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2. MaximaOOOQOOOOoOOoooooo

/KoK sk ok ok sk sk ok ok sk sk ok ok K ok ok sk ok ok sk K ok ok sk ok ok K ok ok sk ok ok K ok ok K ok ok ok ok ok

* tensor.mac *
* *
* general tensor operations on Maxima *
* *
* (c) Kenrou Adachi, 2007/1/12- *
* Version 2.0 2007/3/7 *
* *

sokokokok sk sfokookok sk koo ok sk sk skokokok sk sk skokokokk sk sk skokokok sk sk okl ok k ko /
load(eigen)$ /* inprod DO O ODOO =/
/* tensortype, tensorrank, zerotensor, tensorp sametensortypep */

/* O00000 car OO length DOODOOODOOODO ODDODODODOOO =/
/ DO000000obooooooon =/

pseudotype(f) := block([ttyp, ttmp],
ttmp : copylist(f), /x £ 0000 %/
ttyp : cons(length(ttmp), [1), /+ ODOO0OO0OOOOOOOOOODOOO =/

rectyp(typ, tmp) := block([ftmp], / OO0O0Ogo =/
ftmp : first(tmp), /* tmp O car */
if listp(ftmp) then /* 00000000000000O00OO0g =/
rectyp(cons(length(ftmp), typ), ftmp) /* ftmp OODODO typ O cons */
else /¥ ftmp OO OO0 =*/
typ /* 000000 typ OODOO
*/
),
reverse(rectyp(ttyp, ttmp)) / 0000000000000 0O0ono =/
)$

/ 000000000000 000000000 =/
/ 00000000000 nil OD0OO */

tensortype(f) := block([typ, za, tal, /* depending on zerotensor below */
typ : pseudotype(f), /x £ 00000000 =/
za : zerotensor (typ), /x typ OO0 O0OO0OOO0OO DODODOO =/
ta : 0 % f, / £ 0000000 odOOOO =/
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if za = ta then /* £ 00000000000 za =ta O */
typ /* 00000=*/

else
nil

)$

/ OO000000000ooano =/

zerotensor (ttype) := block([n, rtyp, rlst, xero],

n : length(ttype),
rtyp : reverse(ttype),
rlst : first(rtyp),

zerolist(m) := block(
if m = 0 then
[]
else
cons (0, zerolist(m - 1))

),

rec(m, rz) := block(
if m = 0 then
[
else
cons(rz, rec(m - 1, rz))

),

for i : 1 thru n do

if i = 1 then

(
xero : zerolist(rlst),
rtyp : rest(rtyp)

)

else

(

rlst : first(rtyp),
xero : rec(rlst, xero),
rtyp : rest(rtyp)

),

/*
/*
/*
/%
/%
/%

/* 0000000 */
/« 0000000000 %/
/« 0000000000 %/

/* [0,0,...,0] (OO m) ODDOOOx*/

/% [rz,rz,...,rz] (OO m) OOO0O %/

ttype = [rl,r2,...,rn], rlst=rn %/
O0O0booO0oOon0 rist O [0,0,...,0] */
0000000 xero OOODO */
O00o000 r(n-1)0O [xero,...,xero] */
0000000000 xero OOOOx/
Ooooo0oobooooooboo x/
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Xero

)$

/ DO0O000O00oooooooono =/

tensorp(a) := block([za, tal,
za : zerotensor (pseudotype(a)),
ta : 0 *x a,

if za = ta then /* OO0O0O tensortype OO %/
TRUE
else
FALSE
)$

/ 00 0000000000000 0o00ooouoooooog =/
sametensortypep(a, b) := block([za : 0 * a, zb : 0 * b],
if za = zb then /* O0O0O0O tensortype OO */
TRUE
else
FALSE
)$
/00000000000 *x/

tensorrank(a) := length(tensortype(a))$

/* tensorproduct */

/¥ a 000000 b OUO0OOO0OO0ODOO@WDLOOOD vOOOODOoOooO) =/

/¥ a, b DO0O0O0OOOOOOO0OOODOO0O =/
/¥ a, b 000000000 DOOOOOOOOOOMODbDOOg) =/

pseudoproduct(a, b) := block(

if not listp(first(a)) then /x a DO0O000O0O0O0DOO0O0

maplist(lambda([x], x * b), a) / 0000000000

else / D000000oooooo
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maplist(lambda([x], pseudoproduct(x, b)), a) /¥ 0000000

)$

/¥ a, b J00O0O0O0ODODOODOOUOpseudoproduct O OO */
/ OO00O000oooobooboooon */

tensorproduct(a, b) := block(
if tensorp(a) and tensorp(b) then
pseudoproduct (a, b)
else
nil

)$

infix("0x0@")$

a 0x@ b := tensorproduct(a, b)$

/* exchangetensortype */

/ O00O00oooobooboooobooboobooboboooog */
/ DO0000000boobooboobonoboboboboooboog =/
/ D0000b0oo0i1000b0ooooooboon x/

exchinext(a) := block([b, ¢, ni, nip],
ni : length(a),
nip : length(alll),
b [,

for j : 1 thru nip do

(
c : [,
for k : 1 thru ni do
¢ : endcons(alk] [j], <),
b : endcons(c, b)

o

)8

*/
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/¥ 0 i 000000000 exchinext DODOOOO=*/

exchnext(a, i) := block([n],
n : tensorrank(a),

if (i >n - 1) or (i < 1) then

(
print("Index is out of range"),
FALSE

)

else if i = 1 then
exchinext (a)

else

maplist(lambda([x], exchnext(x, i - 1)), a)
)$
/ 000000000000 =/
exchangetensortype(a, i, j) := block([b, sw],
if not tensorp(a) then
(
print("Object is not a tensor"),
FALSE
)
else if i = j then
(
print("Invalid indices"),
FALSE
)
else if i > j then
exchengetensortype(a, j, i)
else if j =1 + 1 then /x £7{...1 j...}
exchnext(a, i) /¥ ——> £°{...j 1i...}
else
(
b : copylist(a),
for k¥ : i thru j - 1 do /x £7{.. i .05}
b : exchnext(b, k), /x  ——=> £ {... ...]
for k : j - 2 thru i step -1 do
b : exchnext(b, k), /x —==> f7{. ... 1.

i...

*/
*/

*/
*/
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)$

/* ailias */

exchttype(a, i, j) := exchangetensortype(a, i, j)$

/* tensorcontract, contractlast2, tensorvectorcontract */
/ 000000000000000000 =/

squarematrixlikep(a) := block(
if listp(al1][1]) then
FALSE
else if not length(a) = length(a[l]) then
FALSE
else
TRUE
)$

/ D0000000000ooooog =/

matrixtrace(a) := block([n, tral,

if not squarematrixlikep(a) then

(
print("Indices are not square-matrix-like"),
FALSE

)

else

(
n : length(a),
tra : sum(al[i] [i], i, 1, n),
tra

)

)8

/ a00O0O020000000000000000O000O0O0 =/
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/ DO0000000000boobooboobon */
/ 000000000000 0ooobooboooboobobooono =/

contractlast2(a) := block(
if squarematrixlikep(a) then
matrixtrace(a)

else
maplist(lambda([x], contractlast2(x)), a)
)$
/x 0 i, j 000000 O (-0, n OJ0O00O0OOO0OOO =/
/* contractlast2 UOOO ri !'=rj OO0 nil OOOO =*/
/x 0O0Qo0odno i, jOOoOooOOooooooooooodg x/
tensorcontract(a, i, j) := block([n, b],
n : tensorrank(a),
if n 0 then
(
print("Object is not a tensor"),
FALSE
)
else if (i = j) or (i < 1) or (4 > n) or (j < 1) or (j > n) then
(
print ("Invalid indices"),
FALSE
)

else if i > j then
tensorcontract(a, j, i)
else if i = n - 1 then
contractlast2(a)

else

(

b :

copylist(a),

if not j = n then

for p : j thrun - 1 do
b : exchnext(b, p),

if not i = n - 1 then

b :

for p : 1 thrun - 2 do
b : exchnext(b, p),
contractlast2(b),
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)$

/* alias */

cntrct(a, i, j) := temsorcontract(a, i, j)$

/* tensortensorcontract, tensorvectorcontract */

simplistp(f) := block(
if not listp(first(f)) then
TRUE
else
FALSE
)$

/* vector = tensorrank 1 tensor */
/* Warning: the followings don’t check Consistency of Indices */

tensorvectorcontract(a, b) := block(
if (not tensorrank(b) = 1) or (not tensorp(a)) then
(
print("Objects have invalid types"),
FALSE
)
else if simplistp(a) then
inprod(a, b)
else if simplistp(first(a)) then
maplist(lambda([x], inprod(x, b)), a)
else
maplist(lambda([x], tensorvectorcontract(x, b)), a)

)$

/* alias */

tvcontract(a, b) := tensorvectorcontract(a, b)$
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infix("Q@tvc")$

a @tvc b := tensorvectorcontract(a, b)$

tensortensorcontract(a, b, i, j) := block([n],
n : tensorrank(a),

if (not n = 0) or (not tensorp(b)) then
(
print ("Objects may not be tensor"),
FALSE
)
else
tensorcontract(a @x@ b, i, n + j)

)$

/* alias */

ttcontract(a, b, i, j) := tensortensorcontract(a, b, i, j)$

/* end of tensor.mac */

E-mail address: kenrou@yo.rim.or. jp
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