
OUTLINE OF TALK:

1. Representations of GLn and (GLn, GLm) Duality

2. Tensor Algebras of GLn and Example (n = 2)

3. FFT and SFT for GLn

4. Using Binary Invariants

(a) SL4 Tensor Algebra

(b) SL5 Tensor Algebra

5. An Inductive Process

(a) SL3 Tensor Algebra (revisited)

(b) On £GL3 Covariants in P(Cn,3)

6. Comments

7. A (Final) Cute Example: Quantum Qubits
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1 Irreducible Representations of GLn

Un : maximal unipotent subgroup of GLn

An : maximal torus of GLn which normalises Un

ρ
(a1,... ,an)
n : irreducible GLn representation with highest
weight (a1, . . . , an).

Use Young diagram notation for polynomial representa-
tions

r(D) : rank or depth of the Young diagram D, i.e., this
is the number of non-zero entries in D = (a1, . . . , an)

#(D) = a1 + a2 + . . . + an : size of the Young diagram
D = (a1, . . . , an)
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2 GLn £GLm Duality

Cn,m = Cn − Cm : space of complex n£m matrices

P(Cn,m) : Polynomial ring over Cn,m

Action of GLm £GLn on P(Cm −Cn):
(g, h) ¢ F (x) = F (gtxh)

GLn £GLm Duality:
P(Cn,m) = P(Cn − Cm) =

X
r(D)·min(n,m)

ρDn − ρDm.

Easy to see:

(a) det[Xkk] is a GLm £ GLn highest weight of weight
[1k]− [1k], for k = 1, . . . ,min(n,m).

(b) GLm£GLn module of highest weightD = (d1, d2, . . . , dk)
has joint highest weight given (up to a scalar) by:

det[X11]
d1¡d2 det[X22]d2¡d3 . . . det[Xk¡1,k¡1]dk−1¡dk det[Xkk]dk
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3 Partial Models

G: reductive linear algebraic group

U = UG : maximal unipotent subgroup of G

A : maximal torus normalising U

Vφ : irreducible representation of G of highest weight

φ 2 cAn+.
MS a partial model of G : If

MS =
X

φ2S½ bA+
Vφ,

is an algebra and a G module comprising a collection S
of irreducible modules of G, appearing at most once.

Restrict ourselves to GLn.

For two partial models of GLn indexed by sets S and T ,
we define the type (S,T) tensor algebra of GLn as
the algebra of covariants as follows:

(MS −MT )
Un

If MS and MT are full models, we would simply call this
the tensor algebra of GLn.

The type (S, T ) tensor algebra ofGLn has a graded struc-

ture determined by (cAn+)3.
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Understanding the decomposition of this subalgebra with
respect to the triple grading is tantamont to understand-
ing the tensor product decomposition of an arbitary ten-
sor product of two irreducible modules Vφ − Vψ with
Vφ 2MS and Vψ 2MT .

A Little History:

Van der Warden (1930’s): Up to n = 4

Berenstein-Zelevinsky: SLn using algebraic combinatorics
in 1992

Grosshans used invariant-theoretic methods (of Grosshans-
Rota-Stein) to compute the case for GL4 in 1995

Howe: GL4 in 1995

Howe-Tan: GL5 in 2000

5



Example 1: Highest Weight Theory

R(G/U) : ring of regular functions on G which are in-
variant under left translations by U

Theory of Highest Weight:

R(G/U) =
X
φ2 bA+

Vφ,

i.e., R(G/U) gives a (full) model of G, i.e., every irre-
ducible finite representation of G appears exactly once.

Example 2: From GLn £GLm Duality
Recall that

P(Cn,m) =
X

r(D)·min(n,m)
ρDn − ρDm.

rank m partial model of GLn :

P(Cn,m)Um =
X

r(D)·min(n,m)
ρDn

is a partial model of GLn if m < n, and a model of GLn
otherwise.

rank m¤ model of GLn :
P(Cn¤ −Cm)Um =

X
r(D)·min(n,m)

ρD¤n
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Remark: The tensor algebra of GLn is the tensor alge-
bra of SLn with TWO extra generators representating
the ”determinant representation” of either factors.

Example: Clebsch-Gordon Formula

Consider a rank (1,1) tensor algebra of GLn:¡P(Cn,1)U1 − P(Cn,1)U1¢Un
Generators (easy):

α10 = x1, α01 = y1, α11 =

¯̄̄̄
x1 y1
x2 y2

¯̄̄̄
.

There are no relations if n ¸ 2.
(i) α10 has grading (10; 00; 10),

(ii) α01 has grading (00; 10; 10),

(iii) α11 has grading (10; 10; 11),

Tensor Product of GLn modules [s] − [t]: Look for
triplets of positive integers (a, b, c) such that

αa10α
b
01α

c
11

is a GLn highest weight vector.

The corresponding (cAn+)3 grading is (a+c, 0; b+c, 0; a+
b+ c, c), and so we need to solve for

s = a+ c and t = b+ c.
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Thus

a = s¡c and b = t¡c where 0 · c · min(s, t),
i.e., αs¡c10 α

t¡c
01 α

c
11 is a GLn type of highest weight (s+ t¡

c, c) appearing in [s]− [t].
This is the well-known Clebsch-Gordon Formula:

< αs10 > − < αt01 >=

min(s,t)X
c=0

< αs¡c10 α
t¡c
01 α

c
11 >

as GLn modules.
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4 Example: SL3 Tensor Product Algebra

Consider a rank (2,2) tensor algebra of GLn:¡P(Cn,2)U2 − P(Cn,2)U2¢Un
Coordinates:

x11 x12 y11 y12
...

...
...

...
xn1 xn2 yn1 yn2

Howe: Generators are:

α10 = x11, α20 =

¯̄̄̄
x11 x12
x21 x22

¯̄̄̄
,

α01 = y11, α02 =

¯̄̄̄
y11 y12
y21 y22

¯̄̄̄
,

α11 =

¯̄̄̄
x11 y11
x21 y21

¯̄̄̄
, α12 =

¯̄̄̄
¯̄ x11 y11 y12
x21 y21 y22
x31 y31 y32

¯̄̄̄
¯̄ ,

α21 =

¯̄̄̄
¯̄ x11 x12 y11
x21 x22 y21
x31 x32 y31

¯̄̄̄
¯̄ , ∆ =

¯̄̄̄
¯̄̄̄ x11 x12 0 0
0 0 y11 y12
x21 x22 y21 y22
x31 x32 y31 y32

¯̄̄̄
¯̄̄̄ .

with one relation:

∆α11 = α01α20α12 + α10α02α21.
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Will need these gradings later:

Triple gradings of each of the generators:

(i) α10 has grading (100; 000; 100),

(ii) α20 has grading (110; 000; 110),

(iii) α01 has grading (000; 100; 100),

(iv) α02 has grading (000; 110; 110),

(v) α11 has grading (100; 100; 110),

(vi) α12 has grading (100; 110; 111),

(vii) α21 has grading (110; 100; 111),

(viii) ∆ has grading (110; 110; 211),
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5 First Fundamental Theorem for GLn

Let

Vs,t = (Cn − Cs)© (Cn¤ −Ct) = Cn,s © Cn,t.

Select a system of coordinates on Vs,t as follows:

x11 . . . x1s y11 . . . y1t
...

...
...

...
...

...
xn1 . . . xns yn1 . . . ynt

(GLn, GLs £GLt) acts on P(Vs,t) as follows:
(g, a, b)f(x, y) = f(gtxa, g¡1yb)

Theorem 5.1 FFT for GLn: The GLn invariants in
P(Vs,t) are generated by the inner products

rij = x1iy1j + . . .+ xniynj.

Observe that

Xt
nsYnt =

 x11 . . . x1s
...

...
...

xn1 . . . xns

t  y11 . . . y1t
...

...
...

yn1 . . . ynt


=

 r11 . . . r1t
...

...
...

rs1 . . . rst

 = Rst.
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6 Kostant-Rallis Decomposition for GLn

Define the second order differential operators dual to rij:

∆ij =
∂2

∂x1i∂y1j
+ . . .+

∂2

∂xni∂ynj
.

Define the space of harmonic polynomials:

H(Vs,t) = ff 2 P(Vs,t) j ∆ijf = 0 8 ∆ijg

Let

δ1 = x11, δ2 = det[X22], . . . , δk = det[Xkk],

η1 = yn1, η2 = det[Y 22] =

¯̄̄̄
yn1 yn¡1,1
yn2 yn¡1,2

¯̄̄̄
, . . . ,

ηl = det[Y ll] =

¯̄̄̄
¯̄̄̄
¯
yn1 yn¡1,1 . . . yn¡l+1,1
yn2 yn¡1,2 . . . yn¡l+1,2
...

...
...

...
ynl yn¡1,l . . . yn¡l+1,l

¯̄̄̄
¯̄̄̄
¯ .

Note: δk and ηl are of GLn£GLs£GLt highest weights:
(1, ..., 1| {z }
k copies

, 0, ..., 0)− (1, ..., 1| {z }
k copies

, 0, ..., 0)− (0, ..., 0),

and

(0, ..., 0,

l copiesz }| {¡1, ...,¡1)− (0, ..., 0)− (
l copiesz }| {
1, ..., 1, 0, ..., 0)
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Theorem 6.1 The space H(Vs,t) is multiplicity free as a
GLn£GLs£GLt module, and generated by joint highest
weights δk and ηl:

H(Vs,t) =
X

ρ(A;B)n − ρAs − ρBt

where the sum above runs over Young’s diagrams A and
B with r(A) · s, r(B) · t and r(A) + r(B) · n.
If A = (a1, . . . , as), B = (b1, . . . , bt) and r(A) + r(B) ·
n, then the highest weight of ρ

(A;B)
n − ρAs − ρBt is (up to a

constant)

δAηB = δa1¡a21 δa2¡a32 . . . δas−1¡ass¡1 δass η
b1¡b2
1 ηb2¡b32 . . . ηbt−1¡btt¡1 ηbtt .

If A = (a1, . . . , as) and B = (b1, . . . , bt), then

(A;B) = (a1, . . . , as, 0, . . . , 0,¡bt, . . . ,¡b1).

Theorem 6.2 1. In general, P(Vs,t) = H(Vs,t)¢P(Vs,t)GLn.

2. (Kostant-Rallis Decomposition) If n ¸ s + t,
then this is a tensor product:

P(Vs,t) = H(Vs,t)− P(Vs,t)GLn.
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7 Using Dual Variables

Partial model of GLn when we extract the Us £ Ut in-
variants:

H(Vs,t)Us£Ut '
X

ρ(A;B)n

Consider:
H(Vs,t)Us£Ut −H(Vs̃,t̃)Us̃£Ut̃

for appropriate (small) values of s, t, s̃, t̃

Extracting GLn covariants:

¡H(Vs,t)Us£Ut −H(Vs̃,t̃)Us̃£Ut̃¢Un .
Note: H(Vs,t) is not an algebra but it is possible to treat
it as the quotient algebra H(Vs,t) = P(Vs,t)/I(Vs,t).
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Thus¡H(Vs,t)Us£Ut −H(Vs̃,t̃)Us̃£Ut̃¢Un
=

ÃµP(Vs,t)
I(Vs,t)

¶Us£Ut
−
µP(Vs̃,t̃)
I(Vs̃,t̃)

¶Us̃£Ut̃!Un
=

µ P(Vs+s̃,t+t̃)
I(Vs,t) ¢ I(Vs̃,t̃)

¶Us£Ut£Us̃£Ut̃£Un
=

µ
H(Vs+s̃,t+t̃)−

I(Vs+s̃,t+t̃)
I(Vs,t) ¢ I(Vs̃,t̃)

¶Us£Ut£Us̃£Ut̃£Un
=
³
H(Vs+s̃,t+t̃)− P(Cs,t̃ ©Cs̃,t)

´Us£Ut£Us̃£Ut̃£Un
=

 X
r(E)·s+s̃, r(F )·t+t̃

ρEs+s̃ − ρFt+t̃

− P(Cs,t̃ © Cs̃,t)
Us£Ut£Us̃£Ut̃

As a consequence, it is essential to understand the re-
striction problems: X

r(E)·s+s̃
ρEs+s̃

Us£Us̃

and  X
r(F )·t+t̃

ρFt+t̃

Ut£Ut̃ .
Some examples ...
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8 Example: Restriction from GLn+2 to GLn £
GL2

Select coordinates for Cn − Cn+2 as follows:
x11 . . . x1n y11 y12
...

...
...

...
...

xn1 . . . xnn y1n y2n

Generators of P(Cn − Cn+2)Un£(Un£U2):
γ
(k,0)
k = det[Xkk], k = 1, ..., n,

γ
(k¡1,1)
k = det[Xk,k¡1Yk1], k = 1, ..., n,

γ
(k¡2,2)
k = det[Xk,k¡2Yk2], k = 1, ..., n,

δ(k,l) = det

∙
Xkk 0 Yk2
0 Xl,l¡1 Yl2

¸
, k, l = 1, ..., n.
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9 Example: SL4 Tensor Product Algebra

Select a coordinate system V4,2 = V2,1 © V2,1 as follows:
x11 x12 y11 x13 x14 y12
...

...
...

...
...

...
xn1 xn2 yn1 xn3 xn4 yn2

GLL2 , GL
R
2 : two GL2 acting on the two sets of (left and

right) x-columns

UL and UR: unipotent subgroups of GL2 acting on each
of the copies of H(V2,1)
Consider: For n ¸ 6,
H(V2,1)UL −H(V2,1)UR
= (P(V2,1)/I(r11, r21))UL − (P(V2,1)/I(r32, r42))UR
= (P(V4,2)/I(r11, r21, r32, r42))UL£UR
= (H(V4,2)− < r12, r22, r31, r41 >)UL£UR .

Consider GLn covariants of H(V4,2):

H(V4,2)Un =
X³

ρ(D,E)n

´Un − ρD4 − ρE2 '
X

ρD4 − ρE2

where the sum runs through all Young diagrams D, E
with r(D) · 4 and r(E) · 2. This is basically the tensor
of a (partial) model for GL4 with a model of GL2.

Need the GLL2 £GLR2 decomposition of
P

r(D)·4 ρ
D
4 :

This is a quotient of

P((σL −C2)© (σR − C2)© (σL − σR)© Z̃).
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Here:

σL ' C2: standard representation of GLL2 .
σR ' C2: standard representation of GLR2 .
Our objective is then to compute

¡H(V2,1)UL −H(V2,1)UR¢Un
' ¡H(V4,2)Un− < r12, r22, r31, r41 >¢UL£UR
' ¡H(V4,2)Un − P(σL © σR)

¢UL£UR
,

which is a subquotient of the following algebra:

P((σL −C3)© (σR − C3)© (σL − σR)© Z)UL£UR

Result:

1. n ¸ 6: 21 generators and 12 relations
2. n = 4, 5: 18 generators and 12 relations

SL5 Tensor Product Algebra:

Need to compute the following binary covariants:

P((σ1 − C2)© (σ2 −C2)© (σ3 − C2)© (σ4 −C2)© (σ1 − σ3)

© (σ1 − σ4)© (σ2 − σ3)© (σ2 − σ4)© Z)N1£N2£N3£N4.

Here Ni are unipotent subgroups of SL2.
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10 An Inductive Process

Scheme: Exploit two ways to look at

P(Vs,t)Un£Us£Ut

For n ¸ s+ t,

P(Vs,t)Un£Us£Ut

=
¡H(Vs,t)− P(Vs,t)GLn¢Un£Us£Ut

=
³³X

H(A;B)(Vs,t)
Un
´
− P(Cs,t)

´Us£Ut

=

 X
r(A)·s, r(B)·t

ρAs − ρBt

−
 X
r(C)·s,t

ρCs − ρCt

Us£Ut

=
³³X

ρAs

´
−
³X

ρCs

´´Us − ³³X ρBt

´
−
³X

ρCt

´´Ut
This is the tensor product of a rank (s,min(s, t)) tensor
algebra of GLs with another rank (t,min(s, t)) tensor
algebra of GLt, with an identification.
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On the other hand,

P(Vs,t)Un£Us£Ut

=
¡P(Cn − Cs)− P(Cn¤ −Ct)¢Un£Us£Ut

=


X
r(E)·s

ρEn − ρEs

Us −
X
r(F )·t

ρF¤n − ρFt

Ut

Un

=

X
r(E)·s

ρEn

−
X
r(F )·t

ρF¤n

Un .
Thus this is a rank (s, t¤) tensor algebra of GLn.
By appropriate choice of of s, t and n, we have an induc-
tive process of computing the tensor algebra of GLn.
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11 Example: Re-deriving The SL3 Tensor Prod-
uct Algebra

Now set we set s = t = 2 and n ¸ 4 in the above, we
have: X

r(E)·2
ρEn

−
X
r(F )·2

ρF¤n

Un

=
³³X

ρA2

´
−
³X

ρC2

´´U2 − ³³X ρB2

´
−
³X

ρC2

´´U2
.

RHS is the tensor product of two GL2 tensor
product algebras, identified so the seconding grad-
ing is the same.

Recall GL2 tensor product algebra:

α10 = x11, α20 =

¯̄̄̄
x11 x12
x21 x22

¯̄̄̄
,

α01 = y11, α02 =

¯̄̄̄
y11 y12
y21 y22

¯̄̄̄
,

α11 =

¯̄̄̄
x11 y11
x21 y21

¯̄̄̄
.
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Observe that they have the following grading:

(i) α10 has grading

∙
1 0 1
0 0 0

¸
,

(ii) α20 has grading

∙
1 0 1
1 0 1

¸
,

(iii) α01 has grading

∙
0 1 1
0 0 0

¸
,

(iv) α02 has grading

∙
0 1 1
0 1 1

¸
,

(v) α11 has grading

∙
1 1 1
0 0 1

¸
,

Let the generators of the second GL2 tensor algebra be

α̃10, α̃20, α̃01, α̃02, α̃11.

Thus, the rank (2,2*) GL3 tensor algebra is generated by
the following 9 generators:

(i) α10 − 11, α20 − 11, 11− α̃10, 11− α̃20,

(ii) α01 − α̃01, α01 − α̃11, α11 − α̃01, α11 − α̃11,

(iii) α02 − α̃02,

with one relation:

[α01 − α̃11][α11 − α̃01] = [α01 − α̃01][α11 − α̃11].
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12 Example: On£GL3 Highest Weights in P(Cn,3)

Similar scheme of looking at

P(Cn,3)UOn£UGL3 = ¡H(Cn,3)UOn − P(Cn,3)On¢U3
......

Recall the SL3 triple gradings of the 8 generators in the
tensor algebra of SL3:

(1) α10 has grading (100; 000; 100),

(2) α20 has grading (110; 000; 110),

(3) α01 has grading (000; 100; 100),

(4) α02 has grading (000; 110; 110),

(5) α11 has grading (100; 100; 110),

(6) α12 has grading (100; 110; 111),

(7) α21 has grading (110; 100; 111),

(8) ∆ has grading (110; 110; 211).

Boils down to: Looking at tensor products where the
second copy comes from even diagrams ... we can write
down the 14 generators of P(Cn,3)UOn£UGL3 as follows:
(a) α10 and α20,

(b) Choose any product of two elements from fα01,α11,α21g,
i.e., these are [α201], [α

2
11], [α

2
21], [α01α11], [α01α21],

[α11α21],

(b) Choose any product of two elements from fα02,α12,∆g,
i.e., these are [α202], [α

2
12], [∆

2], [α02α12], [α02∆], [α12∆].
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General Procedure to write down relations: Total
of 21 relations:

(a) Three relations come from multiplying two different
elements in f[α201], [α211], [α221]g:

(a)(1) [α201][α
2
11] = [α01α11]

2,

(a)(2) [α201][α
2
21] = [α01α21]

2,

(a)(3) [α211][α
2
21] = [α11α21]

2,

(b) Three relations come from multiplying two different
elements in f[α01α11], [α01α21], [α11α21]g:

(b)(1) [α01α11][α01α21] = [α
2
01][α11α21],

(b)(2) [α01α11][α11α21] = [α
2
11][α01α21],

(b)(3) [α01α21][α11α21] = [α
2
21][α01α11],

(c) Three relations come from multiplying two different
elements in f[α202], [α212], [∆2]g:

(c)(1) [α202][α
2
12] = [α02α12]

2,

(c)(2) [α202][∆
2] = [α02∆]

2,

(c)(3) [α212][∆
2] = [α12∆]

2,

(d) Three relations come from multiplying two different
elements in f[α02α12], [α02∆], [α12∆]g:

(d)(1) [α02α12][α02∆] = [α
2
02][α12∆],

(d)(2) [α02α12][α12∆] = [α
2
12][α02∆],

(d)(3) [α02∆][α12∆] = [∆
2][α02α12],
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(e) Nine relations come from multiplying by an element
in fα01,α11,α21g and another element from fα02,α12,∆g
to the relation

∆α11 = α01α20α12 + α10α02α21.

For instance,

(e)(1) Multliplying by α01α02 to give

[α01α11][α02∆] = [α
2
01]α20[α02α12]+α10[α

2
02][α01α21],

(e)(2) Multliplying by α01α12 to give

[α01α11][α12∆] = [α
2
01]α20[α

2
12]+α10[α02α12][α01α21],
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Compare and contrast with the results from [ATZ]:

Theorem 12.1 Assume n ¸ 6. The algebra of On £
GL3 highest weight vectors in P(Cn,3) is generated by
the following 15 On £GL3 highest weight vectors:

αi = det[Zii], i = 1, 2, 3,

γi = det[Rii], i = 1, 2, 3,

β1 =

¯̄̄̄
z11 z12
r11 r12

¯̄̄̄
, β2 =

¯̄̄̄
¯̄ z11 z12 z13
z21 z22 z23
r11 r12 r13

¯̄̄̄
¯̄ ,

β3 =

¯̄̄̄
¯̄ z11 z12 z13
r11 r12 r13
r21 r22 r23

¯̄̄̄
¯̄ , β4 =

¯̄̄̄
¯̄ 0 z11 z12
z11 r11 r12
z12 r21 r22

¯̄̄̄
¯̄ ,

β5 =

¯̄̄̄
¯̄̄̄ 0 z11 z12 z13
z11 r11 r12 r13
z12 r21 r22 r23
z13 r31 r32 r33

¯̄̄̄
¯̄̄̄ ,

β6 =

¯̄̄̄
¯̄̄̄ 0 z11 z12 z13
0 z21 z22 z23
z11 r11 r12 r13
z21 r21 r22 r23

¯̄̄̄
¯̄̄̄ , β7 =

¯̄̄̄
¯̄̄̄ z11 0 z12 z13
z21 0 z22 z23
0 r11 r12 r13
0 r21 r22 r23

¯̄̄̄
¯̄̄̄ ,

β8 =

¯̄̄̄
¯̄̄̄
¯̄
0 0 z11 z12 z13
0 0 z21 z22 z23
z11 z21 r11 r12 r13
z12 z22 r21 r22 r23
z13 z23 r31 r32 r33

¯̄̄̄
¯̄̄̄
¯̄ , β9 =

¯̄̄̄
¯̄̄̄
¯̄
z11 z12 0 0 0
0 0 z11 z12 z13
z11 z21 r11 r12 r13
z12 z22 r21 r22 r23
z13 z23 r31 r32 r33

¯̄̄̄
¯̄̄̄
¯̄ .
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1. General Setting of Flag Manifolds and Examples

(a) Covariants of One Subspace

(b) Spherical Double Cones

(c) Multiplicity Free Actions on Flag Manifolds

(d) Covariants of Two Subspaces

(e) GLn Covariants of Grnk £MFf1,mg
(f) Invariants of Four Subspaces

2. Some Applications

(a) Branching Rules

(b) Analysis of Degenerate Principal Series

(c) A Cute Example: Quantum Qubits
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13 Quantum Q-bits

Interested in studying the action of (SU2)
k acting on the

k-fold tensor (C2)−k.

Question: What are the real orbits? In other words,
what are the real polynomial invariants?

Complexify:
∆(SLk2) ,! SLk2 £ SLk2

acting on
(C2)−k © (C2)−k

Understand the SLk2 covariants:

P((C2)−k)Uk2

and then resolve the invariants:

P((C2)−k © (C2)−k)SLk2
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(a) k = 1: P(C2)U2 ' C[x].

(b) k = 2: Use spherical harmonics because Spin4 '
SL2 £ SL2 and

P(C2 − C2)U2£U2 ' P(C4)USO4

(c) k = 3 (Meyer-Wallach): Use the dual pair (SO4, Sp4)
and

P(C2 −C2 −C2)U2£U2£U2 ' P(C4 − C2)USO4£U2

(d) k = 4 (Howe): 314 generators!

P((C2−C2)−(C2−C2))(U2£U2)£(U2£U2) ' P(C4−C4)USO4£USO4

General Problem: Describe P(Cn−Cm)USOn£USOm .

Resolve the USOn £ UGLm invariants

P(Cn,m)UOn£UGLm = ¡H(Cn,m)UOn − P(Cn,m)On¢UGLm
and then compute the restriction algebra .....
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