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EQUIVALENCES FOR BLOCKS OF THE WEYL GROUPS
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ABSTRACT. We describe the source algebras of the blocks of the Weyl groups
of type B and type D in terms of the source algebras of the blocks of the
symmetric groups. As a consequence, we show that Puig’s conjecture on the
finiteness of the number of isomorphism classes of source algebras for blocks
of finite groups with a fixed defect group holds for these classes of groups. We
also show how certain isomorphisms between subalgebras of block algebras of
the symmetric groups can be lifted to block algebras of the Weyl groups of
type B.

1. INTRODUCTION

Let p be a prime number and let (O, K, k) be a p-modular system, i.e. O is
a complete discrete valuation ring with maximal ideal J(O), k = O/J(O) is its
residue field with characteristic p and K is its field of quotients with characteristic
zero; we assume that k is algebraically closed. By a p-block of a finite group G, we
mean a central idempotent of the group algebra OG. Recall that a source algebra
of b is an algebra of the form iOGi, where P is a defect group of G and i is a
primitive idempotent of (OGb)¥, such that b is in the image of the relative trace
map Tr&((0G)Pi(OG)?). Equivalently, 7 is characterized as belonging to a local
point of P on OGb. A source algebra iOGi of b is naturally an interior P-algebra
via the homomorphism which maps an element x of P to the element iz of iOGi
(for details see [T}, §38).

The Weyl group B,, is the wreath product of the group of order 2 with S,,. We
will find it convenient to use the following description for it. For a finite set U, we
denote by E(U) the finite elementary abelian 2-group with a distinguished basis U,
ie.

EU)=(u:uecUnu?=1, uvuv = 1),
by E°(U), the subgroup of E(U) of index two which is generated by elements uv,
u,v € U, and by S(U) the symmetric group of the set U.
Given E(U), the action of S(U) on the elements of U naturally extends to an

action of S(U) on E(U) (via “(uv) = “u “v) and this action leaves invariant the
subgroup E°(U). If we put

B(U) = E(U) x S(U)
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and
D(U) := E°(U) x S(U),

then B(U) and D(U) are respectively the Weyl groups W (B,y|) and W (D)y|11).

For a subset X of U, let us denote by 7x the trivial character of F(X) and by
T% the irreducible character of E(X) which takes the value —1 on any element x
of X. Let ex and e% denote the central idempotents of KE(X) corresponding
respectively to the character 7x and the character 7%.

The block theory of B(U) divides naturally into the case where p = 2 and the
case where p is odd. Since F(U) is a normal 2-subgroup of B(U) which is its
own centralizer, B(U) has only one 2-block. On the other hand, when p is odd,
Clifford theory easily yields a parametrization of the p-blocks of B(U) in terms of
the p-blocks of the symmetric groups (see [JK], [P1]). We state below the relevant
results, which were first described in [O1] and [02].

From now on, unless we explicitly state otherwise, we assume that p is an odd
prime. Let U = U; U Uz be a partition of U into disjoint nonempty subsets. Since
p is odd the central idempotents e, and e, of K E(U;) and K E(Uz) respectively
are blocks of F(Uy) and E(Us); hence ey, e, is a block of E(U) and, further, the
stabilizer of ey, ef;, under the conjugation action of B(U) on the algebra OE(U) is
given by

StabB(U)(eUIe;}z) = B(Ul) X B(UQ)

Fori=1,2let b; be a block of S(U;). Clearly, since E(U) is abelian, the idempotent
ev, ey, biba is a block of B(Uy) x B(Uz) and it follows by the theory of covering
blocks (see Theorem 5.10, Chapter 5, of [NT]) that the idempotent

. m.BWU) x 77
b = TrB(U1)><B(U2)(eUleUzble)

is a block of B(U) and that all blocks of B(U) can be described in this way.

It also follows that, if for ¢ = 1,2, P; is a defect group of b;, then P := P x P,
is a defect group of b.

Let us fix a partition U = U; U Us of U into disjoint subsets, and a block b of
B(U) as defined above. We also fix a defect group P = P; x P, of b as above.

The associate of the block b is the block of B(U) given by

b = TR0 o) (€0 s brba).

Note that b is equal to its own associate if and only if there is an involution o of
S(U) such that °U; = U, and 7h; = by. In the following theorem, whenever b is
self-associate, we will assume a fixed choice of such a o. Also, we will assume in
this case that P, = 7 P;.

Theorem 1.1. (i) For i = 1,2 let t; belong to a local point of P; on OS(U;)b;.
Then the interior P; X Py-algebra t1OS(Ur)t1 @ t2OS(Ur)ts is isomorphic to a
source algebra of the block b of B(U).

(i) If b is not self-associate, then b := b+ b is a block of D(U) with defect
group P, and there is an interior D(U)-algebra isomorphism

OD(U) ~ OB(U)b

which induces an interior P-algebra isomorphism between a source algebra for b
and a source algebra of b .
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(111) If b is self-associate, and P is not the identity group, the idempotent b is a
block of OD(U). Further, if t1 and to in (i) are such that to = %t; then a source
algebra for b when b is considered as a block of D(U) is isomorphic as interior P-
algebra to the crossed product of t1OS(Ur)t; @ t2OS(Un )ta with the group algebra
O(c). In other words, it is isomorphic to the algebra which as O-module is the
module

tl(’)S(Ul)tl KXo tQOS(Ul)tQ XRoe O<O’>,
with multiplication defined by

(a1 ®as ®0)(a; ®ay®0') = ay “ay ®as “ay ® oo,

(a1 ® as ® 1())(ay ® ay0") = aray ® asay ® o,

for aq, a/l m A1, ao, a; in A, i = 1,2, and where the interior P-algebra structure
s given by

g1 X g2 — g1lposwnn @ 792105t @ Loy,

for g1 in Py and g2 in Ps.

Corollary 1.2. Puig’s conjecture (see [B2]) is true for the blocks of the Weyl
groups of type B and type D for all primes p. Hence, it holds for all Weyl groups.
In other words, for a fixed p-group P there are only finitely many isomorphism
classes of interior P-algebras that are source algebras for blocks of the Weyl groups
which have defect groups isomorphic to P.

In [S] Scopes showed that the existence of a certain combinatorial relationship
between two blocks of two symmetric groups which have isomorphic defect groups
forces the corresponding block algebras to be Morita equivalent. In [P2], Puig
extended these results to show that this combinatorial relationship in fact forces
an explicit isomorphism between certain subalgebras of the block algebras of the
concerned blocks. The next theorem is a Clifford theoretic “lift” of Puig’s result to
the Weyl groups of type B. We will say that two blocks of two symmetric groups
are Scopes related if they are connected to each other in the same way as the two
blocks of Theorem 1.7 of [P2].

Let b be as before a block of B(U) and suppose that V; is a subset of U; such
that ¢ is a block of S(V7) with Py as defect group. Put V := V; UUs; and let ¢ be
the block of B(V') defined by

c:=TrEWV)

B(V1)x B(Us) (e, 1 ® 6;}21)2).

Note that cOB(U)bc is naturally an interior B(V) x B(U — V')-algebra via the map
which sends an element z of B(V) x B(U — V) to the element zbc of cOB(U )be,
and we shall assume this interior B(V') x B(U — V)-algebra structure for cOB(U)bc
in the theorem below. Also, note that since S(U — V) is a quotient of B(U — V),
OS(U — V) is naturally a B(U — V') module, and this gives Endp (OS(U —V)) an
interior B(U — V) algebra structure.

We are now ready to state our theorem.

Theorem 1.3. Suppose that by and & are Scopes related. Then we have an iso-
morphism of interior B(V') x B(U — V)-algebras

(1.1) OB(V)e ®0 Endo(OS(U — V) =~ cOB(U )be.
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2. SOME RESULTS ON THE INDUCTION OF INTERIOR (G-ALGEBRAS

All the results in this section can either be found in section 16 of [T] or are easy
consequences of results given there. Hence, except for Proposition 2.4, we omit
giving proofs.

Let G be a finite group, H a subgroup of G and B an interior G-algebra. Recall
that the algebra Indg(B) is an interior G-algebra which as an O-module is the
O-module OG ®pg B ® g OG with multiplication defined by

z® tyx/tl ® y, if y:z:, € H,

@tey)(z @t @y ) = ,
(z y)(z y) {0 e 2 H

for z,x ,y,y in G and t in B; the interior G-algebra structure of Ind%, (B) is defined
by the map

¢:G—Ind%(B), g¢g— Z grelg®at.
x€G/H

The (OG, OG) bimodule structure on Ind$(B) induced by left and right multi-
plication by elements ¢(g) coincides with the natural (OG, OG) bimodule structure
on OG @og B ®@og OG. In other words, we have

d9)(fetef)=gfotef and (fote f)ég) =gf @t fg.

For the next lemma, recall that if A is an interior G-algebra, X a subgroup of G
and j an idempotent of AX, then jAj is naturally an interior X-algebra via the
map which sends the element x of X to the element xj of jAj.

Lemma 2.1. Let H be a subgroup of G and B an interior H-algebra. Put A =
Indg(B). Further, suppose that X and Y are subgroups of G with XNH =Y, and
that i is an idempotent of BY . Then a left transversal of Y in X can be extended
to a left transversal of H in G. In A, let j = Ezex/yx @iz~ '. Then j is

an idempotent of AX, and further, there is a canonical isomorphism of interior
X-algebras,

Indy (iBi) ~ jAj, 2@t®y—z®t®y (v,yc X,t € iBi).
We also have

Lemma 2.2. Let D be a finite group, T an interior D-algebra and B an interior
H-algebra. There is an isomorphism of interior G x D-algebras

md$XD(Boo T) =2dG(B)@o T, 2@ (t®s)0y— (10t0y) s
forx,y in G, tin B, and s inT.

A central point in the proof of Theorem 1.1 will be the following proposition,
which is Proposition 16.6 of [T].

Proposition 2.3. Let A be an interior G-algebra and let H be a subgroup of G.
Assume that there exists an idempotent i of AH such that 14 = Trg(i) andi 91 =0
for all g € G — H. Then there is an isomorphism of interior G-algebras

md%(idi) ~ A, z@t@y—aty (z,ye G tcidi).

The above proposition immediately gives the following Clifford theoretic result.
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Proposition 2.4. Let E be a normal subgroup of G, e a block of E and H the
stabilizer of e in G. Let i be a block of H covering e and put b = Trg(i). Then
there is an isomorphism of interior G-algebras

md5(OHi) ~ OGh, z@t®y— aty (r,y € G,tc OHi).
Proof. Let g € G — H. Then
i 9 =igig~t = iegeig”! =iegeg lgigTl =0

since H is the stablizer of e in G and ¢ is a block of H covering e. Then applying
Proposition 2.3 with A = OGb, we get immediately that there is an isomorphism
of interior G-algebras

nd% (i0Gbi) ~ OGh, z@t®y — sty (r,y € Gt €iOGi).
But the algebra iOGbi is the algebra iOHi, since for any g € G — H, we have
shown above that igi = 0. This proves the proposition. O
3. PROOF OF THEOREM 1.1

We use the notation of Theorem 1.1. It is clear from Proposition 2.4 and from
the description of b that there is an isomorphism of interior OB(U)-algebras

Ind () g O(B(U1) x B(U2))ew, efy,bibs ~ OB(U)D,

(3.1) r@t®y — oty (v,y € BU),t € O(B(U1) x B(Us))ev, ey, bibs).
Now, for i = 1,2, let ¢; be an element of a local point of P; on OS(U;)b;. Since
(OS(U1)by @0 OS(Us)ba)¥ ~ (OS(U1)b1)™* @0 (OS(Us)bs) ">
and
(OS(U)b)™ @0 (05 (Uz)ba)"2)/T((OS(U1)b1)™ @0 (OS(U2)b2)"*)
~ (0S(U1)b1)™)/J((OS(Ur)b1) ™) @k (OS(Ua)b2) ™)/ J((OS(Ua)ba) ™),
we see that t; ®ts is a primitive idempotent of ((’)S’(Ul)iyl ®OOS(U2)I~)2)P. Similarly,
we have an isomorphism of Brauer quotients
Brp((OS(U1)b1 ®0 OS(Uz)b2)F) ~ Brp, (OS(U1)b1)™*) @k Brp, (OS(Us)b2) ™).
In other words, ¢; ® t2 belongs to a local point of P on OS(Ul)l;l ®o OS(UQ)BQ;
hence, using the canonical isomorphism
OS(Uy)by @0 OS(Us)by ~ O(S(Uy) x S(Uz))biba, a1 ® ag — ayas,
we have that t1¢, belongs to a local point of P on O(S(Uy) x S(Us))b1by. Further,
multiplying the term on the left of the above isomorphism on both sides with ¢; ®t

and the term on the right on both sides with ¢1¢5 yields an isomorphism of interior
P-algebras

(32) thS(Ul)tl Ko t2(95(U2)t2 ~ tthO(S(Ul) X S(Ug))tltg.

On the other hand, notice that if we consider O(B(U;) x B(UQ))eUle}}le)llBQ as an
interior S(Uy) x §(Us)-algebra, then O(B(Uy) x B(Uz))ev, ey, b1bz is isomorphic to
the algebra O(S(Uy) x S(Us))biby since for any u in E(U), uey, e, = Fev,ep,;
in particular these are isomorphic as interior P-algebras. Hence, ¢;t2 belongs to a
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local point of P on O(B(U;) x B(Ug))eUle*Uj)ll;g and we have an isomorphism of
interior P-algebras

(33) tthO(S(Ul) X S(UQ))tth ~ tthO(B(Ul) X B(UQ))tth.

Further, by parts (d) and (f) of Proposition 15.1 of [T], 1 ® t;1t2 ® 1 belongs to
a local point of P on IndgEgZ)xB(Uz)O(B(Ul) X B(UQ))eUle;}lenl;g. Since there is

clearly an interior P-algebra isomorphism
1@ ity ® W(Ind () gy O(B(UL) x BU)1 @ taty @ 1
~ tthO(B(Ul) X B(UQ))tth,

by multiplying on both sides the term on the left of (3.1) with 1 ® t1¢2 ® 1 and the
term on the right of (3.1) with ¢;¢5, and using the isomorphisms (3.2) and (3.3) we
get part (i) of Theorem 1.1.

We put e := ey, e}y, + ej; ev,. Then it is clear that e is a block of E°(U). For a
finite group G, and a block b of G, recall that Irr(G, b) denotes the set of ordinary
irreducible characters of G that belong to the block b.

By the definition of b it is clear that every element x of Irr(B(U), b) is the induced
character

B(U *
IndBEUl))XB(Ug)(TUlTU2X1X2)
for some elements y; of Irr(S(U), b1) and xo of Irr(S(Us), bs). For the character y
as above let
a B(U «
x* = IndBEUl))XB(UZ) (T8, TUa X1X2)-
By Mackey decomposition the restriction of x to D(U) is given by
DU *
Res|p)(x) = IndBEUl))XB(Ug)ﬁD(U) (Tu, T, X1X2)
D(U) *
= Ind o () (511 x5 (U2)) TV T (x1x2)

_ D(U) *
- IndEO(U)I><(S(U1)><S(U2))TU1 T, (X1X2)

_ D(U) .
- IndB(Ul) x B(U2)ND(U) (TU1 TU, X1X2)

(3.4) = Res|p(w)(x*).

Also, a character y of B(U) belongs to the block b of B(U) if and only if x®
belongs to the block b*. So, if b # b%, then in particular y # x° for any y
in Irr(B(U),b) and using Clifford theory it follows by (3.4) that Resp)(x) =
Resp(v)(x®) is irreducible for all x in Irr(B(U),b). In particular, b and b* each
cover exactly one block of D(U).

On the other hand, it is clear that

L a _ m.SWU) 7.7
b = b+b = TrS(Ul)XS(Ug)eble

is a central idempotent of D(U). This proves that b’ is a block of D(U); it is clear
that P is a defect group of b
It also follows from the above analysis that
Ir(D(U),b') = {Res|pwyx : x € Ir(B(U),b)}.

In other words, restriction provides a one to one correspondence between Irr(B(U),b)
and Irr(D(U),b). So, by Theorem 0.1 of [B1], it follows that the block algebras



EQUIVALENCES FOR BLOCKS OF THE WEYL GROUPS 343

OD(U)" and OB(U)b are isomorphic via the map which sends an element a of
OD(U)b" to the element ab of OB(U)b. This is clearly an isomorphism of inte-
rior D(U)-algebras and in particular, it induces an interior P-algebra isomorphism
between a source algebra of b and a source algebra of b. This proves part (ii) of
Theorem 1.1.

The proof of the third part of Theorem 1.1 depends heavily on the following
result which is a special case of Theorem 5.5 of [P2].

Proposition 3.1. Let L be a normal subgroup of N and let f be a block of L
normalized by N. Assume that Cn(P) C L where P is a defect group of f. Let v
be a local point of P on OLf and Hg a pointed group on OLf such that P, C Hg.
Then ( is contained in a point of H on ON, i.e. elements of B remain primitive
in the algebra (ON)H.

Proof. See [P2], Theorem 5.5 (i) and Remark 5.6. |

Note that if we take H = L, the above theorem yields that if Cx(P) C L, then
f is a block of N.

Let us assume from now on that b is self-associate and let o be as in part (iii)
of Theorem 1.1. Clearly, “(ev,ey;,) = ef;, ev,; hence if we denote by T' the group
(S(Uyr) x S(Ug)) x (o), then it is clear from the description of b that

D(U 77
(3.5) b= Trph ), 1 (ebiba).

Now the idempotent ebybs is a block of the normal subgroup E°(U) x (S(U7) x
S(Us)) of E°(U) x T, and it has P as a defect group. Since we are under the
assumption that P = P; x P» is not the identity group, we certainly have

(3.6) Croyxt(P) = Cpo)n(suy)xs(us)) (P)
and hence by Proposition 3.1 applied with L = E°(U) x (S(U;) x S(Us)), N =

E%U) x T, f = ebiby and H = L, we have that ebibs is a block of E°(U) x T.
Since E°(U) x T is the stabilizer in D(U) of the block e of E°(U), it follows by
Theorem 5.5, Chapter 5 of [NT] and by (3.5), that b is a block of D(U).

So, applying Proposition 2.4 with E = E°(U), H = E° x T, and i = ebibs, we
get that there is an isomorphism of interior D(U)-algebras

A8, reb1b2O(EY(U) x T) ~ OD(U)b.

In particular, it follows just as for (i) that a source algebra for b as a block of
D(U) is isomorphic as interior P-algebra to a source-algebra for the block eb1by of
E°(U) x T, and this in turn is clearly isomorphic to a source algebra for the block
b1bs of the group 7.

On the other hand, let ¢; and to = “¢; be as in Theorem 1.1 (iii). Then, just
as for the proof of (i), t1t2 belongs to a local point of P on S(U;) x S(Usz). Now,
in view of (3.6), it follows by Proposition 3.1 applied with L = S(U;) x S(Uz),
f= 51132, N =T and H = P that t1t5 belongs to a local point of P on OTb1bs. In
other words, t1t2O0T't1ts is a source algebra for the block 5152 of the group T.

Define the O-linear map

¢ : thS(Ul)tl XRe tQOS(UQ)tQ KXo O<O’> — t1toOTt1to, a® CL/ X O’i —a a/cri



344 RADHA KESSAR

for a € t10S(Uy)t1, d € t2OS(Usz)ts and i = 1,2. Then, since to = ¢, it is easy
to check that ¢ is an isomorphism of interior P-algebras. This completes the proof
of part (iii) of Theorem 1.1.

It remains to prove Corollary 1.2. Since the groups B(U) and D(U) each have
only one 2-block we only need to prove the result when p is odd. Let us fix a
nonidentity p-group P and let b be a block of B(U). Then, by Theorem 1.1 there
are p-groups P; and P, such that P = P; x P, and a source algebra for b is
isomorphic to the tensor product A; ® A, of the source algebras A; and As of blocks
of two symmetric groups which have P; and P respectively as defect groups. By
paragraph 1.8 of [P2], there are only finitely many possibilities (up to interior P;-
algebra isomorphism) for each A;, and since, for a fixed P, there are only finitely
many possibilities for P; and P, the result holds for the p-blocks of the groups
B(U). The result for the groups D(U) follows in the same way since by parts (ii)
and (iii) the source algebras of a block of D(U) are isomorphic either to a tensor
product of source algebras of blocks of symmetry of these source algebras with the
group algebra of the group of order 2. Since the only infinite families of Weyl groups
are the symmetric groups and the groups of type B and D, it follows that Puig’s
conjecture is true for the Weyl groups.

4. PROOF OF THEOREM 1.3

By the description of b and ¢, we get that in OB(U),
. B(V) x o~ 7
bc = bTrB(Vl)XB(Uz)evleU2clb2

v v =7

= Tv)) B( ))xB(Ug)bevleU2clb2

B(V;
14 B(U 7 * ~ 7
W m (T v, (e €07, ) Diba e €, 8o
(
(

Vl))xB(U2)( Z (6 IUle*xUz) ml~)1 162)8\/1 62}26162
z€S(U)/S(U1)xS(Uz)

B(V 1 TL * * o~ 7
(4.1) = TrBEVI))XB(UZ)( Z b1 “bae wy, €%y, ev; €77, C102).
ze€S(U)/S(U1)xS(Uz)

Now for any z in S(U), e «v, €%y, evi e, = € «v, €%y, if Vi C *Urp and Uz C *Us
and is zero otherwise. Moroever, Uy C *Uy if and only if x € S(U;y) x S(Usz). Hence,
from (4.1) we get that

B(V v %17
(4.2) be = Tngvl))xB(Uz)(eUleUzclble)'

It is clear from (4.2) that in OB(U)b, the idempotent bc is the image under the
isomorphism in (3.1) of the element

ji= Z zQ® eUle*UzBlEli)g Qax?
@€B(V)/B(V1)x B(Uz)
of IndB U))XB(UQ)O(B(U]') X B(U2))€U1€B26162 and that j is centralized by the

group B(V) x B(U — V). Hence, multiplying the algebra on the left of (3.1) on
both sides by the idempotent j and the algebra on the right of (3.1) on both sides
by the idempotent be, we get an isomorphism of interior B(V') x B(U — V)-algebras

(4.3) FId )y OB(UL) x B(Uz))ew, efr,bié1ba)j ~ cOB(U)be
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On the other hand, by Lemma 2.1 applied with G = B(U), H = B(U1) x
B(UQ), B = O(B(Ul) X B(UQ))eUle*U2blb2, X = B(V) X B(U — V), Y = B(Vl) X
B(U —V) x B(Us) and i = eUle;}zBl&lBQ, we get that there is an isomorphism of
interior B(V) x B(U — V)-algebras
(4.4) J(Id5) g OBUL) x B(Us))eu, efr,biba);

B(V)xB(U-V ~ * 7~ 7
~ Ind gV 0T, @O(B(UY) x B(U2))euw, ey, biéiba

and hence, composing the inverse of this isomorphism with the isomorphism of
(4.3), we get an isomorphism of interior B(V) x B(U — V')-algebras

B(V)xB(U-V ~ * 7 ~ 7
(4.5)  Idg (T s @OB(UY) x B(Us))eu, €7, bicibs ~ cOB(U)be.

Also, note that there is a canonical interior B(Vy) x B(U — V') x B(Us)-algebra
isomorphism

(46) 510(B(U1> X B(UQ))eUI 6;}2616162 ~ 510B(U1)6U16151 KXo OB(UQ)@;}ZBQ.

Now, since by and ¢ are Scopes related, by Theorem 1.7 of [P2], we have that there
is an interior S(V4) x S(U — V)-algebra isomorphism

(4.7) O8(V1)é @0 Endo(OS(U — V) ~ 08 (U1 )b1é1.

For any z in E(V4) x E(U — V), zey, = ey, and xey, = ey, ; hence the isomor-
phism (4.7) yields an interior B(V;) x B(U — V)-algebra isomorphism

(4.8) OB(V1)ey,é1 @0 Endp(OS(U — V) ~ & OB(U ey, b1 é:.

Then (4.5), (4.6) and (4.8) yield an interior B(V') x B(U — V)-algebra isomor-
phism
(4.9)

Ind gV by (OB(V)ew, & @0 Endo(OS(U — V) @0 OB(Uz)ej, bs)
~ cOB(U)bc.

Now, applying Lemma 2.2 with T'=Endo(OS(U—-V)),H=B(V1)xB(U - V)
x B(Us), G = B(V) x B{U = V), and B = OB(Vi)eu, &1 @0 OB(U:)efs, b, (4.9)
yields interior B(V') x B(U — V)-algebra isomorphisms

(4.10)
cOB(U)bc
~ (Indpiv)) vy OB(Vi)ev, &1 ®0 OB(Us)efs,ba) ®o Endo(OS(U — V)
~ (Indpy,) s gy O(B(V1) x B(Ua))ev, efy,é1b2) @0 Endo(OS(U = V).

On the other hand, as for (3.1), we have that

(4.11) Id V) O(B(VA) x B(Us))ev, er,e1ba ~ OB(V)e

as interior B(V)-algebras.
Then the isomorphisms (4.10) and (4.11) immediately yield the isomorphism
desired in (1.1).
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