkt2)

Paameters:

e pfkti : power sum symmetric functions
Output:

e ptkt : power sum symmetric functions

WARNING:

| --disfunctional--
= Description:

e plethP computes the plethysm of power sum symmetric functions.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > plethP(p[3],p[2]);
plethP(p[2,2] ,p[1,1]);
plethP(3*p[2],p[3])
plethP(p[2],p[3]1+p[2])
plethP(p[2]1+p[3],p[2]); # <===
Ps
P22,
3 ps
Pe TPy

Pet Py

(>

| Critical input:

> plethP(p[5]); ## error intended
plethP(p[0],p[4]);
plethP(p[4],p[0]);

Error, invalid input: SchurFkt:-plethP uses a 2nd argument, y, which is
missing

Po



L Py
> plethP(p[3,2],0); # illegal input -> error
plethP(0,p[3,2]); # illegal input -> error

Error, (in &t) too many levels of recursion
Error, (in type/pfktmonom) too many levels of recursion
>
Algorithm used:
| --void--

See Also: SchurFkt[pleth], SchurFkt[cplethP], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: plethS - computes plethysm of two Schur function polynoms
plethSnm - computes plethysm of two sfunctions of the form s[n] (one part complete
symmetric functions)

Calling Sequence:

stkt3 := plethS(sfkt1,sfkt2)
stkt3 := plethSnm(sfkt1,sfkt2)

Parameters:

o stktl,stk2 : Schur function polynoms, stkt2 must be a polynomial over the integers!
Output:

e sfkt3 : an Schur function polynom

WARNING:

Note that the second input has to be a Schur function polynomial over the integers. This procedure
of plethysm is based on the notation s \lambda[s_\mu] = P[Q] = plethS(P,Q), which is _opposite to
the notion 'pleth' in SCHUR!

H Description:

e The plethysm is the functional composition of Schur maps. We consider symmetric functions as
maps on G-modules, where G is a group acting on the modules (GL(n), or S_m). The notation for
plethysm is plethS(P,Q) = P[Q].

e Plethysms are computed via the power sum symmetric functions. This is not optimal but works
out.

e Plethysm is left distributive (linear in the first factor):

(PI+PD[Q] = P1[Q] + P2[Q]

e Plethysm is not right distributive, but enjoys a set of relations with the outer and inner product.
Let Q=Q"+ - Q”-. We consider the Schur positive part Q"+ (coefficient in the positive integers)
and let Q- be minus the Schur negative part. We have:

1) P[Q+R]=P_(1)[Q]P_(2)[R] with \Delta(P)=P_(1)\otimes P_(2) the outer coproduct
i1) P[QR]=P_[1][Q] P_[2][R] with \delta(P)=P_[1]\otimes P_[2] the inner coproduct
ii1) P[-Q] = (antipS(P))[Q] antipode acting on P

Note that case i1) will not ocure during calculations, since unevaluated outer products are not
defined in SchurFkt.

e Note that one has to distinguish between the negative one -1 in the ring and the negative of an
indeterminate X ---> *-X'. These transformations differ (for explanations see the book of Lascoux
on symmetric functions, published by the AMS).




e Evaluation of plethysms is very storage and processor intensive and our algorithm is not optimal,
so be patient and/or modest.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| First we compute a few plethysms using the restricted function plethSnm which works only (no
| typecheck!) in one part sfunctions without prefactors!
| > plethSnm(s[2],s[2])

plethSnm(s[3],s[2]);

plethSnm(s[2],s[3])

S, 155,
Se T 53221542

L S6 T 542
| The following fails:
| > plethSnm(3*s[2],s[2]); # intended error

Error, (in SchurFkt:-plethSnm) ambiguous multiple assignment

: > plethSnm(s[2],3*s[3]); # intended error

Error, (in SchurFkt:-plethSnm) ambiguous multiple assignment

E Now we give some examples for more general plethysms.
| > plethS(s[2,1],s[2,1]);
plethS(s[2],s[2]-s[1,1])

2.1 S5 4+t 285 3 1 +8500F285 5 1 1 FSs 1S a1 T34 32F3855 111354004

S4=53 1175,

| We can now generate a wealth of series out of plethysms of standard type checking series, as the
| M,L series, A,B,C,D series etc...

| > M[t].[2]="+" (op(map(x->plethSnm(x,s[2]) ,getSfktSeries(M,4))));
D[t] = getSfktSeries(D,8,1);

(M,).[2] =S TSy TSy H Sy st Sg TSy 5 0t Sy o TSy TS 2 Sy 4TS48 2 2152220

| Dt:S0+S2+S4+S2’2+S6+S2’2’2+S4’2+S8+S6’2+S4’4+S4’2’2+S2’2’2’2

| > M[t].[3]=subs (t=t*3,map (x->plethS(x,s[3]) ,getSfktSeries(M,4,t))
) ;

L[t].[3]=subs (t=t”*3,map (x->plethS(x,s[3]) ,getSfktSeries(L,4,t))
) ;

3006 9
(M) . [3]=s5,+s58 +1 (s6+s4’2)+t (s9+s7’2+s6’3+s57272+s4’4’1)+




12
17 (S661 5741758207 S102F 5938188 4+5730F 64207 562.22F55.421754.4.4)
36 9
(L) [3]=sg—s30+10 (55,+533) = (57 1+563+5531+5333)

12
L +17(83333 8667563357 41573150 1115831642055 51,17 55.3.3.1)
| > M[t].[2,1]=subs (t=t*3,map (x->plethS(x,s[2,1]) ,getSfktSeries (M, 4

It) ) ) 7
L[t].[2,1]=subs (t=t*3,map (x->plethS(x,s[2,1]) ,getSfktSeries(L,4
It) ) ) ’

3 6 9
(M) . [2, 1] =55+ sy +1 (831 11 +S4 0TS0 22F835 1)+ (S63+58551+55,,

TS50 110841843201 5431.1 +2S4,2,2,1 +54

L1 TS 1,1 753,33 753,301

s 1o ds s Ly Ly 1y 1y

12
+83 3 1F83000 830000 (283530 18430740 TS50 86411
+ 38630172854 3+F384 40085 4FS7320F56 5172842286 222%555.1.1

+355,4,2,1 +2S5,3,2,2+S5 LLLLL L1842 1,0 +2S4,4,2,1,1 54,41 1+3S4,3,2,2,1

s Ly

1,1 1,1

s 1y s Ly Ly

F Sy a1 2850002283300 0173853311285 33213533111 54.4.4

+38, 5000000011631 TS 221t Se 11T 2854 11074553211

1+355,2,2,2,1+255,2,2,1,1,1+55,2,1,1 1)

s Ly Ly

85301,

s Ly Ly

3 6 9
(L) [2,1]=s0=0 sy 1+ 0 (84 1+833FS5 5 11+8321) =8 (S 1117553175522

+85 0 11T a1 Sa 30285 00 S0 0SS5 3500 TS5 00

T53020753221,1 752,22

s Ly ds

12
)T (8333312583330 11285 4310757511 FS6.41.1
+3863.01728543+t38 400 s 1111753222111 F57.2.01T286.42F 562,22

+255,5,1,1 +355,4,2,1 +255,3,2,2+S4,2,2,2,1,1+2S4,4,2,1,1 +2S4,4,1,1,1,1 Jr354,3,2,2,1

+S4,2,2,2,2+2S3,3,2,2,1,1 TS330 01,1 753,222,201 752,2,2,2,1,1,1,1 +3Ss,3,3,1 543,32

s 1y

1

+384 35 010Ft3S 00 Sa 21t 1t 283 1 62211 TS0 1111
L +355,4 1,1+2S5,2,2,2,1+S5,2,2,1,1,1)

> M[t].[1,1,1]=subs(t=t*3,map(x->plethS(x,s[1,1,1]) ,getSfktSeries
M, 4,t)));
L[t].[1,1,1]=subs(t=t*3,map(x->plethS(x,s[1,1,1]) ,getSfktSeries
(L,4,t)));

L1 T48530.11 1553

s 1y

1,1

s s 1o ds

36
(Mt).[l,l,l]:s0+s1,1,1t +t (s2’1,1,1,1+s2’2’2)

12
DAET(S35 5 117532201, 1,1

s Ly 4y

9
+1 (53,3,3+S3,2,2,1,1+52,2,2,1,1,1+S3,1,1,1 1,1

5 Ly Ly

T500222T% 2222 Sa 0011533200083, 0,0, 0,1,1 754,331,101 754,44
+S400.1.1.1.1)

36
(Lz)-[lalal]zso_sl,l,lt +1 (51,1,1,1,1,1+52,2,1,1)

9 12
— (83501835202 2000 S TSt L) (85553




TSoaununut TS oL TS LTS3 2001,1,1 152,2,2,2,2,2

TSy a1 TS50 TS50 TS L TS L TS L L L L L L L)
Plethysms can be used to count several types of graphs, using Redfield-Polya counting theory.

Suppose, we have 4 vertices, 1 of order 3, two of order 2 and one of order 1 (order =
connectivity). We represent these vertices by complete symmetric functions (which are dual to the
| monomial symmetric functions) but write them as Schur functions h[n]=s[n]
[ > vert:=outer(s[3],s[2],s[2],s[1]):
vert :=sg+35; 1 +58¢,+385 1 1 +5853+685, 1 +85 1 +28, 4555 ,+35,,,

+284 001728535+ 85 50 1F530

To count the correct type of graphs, we need to extract the plethysm for s 4[Q] ors (1,1,1,1)[Q]
from this result, where Q is a weight 2 Schur function s[2] or s[1,1]. These computations where
| exemplified by Burge:

[ > MultilinesLoops:=plethS(s[4],s[2]);
MultilinesNoLoops:=plethS(s[4],s[1,1]);
SinglelLineslLoops:=plethS(s[1,1,1,1],s[2]);
SingleLinesNoLoops:=plethS(s[1,1,1,1],s[1,1]);

MultilinesLoops := sy + Sg 484 4+ 5492752222

aaaaaaaaaa

SmgleLGesLoops =S5 T S4 50

SingleLinesNoLoops := 83 5 5 |+ 5, 1 1 1.

[ To count these we need to pair the two results via the Schur-Hall scalar product:

> "number of ML :",subs(s[0]=1,Scalar (MultilinesLoops,vert));
"number of MNL :",subs(s[0]=1,Scalar (MultilinesNoLoops,vert)) ;

"number of ML :", 11

"number of MNL :", 3
> "number of SLL :",subs(s[0]=1,Scalar (SingleLinesLoops,vert));
"number of SLNL
",subs(s[0]=1,Scalar (SingleLinesNoLoops,vert)) ;
"number of SLL :", 6

"number of SLNL :", 1

Let x be a vertex without loop and O a vertex with a loop. The graphs we are concerned with look
like:

XxX==x X-X 0O--x O 0O x===x 0 O
I |V | | \ \

| | A | | \ \  ..etc
X--X X X 0O x x-x O x O x




]

| Plethysm has many more applications in group representation theory, for example in branching
rules etc.

We give now some test cases for critical input of plethysms, especially for zero the numerical null
= 0 and the zero
| partition Schur function s[0]. There is some asymetry for the s[0] case
| > pleths(0,0);
plethS(0,s[2]);
plethS(s[3],0);

| > plethS(s[0],s[3]);
plethS(s[0],s[3,2]);
plethS(s[3],s[0]);
plethS(s[3,2],s[0]); # --> numerical zero!

| Further critical cases are:

| > plethS(a*s[2]+b*s[1,1],s[3]);
plethS(s[2] ,a*s[1,1]+b*s[2]); # Error intended, only integer
polynomials allowed
plethS (s[2],2*s[1,1]+2*s[2]) ;
plethS(s[2],s[1,11+s[1,1]1+s[2]+s[2]);

a(s6+s4’2)+b(s5’1+s3,3)

Error, (in SchurFkt:-plethS) Second input must be a polynomial over the
integers, but received , b*s[2]

3s4+6s2’2+5s3’1+3s1’]’1’1+552’1’1

| 3S4+6S2,2+5S3’1+3S1,1,1’1+5S2,1’1
L[>
H Algorithm used:

{ Stupidly using the translation to power sums and their relatively easy plethysm formulae, then
converting back to sfunctions.

L L
See Also: SchurFkt[Overview]




(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
Last modified: June 19, 2008/BF/RA



L‘J Function: plethS - computes plethysm of two Schur function polynoms
plethSnm - computes plethysm of two sfunctions of the form s[n] (one part complete
symmetric functions)

Calling Sequence:

stkt3 := plethS(sfkt1,sfkt2)

Parameters:

e sfktl,stk2 : Schur function polynoms, sfkt2 must be a polynomial over the integers!
Output:

e sfkt3 : an sfunction polynom

WARNING:

Note that the second input has to be a sfunction polynomial over the integers. This procedure of
plethysm is based on the notation s_\lambda[s \mu] = P[Q] = plethS(P,Q), which is _opposite to
the notion 'pleth' in SCHUR!

H Description:

e The plethysm is the functional composition of Schur maps. We consider symmetric functions as
maps on G-modules, where G is a group acting on the modules (GL(n), or S_m). The notation for
plethysm is plethS(P,Q)=P[Q].

e Plethysms are computed via the power symmetric functions. This is not optimal but works out.

e Plethysm is left distributive (linear in the first factor):

(PI+PD[Q] = P1[Q] + P2[Q]

e Plethysm is not right distributive, but enjoys a set of relations with the outer and inner product.
Let Q=Q"+ - Q- be the Schur positive (coefficient in the positive integers) and Q”- be the Schur
negative part. We have:

P[Q+R] =P _(D[Q] P_(2)[R] with \Delta(P)=P_(1)\otimes P_(2) the outer coproduct
P[QR] =P [1][Q] P_[2][R] with\delta(P)=P [1]\otimes P_[2] the inner coproduct
P[-Q] = (antipS(P))[Q] antipode acting on P

¢ Note that one has to distinguish between the negative one -1 in the ring and the negative of an
indeterminate X ---> *-X'. These transformations differ (for explanations see the book of Lascoux
on symmetric functions AMS).

e Evaluation of plethysms is very storage and processor intensive and our algorithm is not optimal,
so be patient and/or modest.

H Examples:
‘ > restart:with (SchurFkt) :




SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| First we compute a few plethysms using the restricted function plethSnm which works only (no
| typecheck!) in one part sfunctions without prefactors!
| > plethSnm(s[2],s[2]);
plethSnm(s[3],s[2]);
plethSnm(s[2],s[3]);
S4+ 85,
S6 182,227 542

L S6 ¥ 54,2

| Now we give some examples for more general plethysms.
"> plethS(s[2,1]1,s[2,1]);
pleths(s[2],s[2]-s[1,11);

2.1 S5 4285 3 1 +8500F285 5 1 1 FSs 1S a1 38432F38553 111354004

L S47 83115,
| We can now generate a wealth of series out of plethysms of standard type checking series, as the
M.L series, A,B,C,D series etc...

> M[t].[2]="+ (op(map (x->plethSnm(x,s[2]),getSfktSeries(M,4))));
D[t] = getSfktSeries(D,8,1);

(]Wt)~[2]=S0+S2+S4+52,2+56+S2,2,2+S4,2+58+S6,2+S4,4+S4,2,2+52,2,2,2
Dt=S0+S2+S4+S2’2+S6+S2,2,2+S4’2+S8+S6,2+S4’4+S4,2,2+S2,2,2,2
> M[t].[3]=subs (t=t”*3,map (x->plethS(x,s[3]) ,getSfktSeries(M,4,t))
)
L[t].[3]=subs (t=t”*3,map (x->plethS(x,s[3]) ,getSfktSeries(L,4,t))
) ;
3.6 9
(M) [3]=sy+s30 +1 (Sg+5,,)+1 (Sg+8; 3485 3+855 5,48, 41)+
12
U7 (87.41% 866751001503+ 20T S+ S5 41573 2F5642756222F 554217 54.4.4)
306 9
(L).[3]=s5,—s5;30 +1 (s5,1+s3,3)—t (s7’1’1+s6,3+s5’3’1+s3,3,3)
12
L +17 (S 41575118667 5633 755331533335 1,11 FS831 86 a2t S5 51.1)
| > M[t].[2,1]=subs (t=t*3,map (x->plethS(x,s[2,1]) ,getSfktSeries (M, 4
/E)))
L[t].[2,1]=subs (t=t”*3,map (x->plethS(x,s[2,1]) ,getSfktSeries (L, 4
It)));

3 6 9
(M) .[2,1] =5+ St (S3,1,1,1+S4,2+S2,2,2+S3,2,1)+t (S6,3+S5,3,1+S5,2,2




8501041t Sa 30t Sa 301128000 Sa 0 Sa TS5 855000

12
8330130020 830000 (8740875 0107384402135 30111

s 1o Ly s> 4y Ly

+ 84001111 F5422211 728543+ 5641113563211 355.33,1F854F5732F 5.1

s 4y Ly Ly

+28642%t286002F855 017385401285 300FSs 111101 Saa4at285 4011

+ Sy 1107383201780 111172540002 F283300 1112843321 35,3.3.1.1

s 4y by Lyl

+285 330180431 S 15622010 S 1285 411t 48530. 101

+ 55 3 1,1+355,2,2,2,1+255,2,2 1+55,211111)

s s by Ly s

1,1

s Ly

1,1

> s 1y s

3 6 9
(L) [2,1]=s0=0 sy 1+ 1 (S 1+833FS5 5 1.1+8321) =8 (S 1117553175522

850 1S4 s30T 285 00 S0 0SS5 3501 TS5 00

s 1y Ly s 1y Ly

12
+S3,2,2,2+53,2,2,1,1+52,2,2,1,1,1)+t (57,3,1,1+3S4,4,2,2+3S4,3,2 1754,2,2,1,1,1,1

s Ly Ly 1y

1,1

s Ly Ly

+84 0021172854356 4111356321 735533.1F55333F5 1111157221

s 4y Ly by

+2S6,4,2+S6,2,2,2+2S5,5,1,1+3S5,4,2,1+2S5,3,2,2+2S4,4,2,1,1+2S4,4 L1, 1,1

s 1y by by

1+2S3,3,2,2,1,1 +5330

+3S4,3,2,2,1 T54,2,222153.222,1,1 1,1 754332753222 2.1

s 1y

1,1

s s 1y Ly

+80 000011738433 01728533201 7285431570111 2863111 1562211

s 4y Ly Ly s 1y Ly

L 1,1+2S5,2,2,2,1 +S5,2,2,1,1,1)

| > M[t].[1,1,1]=subs(t=t*3,map(x->plethS(x,s[1,1,1]),getSfktSeries
(M, 4,t)));

L[t].[1,1,1]=subs(t=t*3,map(x->plethS(x,s[1,1,1]) ,getSfktSeries

(L,4,t)));

+ 562,11

s Ly

1,1

s s 1y

it 385 41t 4S5 301115503

s

36
(Mt).[l,l,l]:so+sl,l,1t +t (s2’1,1,1,1+s2’2’2)

12
LTSy )t (S3,3,3

s 1y s s 4y Ay Ly by dsy

9
+1(8333+83 001175222

L1,1 752222022

s Ly Ly

TS0, 1 Sa 4450002 Sa 183222011 153,320,101
+83 00011 5433 1.1)

3,6
(Lt)'[lal’l]:SO_Sl,l,lt +1 (51,1,1,1,1,1+Sz,2,1,1)

9 12
— (S35 001 35202 20000t TSt L)t (8200000

TSooununut TS nu L 01 T833,3 3 S a0 843,200 S35 00,111

s s Ay s by dy

L +83 000015330 S s nn 1 TS0 Lt TS L L 11)
>
| Plethysms can be used to count several types of graphs, using Redfield-Polya counting theory.

Suppose, we have 4 vertices, 1 of order 3, two of order 2 and one of order 1 (order =
connectivity). We represent these vertices by their complete symmetric functions (which are dual
| to the monomial symmetric functions) but write them as Schur functions h[n]=s[n]

[ > vert:=outer(s[3],s[2],s[2],s[1]):




=

vert :=Sg+385, | +585,+3 85 | +5853+6085, 1 +S5 28 4+58,3,+35,,,
L +284 001128535 F85 5115355
| To count the correct type of graphs, we need to extract the plethysm for s 4[Q] ors_(1,1,1,1)[Q]
from this result, where Q is a weight 2 Schur function s[2],s[1,1]. These computations where
| exemplified by Burge:
| > MultilinesLoops:=plethS(s[4],s[2]);
MultilinesNoLoops:=plethS(s[4],s[1,1]);
SingleLinesLoops:=plethS(s[1,1,1,1],s[2]);
SingleLinesNoLoops:=plethS(s[1,1,1,1],s[1,1]);

MultilinesLoops := sy + S¢ y + 84 4+ 5452155525

aaaaaaaaaaaa

SingleLinesLoops :=s5 | | | +5, 3 |

| SingleLinesNoLoops := S5 5 5 | +54 1 1 11

| To count these we need to pair the two results via the Schur-Hall scalar product:

[ > "number of ML :",subs(s[0]=1,Scalar (MultilinesLoops,vert));
"number of MNL :",subs(s[0]=1,Scalar (MultilinesNoLoops,vert)) ;

"number of ML :", 11

"number of MNL :", 3
> "number of SLL :",subs(s[0]=1,Scalar (SingleLinesLoops,vert));
"number of SLNL
:",subs(s[0]=1,Scalar (SingleLinesNoLoops,vert)) ;

"number of SLL :", 6

"number of SLNL :", 1

Let x be a vertex without loop and O a vertex with a loop. The graphs we are concerned with
look like:

X===X X-X O0O--x O 0O x===x 0 O
I |V | | \ \

| | \ | | \ \ ..etc
X--—-X X X O x x-—-x O x O x

| Plethysm has many more applications in group representation theory, for example in branching
| rules etc.
>

H Algorithm used:

{ Stupidly using the translation to power sums and their relatively easy plethysm formulae, then
converting back to sfunctions.

gl



See Also: SchurFkt[Overview]
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L‘J Function: SchurFkt[s to h ] - basis change from Schur function basis to complete symmetric

function basis

Calling Sequence:

ptkt :=s to_ h(sfkt)

Parameters:
e sftkt : Schur function
Output:

e hfkt : complete symmetric function

WARNING:

| --slow, uses matrix inversion: -> should use Jacobi-Trudi or a Hopf-Laplace algorithm
H Description:

e s to_h transforms a Schur function into a complete symmetric function. This transformation is

governed by the Kostka matrix. We conclude from

(1) s \mu =\sum_\nu K \mu\nu m_\nu
(2)  <h \rtho|s \mu>=\sum \mu K \mu\nu <h \rhojm \nu>=K \mu\rho
that this transformation is obtained via K"(-1).

A better way to compute this transition is to use the Jacobi-Trudi formula
(3) s \mu=det(h {\mu i-i+j})

giving a direct combinatorial device to produce the result.

A more complicated but potentially more effective way to compute this transition would e to use
the Laplace property of the outer coproduct and product to evaluate the transition using a
multiplicative basis inserted into the expression

(4) s \mu = \sum \nu <s \mu/|m nu>h nu
= \sum \nu\rho <s \mu|p \rho>1/z \rho <p \rhojm \nu>h \nu
=\sum_\nu\mu \sum_(\mu)(\nu) \prod_ (i,j)*length(\rho) 1/z_\rho
<s \mu(1)[p_\rho 1> <p rho j|m ‘nu(j)>h \nu

which implements the Jacobi-Trudi expansion via a Hopf algebraic mechanism.

Examples:



| > restart:with (SchurFkt) :

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
L elp]

| > s_to h(s[3,3,1]);

s to h(s[2,2,1,1]);
hs y—hy 3—hyy +h5 5,
—hs y+hy ot hy  —hy sty

> 2*s _to h(s[2])+3*s_to h(s[1l,1]);

s_to h(2*s[2]+3*s[1,1]);

—hy+3hy

| ~hy+3hy
| Inverse transformation is h_to s:
(> h to_s(3*h[2,1]+5*h[4,2,1]);
| 353435, +585,+10s5 1 +10s5 ,+555 1 +55,3+55,,
| > s_to h(%);

| 3h2,1+5h4’2’1
| Critical cases:
| > s_to h(s[0]);
s_to_h(0);
hy
L 0
>
H Algorithm used:
| Quick and dirty hack, no documentation intended.
[

H See Also: SchurFkt[h to_s], SchurFkt[Overview]

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
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L‘J Function: SchurFkt[s to p] - basis change from Schur functions to power symmetric functions

Calling Sequence:

ptkt :=s to p(stkt)

Parameters:
e sftkt : Schur function
Output:

e pfkt : power sum symmetric function

WARNING:

| --none--
H Description:

e The basis change from Schur function to power sum symmetric functions. This function relates
the characters of the symmetric group (via the Murnaghan-Nakayama rule) to the
Littlewood-Richardson rule, via the Laplace expansion.

e We find the following formulae:

(1) s \mu =\sum \nu <s \mu |p \nu> 1/z \nup \nu
=\sum \nu 1/z \nu \chi®\mu(\nu) p_\nu

by the Murnaghan-Nakayama rule

(2) s \mu=\sum \nu <s \mu |p \nu>1/z \nup \nu
=\sum_\nu \prod_i*length(\nu) <s \mu(i) | p_\nui> p \nu

using the Littlewood-Richardson coefficients for the outer coproduct.

H Examples:

[ > restart:with (SchurFkt):

SchurFkt Version 1.0.2 (9 vi 2008) at your service

(c) 2003-2008 BF&RA, no warranty, no fitness for anything!

Increase verbosity by infolevel[ function ]=val -- use online help > ?Bigebralh
elp]

> s _to p(s[4,3]);
s_to_p(s[1l]);
s_to_p(pl2]):
s_to_p(p[1,1]);
1 1 1 1 1 1 1 1
_Eps,z _Eps, 1,1 +Bp4,3 _Bp4, L1 +§p3,3,1 _£p3,2,2 +Ep3,2, 1,1 _7_2p3,1, L1




1 1 1
+ sz, 21,11 %1’2, Lt %1’1, LL1L L

P
1 1

5p2+5p1’1

1 1

_Epz "'5171,1

"> p_to_s(pl3,3,31);
s_to p(%)

Sg =g 1+87,11+t386 373862 1F286 11173854+ 3852,7285 1 11135441

_354,3,2+2S4,1,1,1,1,1 +6S3,3,3_3S3,3,2,1 +3S3,3,1,1,1 +3S3,2,2,2_3S3,2,1,1,1,1
TS L0 _352,2,2,2,1 +3S2,2,2,1,1,1 S oL Lua TS L L L
P333

E Critical cases:
| > s_to_p(0);
s_to p(s[0]);

L Py
CL>
H Algorithm used:

| The algorithm is an implementation of the formula (1) using the Murnaghan-Nakayama rule .

L L
H See Also: SchurFki[p to_s], SchurFki[Overview] (see Overview for more basis changes a_to_b
from A-basis to B-basis )

(c) Copyright 2003-2008, by Bertfried Fauser & Rafal Ablamowicz, all rights reserved.
| Last modified: June 19, 2008/BF/RA




L‘J Function: SchurFkt[s to x] - translation of a Schur function into a polynom in variables x_i

Calling Sequence:

xpoly :=s_to x(sfkt,N)

Parameters:

e stktmon : Schur function
N : nonnegative integer

Output:

e xpoly : polynom in variables xi, 1 in [1..N]
WARNING:

--none--

H Description:

e Schur functions for a finite number of variables are polynomials. We can represent a Schur
function as such a polynom using the function s_to_x, specifying the number of variables. The
outer product translates into the polynomial ring product of the polynoms.

¢ Note that if the number N of variables xi is less than the number of boxes of the partition (its
weight) then some Schur