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ABSTRACT. In this paper we consider the problem on classi-
fying the representations of a pair of posets with involution. We
prove that if one of these is a chain of length at least 4 with trivial
involution and the other is with nontrivial one, then the pair is
tame < it is of finite type < the poset with nontrivial involution
is a x-semichain (* being the involution). The case that each of the
posets with involution is not a chain with trivial one was consid-
ered by the author earlier. In proving our result we do not use the
known technically difficult results on representation type of posets
with involution.

Our paper is devoted to study representations of pairs of posets with
involution.

Representations of a pair of posets (without involution) were intro-
duced, in the language of matrices, in [1]. In the same paper, all pairs
of finite type were described. For tame type it did in [2, 3]. Representa-
tions of a pair of posets with involution (in fact, a more general situation)
were studied in [4, Section 5]; as a consequence of Theorem 6, one has a
criterion for such a pair to be tame in the case when each of the posets
with involution is not a chain with trivial one. The case, when one of
these is a chain with trivial involution, easily reduces to representations
of posets with involution (see Remark at the end of this paper), and we
can use the results from [5, 6] on classifying the tame and wild posets
with involution. All statements of this paper are proved without using
these, technically difficult, results of [5, 6].
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1. Formulation of the main result

Throughout the paper, K denotes a fixed field. All posets are finite and all
K-vector spaces are finite-dimensional. Singletons are always identified
with the elements themselves. The category of (finite-dimensional) K-
vector spaces is denoted as usual by mod K. For simplicity, an involution
on a poset is denoted by the same symbol .

We stress that we keep the right-side notation (vector spaces are right;
linear maps are wrote to the right of elements of spaces and are composed
from left to right, etc.).

Before formulation of our main result we introduce some definitions
and notation (see [4, 7]).

Let X = (A,x*) be a poset with involution. By an X-graded vector
space over K we mean the direct sum U = @, 24U, of K-vector spaces U,
such that Uy« = U, for each a € A. For B C A, put Up = ®yecpUy; for
B,C C A and a linear map ¢ : U — U’ with U and U’ being X-graded
spaces, denote by ¢pc the map of Up into U, induced by ¢. A linear
map ¢ : U — U’ between the X-graded spaces U and U’ is said to be
an X-map if pg=g+ = @qq for any a and ¢p. = 0 for any b £ c¢. The
set of X-maps of U into U’ is denoted by Homy x(U,U’). The category
of X-graded vector spaces over K (which has as objects the X-graded
spaces and as morphisms the X-maps) is denoted by modx K.

Since it is natural to identify a poset A with trivial involution * (when
a* = a for any a € A) with the poset itself, the above definitions involve
the case of usual posets.

Let S = (A,%) and T = (B,*) be posets with involution and set
M = modgK, N = modrK. A representation of the pair (S,T) is a
triple (V,U, \) formed by objects V. € M, U € N and a linear map A
of V into U. A morphism from (V,U, \) to (V',U’, \') is determined by
morphisms i : V — V' and v : U — U’ such that \v = p)\'. The category
defined in this way is denoted by repg (S, T).

We say that a pair (S,T) is of finite type if repy(S,T') has finitely
many isomorphism classes of indecomposables, and tame or wild if so is
the problem of classifying, up to isomorphism, the objects of repy (S, T).
For the precise definitions of tame and wild pairs see [4, Section 5|; these
are particular cases of Drozd’s definitions (8, 9] (the definition of wild
pairs will be recalled in Subsection 2.1).

A semichain of length m is by definition a poset of the form X =
Ui~ Xi, where each X; (called a link of X) consist of either one point
or two incomparable points, and x1 < zy < -+ < X, for any z; €
X1,29 € Xo,...,xm € X, (if every X; is a singleton, the poset X is
called a chain). A poset with involution T' = (Y, *) is called a semichain
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(respectively, chain) if Y is a semichain (respectively, chain) and x is
trivial, and a %-semichain if Y is a semichain and «* = x for each x from
the union of all two-point links (to say that 7" is a x-chain means that Y
is a chain).

Under the assumption that K is algebraic closed, we prove the fol-
lowing theorem.

Theorem. Let S and T be posets with involution such that the first
(respectively, second) one is a chain of length at least 4. Then the follow-
ing conditions are equivalent:

1) (S,T) is tame;
2) (S,T) is of finite type;

3) S (respectively, T') is a *-semichain.

This theorem will be proved in Subsections 2.2 and 2.3.

2. Proof of Theorem

2.1. The definition of wild pairs. In this part of the paper we recall
the definition of a wild pair (S,7T) (S,T being posets with involution).

Let X = (A,*) be a poset with involution and K = K{z,y) be the
free (associative) K-algebras in two noncommuting variables x and y.
We can define the category mod x K of (right) free X-graded K- modules
similar to the category modx K, considering finitely generated free K-
modules instead of finite-dimensional K-vector spaces (such a module
U = ®ueal, is called free if so are all the modules U,,a € A).

Let S = (A,%) and T = (B, *) be posets with involution, and let
R#(S,T) denotes the set of all triples (V,U, \) formed by objects V' €

modg I?, U € modr K and a homomorphism A from V into U. By E(I?)
we denote the category of left finite-dimensional (over K) K-modules.
The pair (S,T) is called wild if there exists an element M = (V,U, \) of
R (S,T) such that the functor

H(M)=M® —: L(K) — repg (S, T)

preserves indecomposability and isomorphism classes (M @ Y = (V ®
VAR1y,VeY)with (VeY),=V,®Y and UaY), =U, @Y
for every a); here all tensor products are considered over K. An element
M € Ry(S,T) with such properties will be called strict.

For an element M = (V,U,\) of R (S,T) with V = K", V, = K",
U=Km"and Uy = K™ (a € A,b € B), we identify the map A with
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the matrix (Agp), @ € A,b € B, where Ay is the map of V, into U,
induced by A; in turn, we identify each Ay with the corresponding n, x my
matrix with entries in K. So A is identified with the block matrix (Aab)s
a € Ab € B, of order n x m. We will indicate strict elements in this
form.

2.2. Subsidiary lemma. When we determine a poset with involu-
tion S = (A, *), the order relation is given up to transitivity and a* is
indicated only if a* # a. If the elements of A are natural numbers, the
order relation is denoted by < (to distinguish between the given relation
and the natural ordering < of the integer numbers); the only excep-
tion is the case when A is linear ordered. By (m) we denote the chain
{I1<2<...<m}.

Lemma. Let S = (m) and T = (B, ) be a poset with nontrivial involu-
tion. Then the pair (S,T) is wild in the following cases:

a) m=2, B={1,2}, 1* =2;
by m=3, B={1,2,3,4]1<3,2<3<4}, 1*=3,2*=4;
)

(
(
(c)m=3,B={1,2,3,4|1<2=<3,2=<4}, 1* =3,2* = 4;
(d)m=3 B={1,2,3,4]1<2<4,1=<3=<4}, 1*=3,2* =4;
(e)m=4, B={1,2,3|1<3,2<3}, 1*=3;

(

fim=4, B={1,2,3|1=<21=<3}, 1*=3.

Proof. We will use the definitions, notation and conventions of 2.1. Writ-
ing a strict element M = (V,U, ) of R (S,T), we assume that rth hor-
izontal (respectively, vertical) band of A is situated above (respectively,
to the left of) sth one if r < s.

As a strict element L = (V,U,\) of R5(S,T) one can take the fol-
lowing one:

in case (a),V:I?Q, V1:V2:I?,U:IA(4, U1:U2:I?2,and
1 00 =z
A_<0 1)1 y>’

in case (b), V=K V=K% V=K Vs=K>U=KS U, =
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Uy =Us = Uy = K%, and
000 O0]/0O0OT1O0[/00O0TO0O/0O0TO0O0
000 0[/0O0OT1/0000/0O0TGO0O0
0 01 0/]0 01 0/00O0O0/0O0O0 O
000 1/00 0 1/0 00 0/0O0O0O0

v_| 00000000101 o0j0oo00 0],
1 00 0|1 00 0[0OOGOTGO[OOTGOTG O]
01 00[/0100/0000/0O0TO00O0
000 0[/0O0DOTO0D/010T1/0000
000 0[O0 O0DOT O|0OOTO 0|1 00 =
000 0/00O0T 0|0 O0OTU O[O0 1 1y

in cases (c¢) and (d), V,U and A are the same as these in case (b),
but one must arrange the vertical bands A1, A2, A3, A4 of A as follows:
A4, A3, Ao, A1 and Ag, Ao, A1, A4, respectively;

~

_in case (e), V :Al?lz,Vl = K2 Vy = Vs = K3V, = K4, U =
K6 U, = Kb Uy, = K* Us = K5, and

o o0 0 0O0O0O1T 00 00O O0CO0OO0OO0OO0
0o o0 00001000 00 O0O0O0
10 00 0 0jO OO OO0 0 OO0 O0O
010 00 0O/O0 OOOO O0OOO0OO0OO0
0o 00 0000 O0O0OTO0O|]0 01 00 =z
\— 0 01 0001 0000 0O0O0TO0OO
0001 00{O01O0O0OI0O0O0OO0OTGO0OTUO0O]’
0 00 00 00O O0O0OO0O|]0 O0O0T1T1y
0o 0001000100 00 O0O0O0
o0 000140 0 0 10 0 0 0 0 O
0o 00 0000 O0O0OO0O]L O1 01 O0
o 0 000 O0O40 0 O0OO0Of0O1 0101

in case (f), V,U and X are the same as these in case (e), but one must
arrange the vertical bands A1, A2, A3 of A in reverse order.

The fact that each of these elements of Rz (S,T) is strict can be
proved in the same way as in the case when the poset with involution S
is not a chain (see [4, Section 5]). O

2.3. Completion of the proof. We proceed now immediately to
the proof of the theorem. By Proposition 7 of [4] (S,T) is tame if and
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only if so is (T°P,S°P), and hence one may assume that S is a chain of
length at least 4 (S°P, T°P denote the dual posets with involution).

The implication 2) = 1) is trivial. The implication 3) = 2) fol-
lows from the fact that, for any x-semichain T' = (B, x), the category
repg (S, T) is isomorphic to the category of representations of a bundle of
the chain S and the semichain B (with the involution on S U B induced
by *); this bundle is of finite type by the main classification theorem of
[10, §1]. Finally, in view of the fact that any (S, T) is either tame or wild
(see the main result of [9]), and Lemma 8 of [4], the implication 1) = 3) is
equivalent to the assertion that (S,7") with S = (4) is wild if T' = (B, *)
is not a x-semichain. This assertion immediately follows from Lemma 12
of [4] and the above lemma.

2.4. Remark. One can easily show (in an analogous way as in [1,
§2| for representations of pairs of posets without involution) that in the
case S = (m), T = (B,*) with m > 1 the problem of classifying, up
to isomorphism, the objects of R = rep(S,T") reduces to that for the
category R’ of representations of the poset with involution T'(m — 1) =
(m —1)J[T (here J] denotes the direct sum of posets with involution),
and we can apply the main results of the theory of representations of
posets with involution [5, 6] (see also [11]).

All statements of this paper have proved without using the (techni-
cally difficult) results of [5, 6, 11]. For readers interested in all points of
view to our theory, we give here a sketch of a proof of Lemma (respec-
tively, of the implication 3) = 1) of Theorem) with using ones.

In cases (b)—(f) of Lemma, using the algorithm from |6, §4], one can
reduce the problem of classifying the representations of T'(m — 1) to that
of some poset with trivial involution 7"(m — 1). Since T"(m — 1) contains
(in each of cases (b)—(f)) a subposet isomorphic to (1) [[(3) [[(4), it is
wild by [12]; then T'(m — 1) is also wild and consequently so is the pair
(S,T). In case (a) the pair (S,T) is wild, for example, by Main theorem
of [6].

As to Theorem, the implication 3) = 1) follows from the fact that,
for any *-semichain T' = (B, %), the poset T"(m — 1) is of finite type.
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