Ukrainian Mathematical Journal, Vol. 61, No. 5, 2009

DESCRIPTION OF POSETS CRITICAL WITH RESPECT TO THE NONNEGATIVITY
OF THE QUADRATIC TITS FORM

V. M. Bondarenko and M. V. Stepochkina UDC 512.64+512.56

We present the complete description of finite posets whose Tits form is not nonnegative but all proper
subsets of which have nonnegative Tits forms. A similar result for positive forms was obtained by the
authors earlier.

1. Introduction

In [1], for a finite quiver (oriented graph) () with the set of vertices (Jy and the set of arrows ()1, Gabriel
introduced a quadratic form g : 720 — 7 and called it the quadratic Tits form of the quiver @Q :

4Q(2) =Y 2 =) uz,

i€Qo 1—J

where ¢ — j runs over the set (J1. In [1], he also proved that the quiver has a finite representation type over the
field k (i.e., finitely many indecomposable representations, to within an isomorphism) if and only if its Tits form
is positive. This Gabriel’s work laid the foundations of a new field of algebra dealing with the investigation of
the relationships between the properties of representations of various objects and the properties of quadratic forms
associated with these objects.

Later, the quadratic Tits forms for quivers with relations and posets were studied by Brenner [2] and Drozd
[3], respectively. In the general case of matrix problems without relations, the Tits form was introduced by Kleiner
and Roiter [4].

In [3], it is shown that a poset has a finite representation type if and only if its Tits form is weakly positive, i.e.,
takes positive value on any nonzero vector with nonnegative coordinates (representations of posets were introduced
by Nazarova and Roiter in [5]). Note that the Tits form of a quiver is weakly positive if and only if it is positive.
For posets, this is not true. Therefore, the investigations of posets with positive Tits form seems to be quite natural
(at least, from the formal point of view). Posets of this sort were studied in [6—14]. Moreover, in the cited works,
the posets with positive Tits form were also studied from the viewpoint of their properties directly connected with
the categories of representations.

The present paper is devoted to the investigation of posets with nonnegative Tits form and continues our
investigation of posets of this sort originated in [15].

2. Formulation of the Main Result

Let S be a finite poset that does not contain element 0. Its quadratic Tits form is defined as a quadratic form
qs: Z°Y° — 7 given by the equality
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QS(Z):Z§+ZZZ'2+ Z zizj—zoz:zi.

icS i<ji,jES icS

A poset S is called critical with respect to positivity (nonnegativity) of the quadratic Tits form or, briefly,
P-critical ( N P-critical) if the Tits form of any its proper subset is positive (negative) but the Tits form of the
entire S is not a form of the same type.

The width of a poset S is defined as the maximum number of its pairwise incomparable elements. A poset
dual to S is denoted by S°P. In other words, S°P = S as ordinary sets and, moreover x < y in S°P if and only
if x>y in S. The posets .S and T are called antiisomorphic if S is isomorphic to T°P.

The list of all P -critical posets can be found in [10]. This list is also presented in Table 1 (see the last section).
The aim of the present paper is to describe all [NV P -critical sets .

The following theorem is true:

Theorem 1. The N P -critical posets are exhausted, to within isomorphisms and antiisomorphisms, by posets
1-115 presented in Table 2 (see Section 5).

We now make several comments on Table 2.

The poset with number 7 in Table 2 is denoted by N;. If the set /V; has width 2 and, in Table 2, it is indicated
that ¢ = j/, then this means that NN; can be obtained from N; by replacing its unique maximum point with the
unique minimum point. The same is true for the case i = j” = (j’)’ (it is necessary to compare N; with N; ).
If the set IN; has width 3 and, in Table 2, it is indicated that ¢ = j', then this means that the procedure described
above should be applied not to /V; and N; but to their connected components (direct terms) of width 2. The same
is true for the case i = j”.

Any posets S and T obtained from each other as a result of operations of this sort are called 0 -isomorphic.
Excluding the sets with the numbers ¢ = j’ and 7 = j” from Table 2, we obtain the description of N P -critical
sets to within 0 -isomorphism and duality.

The same is true for Table 1.

3. Min-Equivalent Posets

We now present several facts about min-equivalent posets. This type of equivalence was introduced by one of
the authors (V.B.) in [7]. Its detailed investigation was carried out in [10].

Let S be a poset. For the minimum element a € S, by Sl we denote a poset that coincides with S as a set
with the same relation of ordering on S\ {a} but, in S,l, the element a is already the maximum element and, in
addition, a is comparable with x in T if and only if @ is incomparable with = in S. We write S;ZT, instead of
(S}, ST instead of ((S1)))!, ete.

A poset T is called min-equivalent to a poset S if T' is equal to a certain poset of the form

S=81lu ., p>0,
where z; is the minimum element of Sﬁi?j..xiq forany i € {1,...,p}. For p =0, we assume that S = S. It
is not required that the elements x1, 2, ..., x;, must be different.

The min-equivalence of posets is denoted by =iy, .

Note that the notion of min-equivalence can be naturally extended to the notion of min-isomorphism if we
assume that the posets S and S’ are min-isomorphic if there exists a poset 7' min-equivalent to S and isomorphic
to 5.
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Let S be a poset. A finite sequence o = (x1,2,...,x,) of elements z; € S is called min-admissible if the
expression S = S;I;Ju,xp is meaningful (the case p = 0 is not excluded). In this case, we also write S = S(E.

The set of all min-admissible sequences is denoted by P(.S) and the set of all sequences of this sort without
repetitions by P;(S). Let [a]s be a subset in S formed by all elements z; of the sequence o € P;(S). Note
that, for the min-equivalent posets S and T, a sequence « € P;(S) such that T = SJ, does not always exist (see
[10], Sec. 6).

A subset X is called lower if x € X whenever v <y and y € X. The notation X <Y for the subsets S
means that x <y forany x € X and y € Y. Note that Z < & and & < Z for any subset Z.

According to Corollaries 5 and 9 from [10], the following two assertions are true:

(1) in Py(S), there exists a sequence « such that [o]s = X if and only if X is a lower subset;
(2) if o, € P1(S) and [a]s = [A]s, then S = 5.

Hence, for the lower subset X, one can naturally define the poset S;( by setting S; = S,L, where o € P1(.5)

is an arbitrary sequence such that [a]g = X. Itis easy to see (Proposition 6 in [10]) that a < b in S = Sg( if and
only if one of the following conditions is satisfied:

(@ a<bin S andeither a,b € X or a,b ¢ X;

(b) axbin Sand be X,a ¢ X.

This, in particular, implies that if Z is a lower subset in X such that Z < S\ X, then Z is a lower subset
also in S;(.

An algorithm for the description of all posets min-equivalent to a fixed poset S is proposed (and justified) in
[10]. This algorithm consists of the following steps:

I. To describe all lower subsets X # S in S and construct the poset S;( for each of these sets.

II. To describe all couples (Y, X) formed by a proper lower subset Y in S and a nonempty lower subset
X in Y suchthat X < S\Y and construct, for each couple of this type, the poset SfoTX = (Sg,)g(

III. To select a single poset from each class of isomorphic sets in the families of posets constructed in Steps I
and II.

Subsets X and X’ indicated in Step I are called strongly isomorphic if there exists an automorphism ¢: S —
S such that p(X) = X’ (as subposets). Similarly, two couples (Y, X) and (Y’, X’) indicated in Step II are called
strongly isomorphic if there exists an automorphism ¢: S — S such that p(Y) =Y’ and p(X) = X'. Clearly,
it suffices to describe the subsets in Step I and the couples of subsets in Step II to within a strong isomorphism.

4. Proof of Theorem 1

First, we formulate one of the two main results obtained in [15] and used in what follows.
It is known that the following posets (in [15], they are called the critical Nazarova posets) play an important
role in the theory of representations:

N1 ={1,2,3,4,5}, where all elements are pairwise incomparable:

o O O O O



DESCRIPTION OF POSETS CRITICAL WITH RESPECT TO THE NONNEGATIVITY OF THE QUADRATIC TITS FORM 737

N2:{152535475|4<5}:

OOOE

N3 ={1,2,3,4,5,6,7|1 <2,3<4,5<6<T}:

I

Ni={1,2,3,4,56,7,8/2<3<45<6<7=<8}:

O

Ns ={1,2,3,4,5,6,7,8,9]2 <3,4<5<6<7<8=<9}:

0 b

Ne ={1,2,3,4,5,6,7,8,9/1 <2<3<4<56=<7,8<9,6=<9}:

Vi

We can now formulate the required result from [15].

Theorem 2. A poset S is N P-critical if and only if it is min-equivalent to a critical Nazarova poset.
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Thus, all N P-critical posets can be obtained as follows: It is necessary to take all critical Nazarova sets and
describe all posets min-equivalent to each of these sets (in what follows, we always say “all” instead of “all to
within an isomorphism™). However, if we use solely the definition of min-equivalence, then it is not completely
clear how to realize the corresponding process in practice (because, from the formal point of view, it is infinite). To
do this, we use the algorithm outlined in the previous section.

We now directly proceed to the proof of Theorem 1.

Step 1. We describe (to within a strong isomorphism) all lower subsets in the critical Nazarova sets N7 —Nj
(see Sec.4):

for Nl A171 =, ALQ = {1}, Al’g = {1,2}, A174 = {1,2,3}, and A1’5 = {1,2,3,4};

for No Ag1 =@, Aso = {1}, Asz={4}, Asy=1{1,2}, Ao5={1,4}, Ase=1{4,5}, Aa7={1,2,3},
AQ,S = {17 274}7 A279 = {17475}7 A2,10 = {1727374}7 and AQ,ll - {1727475}a

for Ng A371 =d, A372 = {1}, A3,3 = {5}, A374 = {1,2}, A375 = {1,3}, A376 = {1,5}, A377 = {5,6},
A3,8 = {1,2,3}, Ag’g = {1,2,5}, A3’10 = {1,3,5}, A3711 = {1,5,6}, A3,12 = {5,6,7}, A3713 =
{1,2,3,4}, A3714 = {1,2,3,5}, A3,15 = {1,2,5,6}, A3716 = {1,3,5,6}, A3,17 = {1,5,6,7},
As s ={1,2,3,4,5}, Asi19=1{1,2,3,5,6}, A3 ={1,2,5,6,7}, Az21 ={1,3,5,6,7}, As2 =
{1, 2, 3,4, 5, 6}, and A3723 = {1, 2, 3, 5, 6, 7};

for N4 A471 = @, A4,2 = {1}, A4’3 = {2}, A4’4 = {5}, A4’5 = {1,2}, A476 = {1,5}, A4?7 =
{2,3}, Asg = {2,5}, As9 = {5,6}, As10 = {1,2,3}, As11 = {1,2,5}, As12 = {1,5,6},
A4,13 = {2,3,4}, A4714 = {2,3,5}, A4’15 = {2,5,6}, A4716 = {5,6,7}, A4’17 = {1,2,3,4},
Agis = {1,2,3,5}, Asi9 = {1,2,5,6}, Aso0 = {1,5,6,7}, Asor = {2,3,4,5}, As =
{2,3,5,6}, As23 ={2,5,6,7}, As4 = {5,6,7,8}, Asos = {1,2,3,4,5}, Asz = {1,2,3,5,6},
Agor = {1,2,5,6,7}, A48 = {1,5,6,7,8}, As2 = {2,3,4,5,6}, Asz0 = {2,3,5,6,
7y, Asz = {2,5,6, 7, 8}, As3z = {1,2,3,4,5,6}, As33 = {1,2,3,5,6,7}, Ayzs =
{1,2,5,6,7,8}, A435 = {2,3,4,5, 6, 7}, Aszs = {2,3,5,6,7,8}, Aszr = {1,2,3,
4,5,6,7}, Ag3s=1{1,2,3,5,6,7,8}, and Ay39 = {2,3,4,5,6,7,8};

for N5 A571 = J, A5’2 = {1}, A573 = {2}, A574 = {4}, A575 = {1,2}, A5,6 = {1,4},
A577 = {2,3}, A578 = {2,4}, A579 = {4,5}, A5710 = {1,2,3}, A5711 = {1,2,4}, A5712 =
{1,4, 5}, A5’13 = {2,3,4}, A5’14 = {2,4,5}, A5715 = {4,5,6}, A5’16 = {1,2,3,4}, A5717 =
{1,2,4,5}, As1s = {1,4,5,6}, As19 = {2,3,4,5}, As2 = {2,4,5,6}, As21 = {4,5,6,7},
As90 = {1,2,3,4,5}, A5723 = {1,2,4,5,6}, A5’24 = {1,4,5,6,7}, A5725 = {2,3,4,5,6},
As06 = {2,4,5,6,7}, Asor = {4,5,6,7,8}, As28 = {1,2,3,4,5,6}, As2 = {1,2,4,5,6,7},

A5,30 - {17475767778}7 A5,31 == {27374757677}7 A5,32 - {27475767778}7 A5,33 - {475767
77879}a A5,34 = {17273a4a5a677}7 A5,35 = {1723435767 77 8}7 A5,36 = {174353637787
9}7 A5,37 = {273747576777 8}7 A5,38 = {2747576777 87 9}7 A5,39 = {172737475767 778}7 A5,40 ==

{1,2,4,5,6,7,8,9}, and As.4 = {2,3,4,5,6,7,8,9};

for Nﬁ A671 = @, A6’2 = {1}, A6’3 = {6}, A674 = {8}, A6’5 = {1,2}, A6,6 = {1,6}, A6,7 =
{1,8}, Ass = {6,7}, Aso = {6,8}, As10 = {1,2,3}, As11 = {1,2,6}, Ag12 = {1,2,8},
Ag1z = {1,6,7}, As1a = {1,6,8}, As15 = {6,7,8}, As16 = {6,8,9}, As17 = {1,2,3,4},
Asis = {1,2,3,6}, Agi9 = {1,2,3,8}, As20 = {1,2,6,7}, As21 = {1,2,6,8}, Ag2 =
{1,6,7,8}, Ag23 = {1,6,8,9}, Ag24 = {6,7,8,9}, As2s = {1,2,3,4,5}, As26 = {1,2,3,4,6},
Asor = {1,2,3,4,8}, As2s = {1,2,3,6,7}, As20 = {1,2,3,6,8}, Asz0 = {1,2,6,7,
8}, As3z1 = {1,2,6, 8, 9}, A3z = {1,6,7,8,9}, A3z = {1,2,3,4,5,6}, As31a =
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{1,2,3,4,5,8}, As3s = {1,2,3,4, 6, 7}, Aszs = {1,2,3,4,6,8}, A3y = {1,2,3,
6,7,8}, Aess = {1,2,3,6,8,9}, Aszo = {1,2,6,7, 8, 9}, Aga0 = {1,2,3,4,5,6,7}, Aga1 =
{1,2,3,4,5,6,8}, Asa2=1{1,2,3,4,6,7,8}, Aga3 ={1,2,3,4,6,8,9}, Asas ={1,2,3,6,7,8,9},
Agas =1{1,2,3,4,5,6,7,8}, Aga6 =1{1,2,3,4,5, 6, 8, 9}, and Ag a7 = {1,2,3,4,6,7,8,9}.

By N;; we denote the poset S}( for S = N; and X = A; ;. Then it is easy to see that N171
Nig & Nig, Mg = Nus, Nig =2 NP N5 & NB, Nog & Nipg, Nop =2 Nyg, N &
Nog = NP, Nos = Nua, Nog = Nay, Nog = NT, Nog & NiY, Nog & Ny, Nojg & Nty Nopp &
NP, Ns1 = Nag, Nio = Nag, Nss = Nsog, N3ag & Ny, Nis = Nz, Nig = N52, N3z = N477

R 1R
=

~ op ~ ~ op ~ ~ ~Y ~
Nzg = NgP, N3g = N7, Niig = Ngj, Nzix = Nsi, Nsi2 & Ny, Niqs & NoP, Nag & NiY,
O O O
Nais = NP, Nzie = Nsa, Nagr = Ng, Nzig = N7, Nijg = Ngy, Nygo = NP, Ny = Ngy,
O O O
N300 2 N&. Naos =2 N&. Nut = Nss, Nyo = Niz, Niyg = Neo, Naa = Ngs, Nas = NP Nyg &

(6} ~ ~ ~ ~ (0} ~ (0} ~ (0} ~
NP, Niz = Nss, Nig = Ngg, Nig = Neo, Nuio = N3, N & Ngg, Nuig & Ny, Niig & Nig,

Ni1a = Nes, Nais = Nes, Nate =2 Nog, Nair & NP, Nuis & Ngy, Niig & NgPo Nigo & NyY,
Nior = Nig, Niso = Nez, Nios = Nea, Naogs = Ny, Nios = Nop, Niss & Ngy, Naor = NgP,
Niogs = N7, Nagg = Nig, Naso = Nes, Nagi = Nig, Naga = Ngy, Nass & Ngb, Nisa = Ni§,
Nigs & Nig, Nase = Nis, Nagr = Ngy, Nass & Ngy, Nagg & NiP. N1 = Npg, Nso & Nop,

O O O
N3 Noa, Noa = NGy, Nos = Nyy, Nsg = Nag, N5z = Nog, Nsg= Nos, Nsg = Nga, Ns10= Ny,

Nsa1 = Noa, Nsi2 = Nai, Nsiz = Nog, Nsia = Nog, Nsis = Ngo, Nsie = NoP, Nsir & Nijp,
Nsis = N3y, Nsig & Nog, Nsao = Nog, Nso1 & Niz, Nsoo = NpPo Nsoz = Ngb', Nsoa = Nog,
Ns25 & Nao, Nso6 = Nigt, Nsor = Npi, Nsos = Ngbo Nsog = Ngbo Nsso & Noo, Nssi & Ny,
Ns32 = NP, Nsss = Nig, Nsga = Ngby, Nsss = Ngv, Nyse & Nobo Nsar = Nob'o Nssgs = Nos,
Nssg & Ngy, Nsao & NJJ, Nsar = Ny¥, Nei = Ngs, Nea2 = Nos, Nes = Nrg, Noa = Nyv,
Nes = Noi, Nog = Nos, No7 = Niti, Nos = Nsz, Nog = NP Ngio & Ngo, Noi1 = Nioos
Ne,12 = Nito, Nz = Ng, Nojaa = Nips, Neis = Niby Nejae = Nag, Neir = Ngg, Nois = Nioz,

Nuo, Noo1 = N7J-o N2 = Nibs, Noog = Nibe, Nooa = Ngy, Noos = Nag,

Nigs, Neos = Nib, No2g = Nior, Noso = Nigns Nesi = Nig, Nes2 = Nep,

= Nsg, Ness = N, Nese = N106, Nesr = Nigo, Ness = Nilys Nego = Ngy,

" >~ N3P Nea1 = Nis, N642 Ng?, N643 NPy Noas = Nt Noas =2 Nop, Neae = No7, and
6,47 = Ng¥.

1R IR

Step II. We now describe (to within a strong isomorphism) all couples (Y, X') of proper lower subsets in the
critical Nazarova sets Ny—Ng suchthat X CY and X < S\Y (for N7, these couples are absent):

for No Bo1 = (A2,10,{4});
for N3 Bs1 = (A31s,{5}), Bs2=(A32,{5}), B33 = (A32,{5,6}), and B3 = (4323, {3});

for Ny Bai = (A425,{5}), Ba2 = (A432,{5}), Baz = (Aa32,{5,6}), Baa = (As34,{2}), Bas =
(A437,{5}), Bas = (Aa37,{5,6}), Bazr = (Aa37,{5,6,7}), Bsg = (Aaz3s,{2}), and Bsg =
(A4 3s,{2,3});

for N5 Bs1 = (As.6,{4}), Bsp2 (As522,{4}), Bsz = (As52,{4,5}), Bsa = (As2s,{4}),
Bss = (A528,{4,5}), Bsg = (As528,{4,5,6}), Bsz = (As534,{4}), Bss =
(As534,{4,5}), Bsyg = (As534,{4,5,6}), Bsio = (A534,{4,5,6,7}), Bsu =
(A530,{4}), Bsi2 = (As530,{4,5}), Bsiz = (A530,{4,5,6}), Bsuu = (As539,{4,

5,6,7}), Bsi4a = (As39,{4,5,6,7,8}), and Bs 16 = (As.40, {2});

for N6 Bs1 = (A632,{1}), Bs2 = (As639,{1}), Bs3 = (Ae39,{1,2}), Bea = (A641,{6}), Bss =
(A644,{1}), Bse = (Ae644,{1,2}), Ber = (A644,{1,2,3}), Bsg = (A645,{6}), Bso =
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(A6,45,{8}), Be,10 = (As45,{6,8}), Bs11 = (A6u46,{6}), Bei12 = (A6a7,{1}), Bs13 = (As a7,
{1,2}), Bg1a = (A647,{1,2,3}), and Bg 15 = (Ae.47,{1,2,3,4}).

By N, we denote the poset (S{,); for S = N and (Y, X) = B; ;. Thenitis easy to see that Nj ; = Ny,
Né,l = N??p’ N§72 = Nus, Né,S = N3, Ni,374 = Ns, Nzll,l = NS())pv Nzll,z = Né)%)’ N4/173 = Nio, Néi,ﬁl = Nf;>
Nis = Nei, Njg = N5z, Niz = Ng, Nig = Nsg, Njg = Nia, Nij = Nyy, Ny, = Npy, Ny =
Ny, Ngy4 = Nig, Ngs = Ny, Ngg = Nao, Nyjp = Ngp', Ny = Nrg, Nyg = Nz, Npjg = Noi,
Né,u = Ngs, Né,m = Ngi, Né,13 = Nrs, Né,14 = Npo, Nsl),ls = No, Né,lﬁ Nog, Né,1 = N:(;?fv
NE/’),Q = Ng%’, Né,:s = N:?fa Né,4 = N3s, Nf/s,s = Ngéj, NE/‘),G = Ngs, Né,7 = Naa, Né,s = Nios, Né,g = N??éja
Ng 10 = N3g, Ngi1 = Nas, Ng o = Noa, Ng 3= Noo, Ngiq = Nsz, and N ;5 = Nas.

11

Step 111. 1t is easy to see that each poset N; and NZ.OP, where ¢ = 1,2,...,115, appears only once in Steps I
and II (moreover, if N;® = N;, then N; is present but N, is absent).

Theorem 1 is thus proved.

5. Tables

Table 1. P-Critical Posets

7 8 9 10 11=10’ 12=10"

13 14=13’ 15 16 17 18
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Table 1
(continued)
19 20 21 22=21" 23=21" 24
L
L L
e e
L L
L L L
25=24/ 26 27=26/ 28 29 30
L
L
L
e
31 32 33 34 35 36
LI M D] :
37=36 38 39 40 41 42
e
L] I L L ] I
43 44=43 45=43" 46 47 48
e
[
[ ] J [ ] L [ ] ? [ ] A ° J [ ]
49 50=49’ 51 52=51/ 53 54
I J | ] !
55 56 57 58 59 60

N

=

%_m

=

741
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Table 1
(continued)

61 62 63 64 65 66
67 68=67" 69 70=69' 71 72
: : I I l Q

73 74 75

L] [ ] L]
Table 2. N P-Critical Posets

1 2 4 6
7 8 10=8" 12=11'

3=2'
9=8'

L
|
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Table 2
(continued)

N

s I AN N

= N N

13 14 15 16 17 18

19 20=19’ 21=19" 22=19" 23 24=23"
25 26 27 28 29 30

31 32 33=32' 34=32" 35 36=35"
37 38=37 39 40 41 42=41'
ﬁ

743
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Table 2
(continued)

43 44 45 46 47 48=47"

A7
M|

59=>58'

J
A

=
2
|

4 5 5 52 5

55 56 57=56' 5

I

e S MU AN
N e
T

/
)

Ry
Jﬁ

61=60" 62 63 64 6 6
67 68 69 70 7 72=T1'

sl
=

73=T2" 7 7 76 77 78=TT"

| IJ
/

79="77" 80 81=80’ 82 83=82' 84

/

T

S
<.

S
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1.

Table 2
(continued)
85 86 87=86 88=86" 89 90=89"
20 J : : % I J I E
91 92=91" 93 94 95 96
97 98 99 100 101 102
103 104 105 106 107 108
109 110 111 112 113 114

S

<~

o o o I

. I\

AN

=

1

o O O o O

REFERENCES

P. Gabriel, “Unzerlegbare Darstellungen,” Manuscr. Math., 6, 71-103, 309 (1972).

745



746

10.

11.

13.

14.

15.

V. M. BONDARENKO AND M. V. STEPOCHKINA

S. Brenner, “Quivers with commutativity conditions and some phenomenology of forms,” in: Proc. of the Internat. Conf. on Repre-
sentations of Algebras, Carleton University, Ottawa (1974), Paper No. 5.

Yu. A. Drozd, “Coxeter transformations and representations of posets,” Funkts. Anal. Prilozhen., 8, 34—42 (1974).

M. M. Kleiner and A. V. Roiter, “Representations of differential graded categories,” in: Matrix Problems [in Russian], Institute of
Mathematics, Academy of Sciences of the Ukrainian SSR (1977), pp. 5-70.

L. A. Nazarova and A. V. Roiter, “Representations of posets,” Zap. Nauch. Semin. LOMI, 28, 5-31 (1972).

V. M. Bondarenko and A. M. Polishchuk, “On the criterion of positive definiteness for one class of infinite quadratic forms,” Nelin.
Kolyv., 6, No. 1, 3-14 (2003).

V. M. Bondarenko, “On (min, max)-equivalence of posets and applications to the Tits forms,” Visn. Kyiv Univ., Ser. Fiz. Mat., No. 1,
24-25 (2005).

V. M. Bondarenko and M. V. Styopochkina, “On posets of width two with positive Tits form,” Algebra Discrete Math., No. 2, 11-22
(2005).

V. M. Bondarenko and M. V. Stepochkina, “Posets of the injective-finite type,” Nauk. Visn. Uzhhorod Univ., Ser. Mat. Inform., Issue 9,
15-25 (2005).

V. M. Bondarenko and M. V. Stepochkina, “(Min, max)-equivalence of posets and the quadratic Tits form,” in: Collection of Works
“Problems of Analysis and Algebra,” Institute of Mathematics, Ukrainian National Academy of Sciences, 2, No. 3 (2005), pp. 18-58.
V. M. Bondarenko and M. V. Styopochkina, “On finite posets of inj-finite type and their Tits forms,” Algebra Discrete Math., No. 2,
17-21 (2006).

V. M. Bondarenko and M. V. St’opochkina, “On the serial posets with positive-definite quadratic Tits form,” Nelin. Kolyv., 9, No. 3,
320-325 (2006).

V. M. Bondarenko and M. V. St’opochkina, “On the form of posets with positive-definite Tits form,” Visn. Kyiv Univ., Issue 3, 11-14
(2006).

V. M. Bondarenko and M. V. St’opochkina, “On the relationship between the inj-finiteness of the type and positive-definiteness of the
quadratic Tits form for finite posets,” Nauk. Visn. Uzhhorod Uniyv., Issue 12, 20-27 ( 2006).

V. M. Bondarenko and M. V. Stepochkina, “(Min, max)-equivalence of posets and nonnegative Tits forms,” Ukr. Mat. Zh., 60, No. 9,
1157-1167 (2008).



