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Abstract

Let A be a basic connected finite dimensional algebra over an algebraically closed field k. Assuming
that A is monomial and that the ordinary quiver @ of A has no oriented cycle and no multiple arrows, we
prove that A admits a universal cover with group the fundamental group of the underlying space of Q.

Introduction

Let A be a finite dimensional k-algebra where k is an algebraically closed field. In order to study the
category mod(A) of (left) A-modules, one may assume that A is basic and connected. When C — A is
a Galois covering with C locally bounded, the covering techniques introduced in [3] and [12] allow one
to reduce the study of (part of) mod(A) to the study of mod(C) and which is easier to handle (see for
example [4], [6], [7]). Hence, Galois coverings of A behave like Galois coverings of topological spaces and
one can wonder if A admits a a fundamental group and a universal Galois covering, i.e. a Galois covering
C — A with C connected and locally bounded and which is factorised by any other Galois covering. Such
a universal Galois covering exists if A is of finite representation type (see [6]). Moreover, a fundamental
group 71(Q,I) associated with any admissible presentation kQ/I ~ A with quiver and relations I was
defined in [11]. This group is constructed using a homotopy relation ~; like in the topological situation
and is the group of a Galois covering of A defined by the presentation kQ/I ~ A. However, the group
m1(Q, I) depends on (Q,I) and there exist examples of algebras A with different presentations having
non isomorphic fundamental groups. In a previous text ([9]), the author has compared the fundamental
groups associated with different presentations of the same algebra. This study showed ([9, Thm. 1]) that:
if A is triangular (i.e. its ordinary quiver @ has no oriented cycle) and without double bypass, and if k has
characteristic zero then A admits a presentation kQ/Io ~ A such that the fundemantal group m1(Q,I)
of any other presentation kQ/I ~ A is a quotient of 71(Q, Ip). Under the same hypotheses, this study
showed ([9, Thm. 2]) that: the Galois covering with group m1(Q, Io) of A defined by the presentation
kQ/Iy ~ A satisfies a factorisation property with respect to the Galois coverings of A similarly to the
universal cover of an arcwise connected topological space. Recall ([2]) that a bypass in a quiver is a couple
(o,u) where a # u, « is an arrow of @, and w is a path parallel to a. Recall also ([9]) that a double
bypass is 4-tuple (o, u, 3,v) where (o, u), (8,v) are bypasses such that the arrow 3 appears in the path
u.

The aim of the present text is to extend [9, Thm. 2] to monomial algebras without using conditions
on the characteristic of the field or on the double bypasses. Recall that A is called monomial if it admits
a presentation kQ/Iop ~ A where Iy is an ideal of kQ generated by a set of paths. Notice that for such
an algebra, [9, Thm. 1] cited above is obvious. Indeed: for any bound quiver (@, I), the group m1(Q,I)
is a quotient of the fundamental group 71(Q) of the underlying graph of @, and these two groups are
isomorphic if I is generated by a set of paths. On the other hand [9, Thm. 2] is less obvious because it
carries a linear setting which is not encoded in the fundamental group. With this setting, we prove the
following theorem which is the main result of this text:

Theorem 1. LetQ be a quiver without otiented cycle and without multiple arrows. Let Iy be a monomial
ideal of kQ. Let C — kQ/Io be the Galois covering with group m1(Q) associated to the universal Galois
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covering of (Q,Io) (see [11]). For any Galois covering C — kQ /Iy with group G and with C connected
and locally bounded, there exists a commutative diagram of k-categories and k-linear functors:
c

.

c

|

kQ/Io —— kQ/Io

where kQ /Iy = kQ/Io is an isomorphism of k-algebras, restricting to the identity map on the set Qo of
vertices and where C — C is a Galois covering with group N a normal subgroup of m1(Q) such that there
exists an exact sequence of groups: 1 — N — m1(Q) — G — 1.

As said before, the above theorem is interesting because it gives a class of algebras for which a universal
Galois covering exists and which is not defined using double bypasses. Moreover, the proof of Theorem 1
allows us to prove, under the same assumptions, that the quiver I' of the homotopy relations of A (see [9,
Def. 2.4]) has a unique source. Recall that the unicity of the source of I" was proved in [9] for algebras
without double bypass over a zero characteristic field. In order to prove Theorem 1, we will compare the
fundamental groups of the admissible presentations of kQ/Io using the fact that Ip is monomial. More
precisely, we will use the arguments of the proof of [9, Thm. 2]. This proof essentially uses the fact that
for an admissible presentation kQ/I ~ kQ/Io, there exists a sequence of @n,...,p1 of transvections of
k@ such that:

() I =pn...01(1o),
(31) if we set I; := ;... ¢1(lo), then m(Q, ;) is either isomorphic to or a quotient of 71 (Q, I;—1).

Recall ([9, Sect. 1]) that a transvection is an automorphism ¢a,u,- of k@ defined by a bypass (a,u) and
a scalar 7 € k. In order to show the existence of the above sequence of transvections, we will prove the
following facts:

1. There exists a suitable ordering on the set of bypasses such that if ¢ € Aut(kQ) is a product of
transvections, then ¢ can be written uniquely as ¥ = @a,,,uprn - - - Paq,ur,m With 71,..., 7 € k™ and
(an,un) > ... > (01, u1).

2. If kQ/I ~ kQ/Iy then there exists a unique product of transvections 1; verifying simple technical
conditions and such that ¥;(lo) = I (this step will intensively use the fact that Iy is monomial).

3. If kQ/I ~ kQ/Io, the unique ordered sequence of transvection given by 1. and whose product equal
1 verify the conditions (7) and (i¢) above.

The second step is particularly interesting. Indeed, in general, if Iy and I are admissible ideals (without
assuming monomiality) such that kQ/Io ~ kQ/I, then, there are various automorphisms ¢ € Aut(kQ)
such that ¢(I) = J, whereas in the present situation, the monomiality of Ip gives us a distinguished and
uniquely characterised automorphism 7 such that ¥7(lo) = I.

The text is organised as follows. In Section 1 we recall all the notions that we will need to prove
Theorem 1. In Section 2, we will prove some combinatoric facts on the paths in a quiver. These will lead
to the order and to the decomposition of the first step above. In Section 3 we will prove the second step
above. Finally, in Section 4 we will prove the last step and Theorem 1.

1 Basic definitions

A k-category is a category C whose objects class Cop is a set, whose space of morphisms from x to
y (denoted by 4Cz) is a k-vector space for any z,y € Co and whose composition of morphisms is k-
bilinear. All functors between k-categories will be assumed to be k-linear functors. In particular, Aut(C)
will denote the group of k-linear automorphism of C, and we shall denote by Auto(C) for the subgroup
{Yp € Aut(C) | Y(x) = x for any = € Co} of Aut(C). Let C be a k-category, C is called connected if C
cannot be written as the disjoint union of two full subcategories. An ideal I of C is the data of subspaces
yIz C yCs (for any z,y € Co) such that fgh € I whenever f, g, h are composable morphisms in C such that

g € I. We say that C is locally bounded provided that: 1) for any € Co, the vector spaces @ 4Cq
y€Co



and €@ .Cy are finite dimensional, 2) ,C, is a local algebra for any = € Co, 3) distinct objects are not
y€Co

isomorphic. Let A be a finite dimensional k-algebra and let {e1,...,e,} be a complete set of primitive
orthogonal idempotents. Then A is also a k-category as follows: Ag := {e1,...,€en}, ¢; Ae; := €;Ae; and
the composition of morphisms is induced by the product in A. Notice that different choices for the idem-
potents e1, ..., e, give rise to isomorphic k-categories. With this setting, the k-algebra A is connected
(resp. basic) if and only if the k-category A is connected (resp. locally bounded) as a k-category. In the
sequel we shall make no distinction between a finite dimensional k-algebra and its associated k-category.
If C is a locally bounded k-category, the radical of C is the ideal RC of C such that: ,RC. is the space of
non-isomorphisms ¢ — y in C, for any =,y € Co. The ideal of C generated by compositions gf where f
and g lie in RC will be denoted by R2C.

A Galois covering with group G of C (by C’) is a functor F': ¢’ — B endowed with a group
morphism G — Aut(C’) and such that: 1) the induced action of G on Cj is free, 2) F og = F for any
g € G, 3) for any k-linear functor F': C' — C” such that F' o g = F' for any g € G, there exists a
unique F’: C — C” such that ' o F = F’ (in other words, F is a quotient of C’ by C in the category of
k-categories). We shall say that F' is connected if C’ is connected connected and locally bounded (this
implies that C is connected and locally bounded). For more details on Galois coverings (in particular for

the connections with representations theory), we refer the reader to [3].

Quivers, paths, bypasses. A quiver is a 4-tuple Q@ = (Q1, Qo, s,t) where Q1 and Qo are sets and
s,t: Q1 — Qo are maps. The elements of Q1 (resp. of Qo) are called the arrows (resp. the vertices) of Q.
If @ € Q1, the vertex s(a) (resp. t(a)) is called the source (resp. the target) of a. The quiver @ is called
locally finite if and only if any vertex is the source point (resp. the target) of finitely many arrows.
For example, if C is a locally bounded k-category, the ordinary quiver of C is the locally finite quiver
Q@ such that: Qo := Cp and for any z,y € Co, the number of arrows starting at  and arriving at y is
equal to dimy yRCy/yR?Cy. A path in Q of length n (n > 0) with source x € Qo (or starting at x) and
target y € Qo (or arriving at y) is a sequence of arrows o, ..., an such that: x =y if n =0, s(a1) = =,
s(aitr1) = t(ay) for any ¢ € {1,...,n — 1} and t(an) = y. If n > 1 this path will be written ay, ...aq
and called non trivial. If n = 0 this path will be written e, and called stationary at x. The length of
this path is |u| := n. The mappings s,t are naturally extended to paths in Q. If u and v are paths, the
concatenation vu is defined if and only if t(u) = s(v) by the following rule: 1) vu = v is w is stationary, 2)
vu = u is v is stationary, 3) vu = Bm ... B1om...a1 if v =Bm ... 01 and u = ap ... a1 (With as, 55 € Q1).
Two paths in @ are called parallel whenever they have the same source and the same target. An ori-
ented cycle in @ is a non trivial path whose source and target are equal. We shall say that @) has
multiple arrows if and only if there exist in @ distinct parallel arrows. A bypass in @ is a couple (o, u)
where « € Q1 and where u is a path parallel to and different from «. A double bypass in @Q is 4-tuple
(o, u, B,v) where (o, u) and (3, v) are bypasses and such that the arrow 3 appears in the path w. In other
words, there exists paths w1, u2 such that u = uzBui1. When @Q has no oriented cycle, the paths w1, us are
unique for this property, and the path usvui will be called obtained from u = u2Bu; after replacing 3 by v.

Admissible presentations (see [3, 2.1]). A quiver Q defines the path category kQ such that
(kQ)o = Qo, such that ykQ is the k-vector space with basis the family of paths starting at = and arriving
at y, and the composition in k(Q is induced by the concatenation of paths. If r € ,kQ., a normal form
n

for r is an equality » = Y t;u; where t1,...,t, € k* and w1, ...u, are pairwise distinct paths in Q. With
i=1

this notation, the support of r is the set supp(r) := {u1,...,un} (with the convention supp(0) = 0).

A subexpression of r is a linear combination ) t;u; with £ C {1,...,n}. Later, we will need the
i€E

following fact: if r =r1+...4+7rn € ykQ< is such that supp(ri),..., supp(ry) are pairwise disjoint, then

ri; + ...+ i, is a subsexpression of r, for any indices 1 < 41 < ... < i < n. An ideal I of kQ is called

admissible provided that: 1) any morphism in I is a linear combination of paths of length at least 2,
2) for any vertex z, there exists an integer n such that any path starting or arriving at = and of length
greater than n lies in 1. A morphism in I is called a relation (of I). In particular, a minimal relation
of I (see [11]) is a non zero relation 7 of I such that 0 and r are the only subexpressions of r which are
relations. With this definition, any relation of I is the sum of minimal relations with pairwise disjoint
supports. If u € [ is a path, then u called a monomial relation. In particular, I is called monomial
if it is generated by a set of monomial relations. A pair (Q,I) where Q is a locally finite and I is an
admissible ideal of kQ is called a bound quiver. In such a case, kQ/I is a locally bounded k-category
and is connected if and only if @ is connected (i.e. the underlying graph of @ is connected). Conversely,



if C is a locally bounded k-category, then there exists an isomorphism kQ/I = C where (Q, I) is a bound
quiver such that @ is the ordinary quiver of C. Such an isomorphism is called admissible presentation
of C. If the ideal I is monomial, the admissible presentation and C are called monomial. Notice that C
may have different admissible presentations.

Fundamental group of a presentation (see [11]). Let (Q,I) be a bound quiver and let 2o € Qo.
For every arrow & — y € Q1 we define its formal inverse a ™! with source s(a™') = y and target t(a™') = .
With these notations, a walk in Q with source = and target y is a sequence ay,...,an (with n > 0)
of arrows and formal inverses of arrows such that s(a;) = t(a:—1) for any 4. If n > 0, this walk is denoted
by an ...a1. Hence paths are particular cases of walks and the concatenation of paths extends naturally
to walks. The homotopy relation of (Q,I) is the equivalence relation on the set of walks in @, denoted
by ~r and generated by the following properties:

— — «@ .
1. aa™ ~rey and a o ~g e, for any arrow 2 = y in Q,
2. u ~y v for any u,v € supp(r) where r is a minimal relation of I,

3. wvu ~1 wv'u for any walks w,v,v’,u such that v ~; v" and such that the concatenations wvu and
wv'u are well-defined (i.e. ~ is compatible with the concatenation).

The ~r-equivalence class of a walk « will be denoted by [y]r. Let m1 (@, I,z0) be the set of equivalence
classes of walks in @) with source and target equal to zo. The concatenation of walks endows this set with
a group structure (with unit es,) and this group is called the fundamental group of (Q,I). If Q is
connected, the isomorphism class of this group does not depend on zo € Qo and 71(Q, I, o) is denoted
by m1(Q, I). If C is a connected locally bounded k-category and if kQ/I ~ C is an admissible presentation,
the fundamental group 71 (Q, I) is called the fundamental group of this presentation.

Dilatations, transvections (see [9]). Let Q be a quiver. A dilatation of k£Q is an automorphism
D € Auto(kQ) such that D(a) € k™« for any o € Q1. The dilatations of kQ form a subgroup D of
Auto(kQ). Let (o,u) be a bypass in @ and let 7 € k. This defines a,u,r € Auto(kQ) as follows:
Pau,r(@) = a+ Tu and @au,(8) = B for any arrow 3 # «. The automorphism @a,.,- is called
a transvection. The composition of transvections is ruled as follows. Let @a,u,r and g 4 ./, then
oyu,rPaur’ = Pomrir and ook - = Pau—r. If (,u, 3,v) and (B, v,a,u) are not a double bypasses,
then Ya,u,r@s,v,r = P8,v,vPa,u,r If (a,u,B,v) is a double bypass and if @ has no oriented cycle, then
P8 vPau,r = Pau,rPa,wrvPse,w, Where w is the path obtained from w after replacing 8 by v. The
subgroup of Auto(kQ) generated by all the transvections is denoted by 7. Dilatations and transvections
are useful to compare different admissible presentations of the same locally bounded k-category because
of the following proposition:

Proposition 1.1. (see [9, Prop. 2.1, Prop. 2.2]) Let kQ/I ~ A and kQ/J ~ A be admissible presenta-
tions of the basic finite dimensional algebra A. If Q has no oriented cycle, then there exists 1 € Auto(kQ)
such that ¥(I) = J. Moreover, T is a normal subgroup of Auto(kQ) and Auto(kQ) =TD =DT.

The dilatations and the transvections were introduced because they allow comparisons between the
fundamental groups of presentations of the same locally bounded k-category:

Proposition 1.2. (see [9, Prop. 2.5]) Let I be an admissible ideal of kQ, let ¢ € Auto(kQ) and set
J =e(). If ¢ is a dilatation, then ~1 and ~; coincide. If ¢ = Ya,u,> is a transvection, then:

1. if o ~1ru and a ~j u then ~; and ~; coincide.
2. ifa by u and o~y u then ~j is generated by ~1 and o ~j u.
S ifadruand aqdyu then I =J and ~; and ~; coincide.

If there exists a transvection ¢ such that ¢(I) = J and such the second point above occurs, then we shall
say that ~j is a direct successor of ~j.

Here the expression “~ is generated by ~; and o ~; u” means that ~; is the equivalence relation on
the set of walks in @, compatible with the concatenation and generated by the two following properties: 1)
v~y =y~ 2) a~ru. Following [9, Def. 2.7], if A is a basic connected finite dimensional algebra
with ordinary quiver Q without oriented cycle, we define the quiver I' of the homotopy relations of
A to be the quiver such that I'o = {~; | kQ/I ~ A} and such that there exists arrow ~;—n~ if and
only if ~ is a direct successor of ~r. Recall ([9, Rem. 5, Prop. 2.8]) that I is finite, connected, without
oriented cycle and such that for any oriented path with source ~; and target ~, the identity map on
the walks in @ induces a surjective group morphism 71(Q,I) — 71(Q, J).



Grobner bases Let E be a k-vector space with an ordered basis (e1,...,en), let (e,...,e5) be
the associated dual basis of E*, and let F' be a subspace of E. A Grobner basis (see [1] for the ususal
definition) of F is a basis (71,...,74) such that:

1. 7; € ei; + Span(e; ; | < i;) for some i;, for any j € {1,...,7},
2. 11 < 12 <...<Z'7n7
3. e (ry) =0 for any j # 5.

d
It is well known that F' admits a unique Grobner basis. Also, r € F'if and only if: 7= 3 ej, (r)r;. In the
=1
sequel, we will use this notion in the following setting: E is the vector space with basis (for some order
to be defined) the family of non trivial paths in a finite quiver @ without oriented cycles and F is the
underlying subspace of E associated to an admissible ideal I of kQ. Notice that in this setting, if r €

and if u is a non trivial path, then: u € supp(r) < u*(r) # 0.

2 Combinatorics on the paths in a quiver

2.1 Derivation of paths

Definition 2.1. Let u = an ...a1 and v be paths in Q. Then v is called derived of u (of order t) if there
exist indices 1 < i1 < ... <1z < n and with bypasses (ai,,vi), ..., (ai,,ut) such that v is obtained from u
after replacing oy, by vy for each l:

V=0n...0;4+1Vt0G;—1 ... aiﬁlvlail,l e O 410106 -1 .. O

Remark 2.2. If a € Q1, then u is derived of « if and only if (a,u) is a bypass.

With the above definition, the following lemma is easily verified using the fact that @ has no multiple
arrows.

Lemma 2.3. 1. Ifv is derived of u with both orders t and t’, then t=t’.
2. If v is derived of u of order t then there exists a sequence of paths uo = u,u1,...,ur = v such that
u; s derived of u;—1 of order 1 for any i.
3. If v is derived of u of order t, then |v| > |u| + t.
4. If v is derived of u of order t and if w is derived of v of order t', then w is derived of u of order at
least t.
5. Let u,v,w be paths verifying:
e v is derived of u,
e w is derived of v,
e w is derived of u of order 1,
then we have:
U= uzaui, v=ubui, w= u26'ur
where ui,us are paths, (a, ) is a bypass and ' is derived of 0.
6. If v (resp. v') is derived of u (resp. of u') of order t (resp. t'), then v'v is derived of v'u of order
t' 4+ t, whenever these compositions of paths are well defined.
The following example shows that the inequality in the 4-th point of the preceding lemma may be an
equality.

Example 2.4. Let (a,u,3,v) be a double bypass. Let ui,usz be the paths such that u = u2Bu1. Then u
is derived of a of order 1, w := ugvu1 is derived of u of order 1 and w is derived of u of order 1.

2.2 Order between paths, order between bypasses

Now, we construct a total order on the set of non trivial paths in ). This construction is a particular
case of the one introduced in [5], also it depends on an arbitrary order < on Q1. We assume that this
order < is fixed for this subsection. We shall write < for the lexicographical order induced by < on the
set of nontrivial paths in Q). For details on the correctness of the following definition we refer the reader
to [5].



Definition 2.5. For a € @1, set:
W(a) = Card(B(a)) where B(a) = {(a,u) | (o, u) is a bypass in Q}
Foru=an...a1 a path in Q (with a; € Q1), let us set:
W(u) =W(an) + ...+ W(a)

These data define a total order < on the set of non trivial paths in Q as follows:

W(u) < W(v)

u<v& (¢ oor

W(u) =W () and u Qv
We shall also write < for the lexicographical order induced by < on the set of couples of paths.
Remark 2.6. Ifu and v are (non trivial) paths such that vu is well defined, then W (vu) = W (u)+ W (v).

Lemma 2.7. 1. If u,v,u’,v’ are paths such that v < u and v’ < u’ then v'v < v'u whenever these
compositions are well defined.

2. If (a,u) is a bypass, then W(u) < W(a). Sou < a.
3. Ifv is derived of u, then v < u.
4. If (a,u, B,v) is a double bypass and if w is the path obtained from w after replacing B by v, then:

(B,v) < (a,w) < (e, u)

Proof: 1) is a direct consequence of Definition 2.5 and Remark 2.6.
2) Let us write u = ap ... a1 with a; € Q1 for each i (hence a; # a; if i # j because @ has no oriented
cycle). Therefore:

. B(ai1),...,B(an) are pairwise disjoint,
W) =W(a) + ...+ W(an)
Notice that if (a;,v) € B(ai), then (o, an...ai41vai—1...a1) € B(a). Thus, we have a well defined

mapping:
0: B(a1)U...UB(an) — B(a)

(ai,v) — (4, Qn...Qi+10C5-1...01)
This mapping is one-to-one, indeed:
. if 8(ai,v) = 0(a;,v") with (a;,v), (a;,v") € B(a;) then:
Ap ...0;41005—-1...01 = An ... ai+11)/a7;71 L.o.an
and therefore (a;,v) = (ai,v'),
. if B(as,v) = 0(a;,v") with (ai,v) € B(as), (aj,v") € B(a;) and j < i, then:
An . ..Q;41005—1 ...01 = 0Aan ... aj+1v/aj,1 Loean

So:

vai—-1...01 = Q4 ... aj+1v'aj,1 Lo
Since v and a; are parallel and since @ has no oriented cycle, we infer that v = a,; which is impossible
because (ai,v) € B(as).
On the other hand, 6 is not onto. Indeed, if there exists (a;,v) € B(a;) verifying 6(a;,v) = (o, u), then:
Anp ...A1 = U =0n ... A;4100—1 ...0Q1
which implies a; = v, a contradiction. Since # is one-to-one and not onto, we deduce that:
W (u) = Card(B(a)) > Card(B(a1) U...U B(an)) = W(u)

This proves that W (u) < W(«) and that v < a.
3) is a direct consequence of 1) and of 2).
4) Let us write u = u2Bu1 (with w1, u2 paths) so that w = ugvui. From 2), we have:

W(a) > W(u) = W(ur) + W(B) + W(u2) > W(B)
So B < «a and therefore (3,v) < (o, w). Using 2) again, we also have:
W () = W (u2) + W (o) + W(ur) < W(uz) + W) + W (ur) = W(u)

So w < u and therefore (o, w) < (a, u) |



2.3 Image of a path by a product of transvections

In this paragraph, we apply the previous constructions to find an easy way to compute ¢ (u) when ¢ € T
and u is a path in Q. We begin with the following lemma on the description of 1(a) when ¥ € 7 and
a € Q1. Recall that @ has no multiple arrows and no oriented cycles.

Lemma 2.8. Let ¢» € T and let o € Q1. Then ¥(a) — « is a linear combination of paths parallel to o
and length greater than or equal to 2. In particular, o € supp(¢¥(a)) and o (Y (a)) = 1.

Proof: The conclusion is immediate if ¢ is a transvection because @ has no multiple arrows. The conclu-
sion in the general case is obtained using an easy induction on the number of transvections whose product
equal 1. |

The preceding lemma gives the following description of ¢(u) when ¢ € 7 and w is a path. We omit
the proof which is immediate thanks to Lemma 2.8 and to point 6) of Lemma 2.3.

Proposition 2.9. Let ¢y € T and let u = ap ...a1 be a path in Q (with a; € Q1 for any i). For each 1,
let:

mg

Plas) = a; + Z Aiyj Ui
j=1
be a normal form for y(as;). Then supp((u)) is the set of the paths in Q described as follows. Let
re€{0,...,n}, let 1 <i1 <...< i, <n beindices, for each l € {1,...,r} let ji € {1,...,m;}, then the
following path obtained from u after replacing ai, by u;, for each 1 belongs to supp(¥(u)):

An oo O 41U, O —1 ail+17.le Oéil—l e O 41U B —1 - O

Moreover, this path appears in ¥ (u) with coefficient:
)‘ilvjl s )\irvjr

As a consequence, ¥(u) — u is a linear combination of paths derived of u.
Remark 2.10. If («,u) is a bypass and if v € supp(YP(u) — u), then (o, v) is also a bypass and (a,v) <
(a, u).

Now we are able to state the main result of this paragraph. It describes ¥ (a) (o € Q1) using a
particular writing of ¢ as a product of transvections.

Proposition 2.11. Let (a1,u1) < ... < (an,un) be an increasing sequence of bypasses, let T1,...,Tn € k*
and set ) = Pap up,mn - - - Par,uy,m - For any a € Q1, there is a normal form for ¥(a):

Y(a) =a+ Z Till;

i such that a=«;

Proof: Let us prove that the conclusion of the proposition is true using an induction on n > 1. By
definition of a transvection, the proposition holds of n = 1. Assume that n > 2 and that the conclusion of
the proposition holds if we replace ¥ = @a,, un,mm - - - Pai,ui,m1 OY Lo 1sup_1,7m_1 - - - Pag,ug,m - Lherefore,
for « € @1, we have a normal form:

Pop_1tn_1,mn1 - Pagugm (@) =+ Z Tilli
i<n—1, a=a;
So:
P(Q) = Panunr (@ + Y TiPanunma () (4)

i<n—1, a=q;

Let i € {1,...,n—1}. Thanks to Lemma 2.7, the inequality (o, u;) < (an,un) implies that (as, i, an, un)
is not a double bypass. Thus, «a, does not appear in the path w;. This proves that:

(Viefl,...,n=1}) Papnup,mm (i) = u; (i)
The definition of @a,, u,,,, together with (i) and (4z), imply the equality:
Pla)=a+ Y T (ii)

It only remains to prove that the equality (7i7) is a normal form. Remark that all the scalars which appear
in the right-hand side of (i4¢) are non zero. Moreover, if i € {1,...,n} verifies &« = a, then a # u;, because



(v, u5) is a bypass. Finally, if 1 < i < j < nverify a = a; = «;, then (o, ui) = (ai, ui) < (o5, u5) = (o, uy)
so u; # uj. Therefore, (ii7) is a normal form for ¥ (a). |

When ¢ € 7 is like in Proposition 2.11, we shall say that v is written as a decreasing product of
transvections. Later we will prove that any ¢ € 7 can be written uniquely as a decreasing product
of transvections. The description in Proposition 2.11 will be particularly useful in the sequel. We end
this paragraph with two propositions concerning the description of ¥(r) when ¢ € 7 and r is a linear
combination of paths. The following proposition gives conditions for 1/)71(7"') to be a subexpression of r
when 7’ is a subexpression of ¥ (r).

Proposition 2.12. Let ¢ € T, let r € ,kQ. and let v’ be a subexpression of ¥ (r). Let ~ be the
equivalence relation on the set of paths in QQ generated by:
v € supp(Y(u)) = u~v
Assume that for any u,v € supp(¢¥(r)) verifying u ~ v we have:
u € supp(r’) & v € supp(r’)

Then ¢~ (r') is a subexpression of .

Proof: Let ~' be the trace of ~ on supp(r) and let us write supp(r) = c1 U...U ¢, as a disjoint union
of its ~'-classes. This partition of supp(r) defines a decomposition of r = r1 + ... + r, where r; is the
subexpression of r verifying supp(r;) = ¢;. For each i, let us fix a normal form:

3
ri =) tijui
i=1

so that we have the following normal form for r:

n o n;
r=3 ) tijuig

i=1 j=1
Let us set ] := 1)(r;). In order to prove that 1 ~!(r') is a subexpression of r, we will prove that there
exist indices 1 < 41 < ... <4y < n verifying ' =7}, +...+7}, (sothat "' (r') =7} +...+7r},). In this
purpose, we will successively prove the following facts:
1) u,v € supp(r;) = u ~ v, for any 1,
2) supp(ry),...,supp(ry,) are pairwise disjoint,
3) for each i, rj is a subexpression of ¥(r),
4) if i € {1,...,n} verifies supp(r’) N supp(r;) # O, then supp(r;) C supp(r’),
1) Let i € {1,...,n} and let u,v € supp(r;). So there exist u’,v" € supp(r;) such that v € supp((u’))
and v € supp()(v')). By definition of ~ and of r;, we deduce that:
u,v € supp(ri) = u ~ v (7)
2) Let 4,5 € {1,...,n} be such that there exists v € supp(r;) N supp(r}). So there exist u € supp(r;)
and v’ € supp(r;) such that v € supp(¢(u)) and v € supp(¢(u’)). This implies that u ~ v ~ v'. Since
u € ¢; = supp(r;) and u’ € ¢; = supp(r;), we deduce that ¢; = ¢; and therefore i = j. So:
i # j = supp(ri) N supp(rj) =0 (i)
3) We have 9(r) =] + ...+, so (ii) implies that:
7} is a subexpression of ¥ (r) for any 4 (47)
4) Let i € {1,...,n} and assume that there exists u € supp(r;) N supp(r’). If v € supp(r;) then u ~ v
thanks to (7). So, by assumption on r’, we have v € supp(r’). This proves that:
supp(r;) N supp(r') # 0 = supp(r;) C supp(r’) (iv)

Now, we can prove that ¢ ~'(r’) is a subexpression of 7. Thanks to (#i4), the elements 7,7, ..., 7/, are
subexpressions of 1(r). So (iv) and the equality (r) = ry + ... + r;, imply that there exist indices
1<ii <...<i<nmsuchthat ' =7 +...47,. So¢ ' (r') =1y, +...+74,. This proves that ¢» ' (1)
is a subexpression of r. |

The last proposition of this subsection gives a sufficient condition on u € supp(r) to verify u €

supp((r)).



Proposition 2.13. Lety € T, letr € ykQz and let u € supp(r). Then, at least one of the two following
facts is verified:

- u € supp(ip(r)),
. there ezists v € supp(r) such that u # v and such that v € supp(¢(u)).

As a consequence, if u is not derived of v for any v € supp(r), then:
w e supp((r)) and u*((r) = u* ()

n
Proof: Let us fix a normal form r = Z tiu; where we may assume that v = u;. Let us assume that

u & supp(¢(r)), i.e. u*(¢(r)) =0. RecaflTlfrom Proposition 2.9 that u*(¢(u)) = 1, so:
0=u"((r)) =tr+ ) tiu" (¥(us) (4)
i=2

Therefore, there exists ig € {2,...,n} such that u*(¢(us,)) # 0. So:
Uiy € supp(r), Ui, Zu1 =u and ui(Y(ui,)) #0

This proves the first assertion of the proposition. Now let us assume that u is not derived of v for any
v € supp(r). Let i € {2,...,n}. Since u = u1 # u;, Proposition 2.9 gives the following implications:

u € supp(Y(ui)) = u € supp(y(us) — ui) = u is derived of u;

By assumption on u, this implies that u*(¢(u;)) = 0 for any ¢ > 2. Using (i), we deduce the announced
conclusion: u*(1(r)) =t1 =u™(r) #0 |

2.4 Ordering products of transvections

In Proposition 2.11 we have seen that ¢ (a) may be easily computed when ¢ € 7 and o € Q1 provided
that 1 is written as a decreasing product of transvections. In this subsection, we will prove that any
1 € 7 can be uniquely written that way. Recall that < is an order on the set of non trivial paths in @
defined in Definition 2.5. We introduce first some notations.

Definition 2.14. Let (a,u) be a bypass. We set T (qn) and T¢(q,u) to be the subgroups of T generated
by the following sets of transvections:

{@ﬁ»U»T | (ﬁ,v) < (avu) and T € k} fOT T<(a,u)
{@ﬁvUvT | (/8,1)) < (a,u) and T € k} fO'I' Té(a,u)

Also, we define T(q, ) to be the following subgroup of T :
IZ—(a,u) = {@a,un’ | TE k}

Remark 2.15. - Tia,u 1s indeed a subgroup of T because Yo ,u,rPau,r’ = Pa,u,r++ fOr any T, ' ck.
Actually, the following mapping is an isomorphism of abelian groups:

ko — Taw
T [— Lp(l,'u,,7'
- T¢(ayu) s generated by To(a,u)y U Tia,u)-
. If (a,u) < (ﬂ7 'U), then Tg(a,u) g Tg(ﬁ,u) and T<(a,u) g T<(ﬁ,'u)~
T = U T<aw and if (Qm,um) is the greatest bypass in Q, then T = T¢(a,, u,) (Tecall that Q

(c,u)
has finitely many bypasses because it has no oriented cycle).

The following lemma proves that any 1) € 7 is a decreasing product of transvections.
Lemma 2.16. - Te(a,u) @8 a normal subgroup of T¢ (a,v), for any bypass (o, u).
. Let (a1,v1) < ... < (an,vn) be the (finite) increasing sequence of all the bypasses in Q. Then:
- T<(aiw) = Ttz vy 21,
- T<(a1,111) =1,



- TQ(%‘JM) = ,Zv(aiv'“i)lzv(ai—lvvi—l) s 7’(0’17'“1)'
Proof: Thanks to Remark 2.15, we only need to prove that if 7,v € k and if (3,v), (o, u) are bypasses
such that (8,v) < (o, u), then:
PpuvPau,r € ‘Pa,u,TT<(a,u) (*)
Let us distinguish two cases wether («, u, 3,v) is a double bypass or not. Notice that thanks to Lemma 2.7
and to the inequality (83,v) < (o, u) we know that (8,v, a,u) is not a double bypass. If (a,u,3,v) is a
double bypass, then we have from Section 1 (recall that @} as no multiple arrows):

Po,vvPau,m = Pau,rPa,w,rvPpB,v,v

where w is the path obtained from u after replacing 3 by v. Moreover, Lemma 2.7 implies that (3,v) <
(a,w) < (a,u). Therefore, (x) is satisfied when («,u,,v) is a double bypass. If (e, u,3,v) is not a
double bypass, then we know from Section 1 that:

Po,u,7PBw,v = PBv,vPau,r

So (%) is also satisfied when («, u, 3,v) is not a double bypass. |

Using the preceding lemma we are able to prove that any 1) € 7 can be uniquelely written as a
decreasing product of transvections.

Proposition 2.17. Let (a,u) be a bypass and let ¥ € T¢(a,u).- Then, there exist a non negative integer
n, a sequence of bypasses (a1,u1),. .., (Qn,un) and non zero scalars T1,...,m € k™ verifying:

(Z) 1/) = Pap,un,mn -+ @01 sUL,TL )

(1) (a1,u1) < ... < (on,un) < (o, u).
Moreover, the integer n and the sequence (1,u1,71),- .., (Qn,Un,Tn) are unique for these properties.

Proof: Thanks to Lemma 2.16 we know that there exist bypasses (a1, u1),..., (@n,us) and non zero
scalars 7i,...,7, € k™ such that (i) and (i7) are satisfied. So we only need to prove the uniqueness
property. Let A, B and T be the following sets:

A={aecQ|Y(a)#a}
B :={(a,u) | (a,u) is a bypass, a € A and u € supp(¢(a))}
T :={(a,u,7) | (0,u) € B and 7 = u*(¢(a))}

Notice that the definition of A, B,T depend on ¥ only (and not on the triples (o, ui, 75)). Let 8 € Q1.
Then Proposition 2.11 gives a normal form:

v(B) =B+ > Tilli
i such that S=a;

By definition of a normal form, we deduce the following equalities:

A={o1,...,an}
B = {(a1,u1),..., (an,un)}

T = {(Oél, ui, ’7’1)7 ey (an,un, Tl)}
This proves that n and (a1, u1,71),..., (Gn, un, ) are uniquely determined by the sets A, B,T (which
depend on ¥ only) and by the total order <. |

3 Comparison of the presentations of a monomial algebra

Let kQ/I ~ A be an admissible presentation of A. Thanks to Proposition 1.1, we know that there exists
1 equal to a product of transvections and of a dilatation and such that ¥(Ip) = I. The aim of this section
is to exhibit 11 the “simplest” possible among all the ¢’s verifying ¥ (Io) = I. We shall see that 1); verifies
a property which makes it unique. In order to find v¥; we will use specific properties of the Groebner
basis of I (due to the fact that Iy is monomial). So, throughout the section, < will denote a total order
on the set of non trivial paths in @, as in Definition 2.5. We begin by giving some useful properties on
the automorphisms ¢ verifying 1 (lo) = Io.
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Lemma 3.1. Let D € D be a dilatation. Then D(ly) = Iy. As a consequence, if kQ/I ~ A is an
admissible presentation, then there exists ¥ € T such that ¢ (lo) = I.

Proof: The first assertion is due to the fact that D(u) € k*u for any path u and to the fact that Io is
monomial. The second one is a consequence of the first one and of Proposition 1.1. |

Lemma 3.2. Let (a,u) be a bypass in Q. Then exactly one of the two following assertions is satisfied:
. Ya,u,r(lo) = Io for any T € k.
. @a,u,T(IO) 74— I() fOT’ any T e k*.

Proof: Assume that 7 € k* verifies va,u,~(lo) = Io and let p € k. Let v € Iy be a path. If o does not
appear in v, then ¢a,u,(v) = v € Ip. Assume that a appears in v, i.e. v = voaw: with vi,v2 paths in
which o does not appear (because @) has no oriented cycle). Therefore, Ya,u,r(v) = v 4+ Tvouvy. Since
Ya,u,r(lo) = Ip, we deduce that vouvi € Ip. This implies that Yo u,v(v) = v + vvouvy € Io. Since Iy is
monomial, we infer that ¢a,u,.(lo) = Io. [ |

Lemma 3.3. Let (a1,u1) < ... < (an,un) be an increasing sequence of bypasses, let T1,..., 7 € k* and
set Y = Pan, un,n - - Pagug,r - Lhen:
"/)(IO) =l & Pa;u,m (IO) = Io for any i

Proof: Let us assume that (o) = lo. Let i € {1,...,n}, let u=a,...a1 € Iy be a path (with a; € Q1)
and fix ¢ € {1,...,n}. We aim at proving that @a, u;,~ (u) € lo. If a; # «o; for any j € {1,...,7} then
Ya;uy,m(w) = u € Ip. Now assume that there exists j € {1,...,r} such that a; = «a; (j is necessarily
unique because @ has no oriented cycle). Therefore:

Pagug,r (W) = U+ Tilr ... Qj41UiQ5—1 - .. Q1 (7)

On the other hand, Proposition 2.9 and Proposition 2.11 imply that a, . ..aj+1usaj—1...a1 € supp(y(u)).
Thus, we have (recall that ¢(u) € Iy and that Iy is monomial):

Ar...0j+1U;Gj—1...01 € Iy (ZZ)
From (¢) and (4¢) we deduce that ¢a; u;,r (u) € Io for any path u € Iy. So Ya; u;,r (o) = Io for any 4.

The remaining implication is immediate. |

Remark 3.4. The three preceding lemmas imply that the group Auto(kQ,Io) defined as follows:

Auto(kQ, Io) = {¢ € Aut(kQ) | ¥(z) =z for any z € Qo, and ¥(lo) = Io}
is generated by the dilatations and by all the transvections preserving Io:
Auto(kQ, Io) =< DU{p | ¢ is a transvection such that ¢(lo) = lo} >
Now we give some properties on the Groebner basis of the admissible ideals I of kQ such that kQ/I ~
A. Recall that for such an I, there exists ¢ € 7 such that ¢ (o) = I (see Lemma 3.1).
Proposition 3.5. Let ¢ € T and let let I = ¢ (lo). Let Bo (resp. B) be the Groebner basis of Io (resp.
of I). Then By is made of all the paths in Q which belong to Io. Moreover, the mapping:

B — Bp
r +—  max(supp(r))

(%)

is well defined and bijective. For u € By, let us write v, € B for the inverse image of u under (x). Then
supp(ry — u) is a set of paths derived of u.

Proof: Let ui < ... < un be the increasing sequence of all the non trivial paths in Q. Let (r1,...,74)
be the Groebner basis of I and for each j € {1,...,d}, let i; € {1,...,n} be such that:

rj € ui; + Span(u 5 1 < i)

Since I is monomial, By is made of all the paths in @) belonging to Io.
Let j € {1,...,d}. Since u;; = max(supp(r;)), the path u;; is not derived of u for any u € supp(r;)
(thanks to Lemma 2.7). So Proposition 2.13 implies that w;; € supp(¢~'(r;)) € Io. Because I is
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monomial, this proves that u;; € Io. Therefore, the mapping (%) is well defined. It is also one-to-one
because of the definition of the Groebner basis of I. Now let us prove that (%) is onto. Let u € By.
Proposition 2.9 implies that v = maz(supp(p(u)). Since (u) € I, we deduce that there exists j €
{1,...,d} such that u = u;; = max(supp(r;)). This proves that (x) is onto and therefore bijective.

Let us prove the last assertion of the proposition. To do this, we will prove by induction on j €
{1,...,d} that the following assertion is true:

Hj : " supp(rj — ui;) is a set of paths derived of u;;”
Proposition 2.9 implies that for any j:
wi, = maz(supp(b(us))) and uf, (b(us)) = 1 (i

Moreover, ¥(u;;) € I because (x) is well defined and because 1/(lo) = I. Let us prove that Hi is true. Both
r1 and 9 (us, ) lie in I. Moreover, u;, = max(supp(r1)) by definition of u;, and u;; = max(supp(¢(us,)))
because of Proposition 2.9. So H; is true. Assume that j > 2 and that Hi,...,H;_; are true. Since
¥(ui;) € I and because of (i), we have:

T/J(Uij) =71+ Z u:j/ (E/J(Uij))rj/
i<,
ui,, € supp(y(ui;))
So:
vy — i, = () — i, - 3 ul, us,) [y = i) + s (id)
i <7,

ui;, € supp(i(ui;))
Notice that in the above equality:
(#i1) supp(p(us;) — ui;) is a set of paths derived of u;; (thanks to Proposition 2.9),
(iv) if j' < j verifies ui, € supp(¥(ui,)), then:
(v) wi, is derived of ui; (see (iii) above),

(vi) supp(rj — i, ) is a set of paths derived of u;,, (because Hj: is true) and therefore derived of
ui; (thanks to (v) and to Lemma 2.3).

The points (4¢) — (vi) prove that Hj is true. This proves that H; is true for any j € {1,...,d} and finishes
the proof of the proposition. |

Now we can state and prove the proposition giving the existence and the uniqueness of the automor-
phism 1; mentionned at the beginning of the section.

Proposition 3.6. Let kQ/I ~ A be an admissible presentation. Then there exists a unique ¥r € T
verifying the following conditions:

1) ¢r(lo) =1,
2) if (o, u) is a bypass such that u € supp(YPr(@)) then @a,u,r(lo) # Io for any 7 € k* (see Lemma 3.2).

Proof: e Let us prove the existence of ;. Thanks to Lemma 3.1 we know that there exists ¥ € T
verifying 1). Let us set:

A:={yeT|[¢(l)=1}
and let us assume that for any ¢ € A, the condition 2) is not verified. So, for any ¢ € A, we have a finite
(recall that @ has no oriented cycle) and non empty set of bypasses (see Lemma 3.2):

(a,u) is a bypass
By = (,u) | e supp(p(a))
Soa,u,T(IO) = I() for any 7 e k
For each ¢ € A, let (owy, uy) = maz By and let us fix ¢ € A such that:
(o, uy) = min {(ovyr, uyr) | 9" € A}

For simplicity we shall use the following notations:

(057 u) = (O‘w7u¢)7 Ti=u" ("l)(a)) and '(/)l = YPa,u,—1
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Notice that ¢’ € A because (a,u) € By. In order to get a contradiction, we are going to prove that
(o, uyr) < (o, u). To do this, let us prove first that (o, u) € Bys. Thanks to Proposition 2.17, we have
the equality:

Y = Papun,mn - - - Patuim

where (a1,u1) < ... < (@n,un) and where 71,...,7, € k*. On the other hand, since since u*(¢(a)) =
7 # 0, we know from Proposition 2.11 that:

Fie{l,....,n}) (,ui,7)=(a,u,T)

Let us set:
Y11= Qo w1 - Paru,m € T<(avu)
Hence, the following equality holds:

r_ -1
1/] = Pap,un,Tn ++» Poip1,ui41,7Tig1 @a,uﬁwﬂpa,u,r

Since Y1 € T (a,u), Lemma 2.16 implies that %,wwwg}w € T<(a,u)- Therefore, Proposition 2.17 gives
the equality:
-1
‘Pa,uﬁ'lljl‘»@a,u,r = PBm,vm, vm -+ - PB1,v1,v1

where (B1,v1) < ... < (Bm,vm) < (o,u) and v1,...,vm € k™. As a consequence, we have:

!
WV = o, - Paip1,wi41:Tit1 PBm vm,vm -+ - PB1,v1,v1

where (81,v1) < ... < (Bm, vm) < (o, u) < (Cit1,Uit1) < ... < (Qn, un) and where Ti41,...,Tn, Vi, .., Vm €

k*. In particular, Proposition 2.11 implies that u & supp(¢)'(«)). Therefore:

(o,u) & By (7)

Hence:

(o, u) # (s uyr) = max By (44)
Now let us prove that (o, uy ) < (a,u). To do this, it suffices to pove that the following implication
holds for any bypass (3, v):

v € supp(y’(B)) and (o, u) < (B,v) = @p,0,t(lo) # Io for any 7 € & (47)

Let (83, v) be a bypass such that v € supp(¢)'(3)) and such that (o, u) < (8,v). Since ¥’ = Ya,u,—r, We

have: )
gy~ J (B if g #a
CRE MR da
Therefore, v € supp(y'(8)) C supp(y(8)) U supp(¢(u)). Remark that if v € supp(y(u)), then Proposi-
tion 2.9 implies that v is derived of u (we have u # v because 8 = « and (a,u) < (8,v)) and therefore
(o, u) > (e, v) = (B, v) whereas we assumed that (o, u) < (5,v). This proves that v € supp(¢(5)). Since
(B,v) > (o, u) = (o, uy) = max By we deduce that pg . ~(Io) = Io for any 7 € k. This proves that the
implication (4i%) is satisfied, thus:
(Oéw/, uw/) < (O(, U) (“))

From (i2) and (iv) we deduce that:

(a¢'7uw/) < (awvuw) = (avu)

This contradicts the minimality of (auy, uy) and proves the existence of 1.

e Now let us prove the uniqueness of ;. Assume that 1,1’ € 7 verify the conditions 1) and 2).
In order to prove that 1) = 1)’ we only need to prove that 6*(¢(a)) = 0*(¢)'(«)) for any bypass (o, 6).
Let a € Q1 and assume that there exists a minimal path 6 such that («,6) is bypass and such that
0" (Y(a)) # 0*(¢'(r)). We may assume that 6*(¢(a)) # 0, i.e. 0 € supp(p(a)). Since v verifies 2), we
deduce that there exist paths u and v such that:

u€ Io, v ¢ Ioand wa,01(u) =u+v ¢ I

Notice that Proposition 2.9 gives:



Since u € I, we have ¥ (u),v'(u) € Ip. Therefore, using Proposition 3.5 and with the same notations
concerning the Groebner bases, we have:

Pu) =rut 2w (P(u)rw

wEAy

Pu)=ret 3 w (@ (W)re

wEAw/

where Ay, is equal to:
Ay ={w € supp(¢p(u)) | w# v and w € I}

So:
v (Y(u) = v (ra) + 2w ()" (re)
wEAy (7,7,)
Ot (w) =0 (r) + 3w (¢ (w)v" (rw)
wEAw/

Let w € Ay be such that v*(ry) # 0, i.e. v € supp(rw). Since v € Ip and since w € Iy we deduce that
v € supp(rv — w). So:

. v is derived of w (thanks to Proposition 3.5 and because v € supp(rv — w)).
. v is derived of u of order 1 (because ¢a,0,1(u) = u + v).
. w is derived of u (because w € Ay and thanks to Proposition 2.9).

Using Lemma 2.3, these three facts imply that:
u=ugou1, v=uzfu; and w = ux6’ uy (47)

where u1,us are paths and where 6’ is a path derived of . In particular, (o, 6’) is a bypass such that
6" < 0 (see Lemma 2.7). Therefore, the minimality of 6 forces 8" (¢(a)) = 6™*(¢'(x))). Moreover, (744)
and Proposition 2.9 imply that

w (Y (u) = 0" (¥(a) = 0" (¢ (@) = w" (¥’ (u))
Therefore we have proved the following implication:
w € Ay and v (ry) 0 = w* (Y(w)v* (rw) = w* (@' (u))v* (rw) (iv)

After exchangeing the roles of ¢ and ', the arguments used to prove (iv) also give the following impli-
cation:

w € Ay and v*(rw) #0 = w* (W(w))v* (rw) = 0" (' (u)v* (rw) (v
From (ii), (iv) and (v) we deduce that v*(¥(u)) = v*(¢'(u)), and from (i) we infer that 6*((c))
0* (1)’ («)) whereas we assumed the contrary. This proves that ¢ = .

=

4 Proof of the main theorem

The aim of this section is to prove that the quiver I of the homotopy relations of the admissible presen-
tations of A has ~, as unique source. This fact will be used in order to exhibit the universal cover of
A. Notice that ~j, is a source of I'. Indeed, all minimal relations in I are monomial relations so, for
any ~7€ ['g we have v ~7, ¥/ = v ~; 7. In order to prove that ~p, is the unique source in I' we will
prove that for any admissible presentation kQ/I ~ A, the decomposition of 1y (given by Proposition 3.6)
into a decreasing product of transvections (see Proposition 2.17) defines a path in I" starting at ~;, and
ending at ~;. In this purpose, we begin with the following proposition.

Proposition 4.1. Let kQ/I ~ A be an admissible presentation. Then, for any bypass (o, u) we have:
u € supp(¢r(a)) = u ~r «
Proof: For simplicity we shall write ¥ for ¥;. Thanks to Proposition 2.17 we have:

Y= Qan,un,mn - Porur,m

with (a1,u1) < ... < (an,un) and 71, ..., € k*. Notice that Proposition 2.11 implies that we only need
to prove that «; ~; u; for any i. We will prove this fact by a decreasing induction on m € {1,...,n}.
Let us set:

Hy, :7a; ~ru; forany i € {m,m+1,...,n}”
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Hy 1 is true because {i | n + 1 < ¢ < n} is empty, so let us assume that m € {1,...,n} is such that
Hy,41 is true and let us prove that so is Hy,. From Proposition 2.11 we have umy, € supp(¢¥(am)). So
Proposition 3.6 provides a path u € Iy such that @a,, um,1(u) € Io. Therefore, there exist paths vi,v2
such that:
U = V2am¥1, U := V2umv1 & o and @a,,,um,1(4) =u+v (4)
Since ¥ (u) € I we have:
Yu)=ri+...+rn

where 71, ..., 7~ are minimal relations in I with pairwise disjoint supports. Remark that u, v € supp(¢(u))
thanks to Proposition 2.9 and to Proposition 2.11. Without loss of generality, we may assume that
v € supp(r1). Let ¢ € {1,...,N} be such that v € supp(r;). If i = 1 then w ~; v hence (i) gives
Qm ~T Um. S0 wWe can assume that i # 1. Since r1 € I we have 1/)71(7“1) € Ip. Because Ip is monomial we
deduce that v € supp(s»~'(r1)). Thanks to Proposition 2.13, this proves that:

there exists w € supp(r1) such that v is derived from w (#)

Therefore:
. wis derived of u since w € supp(r1) C supp(¥(u)) (see Proposition 2.9, u # w because u & supp(r1)),
. v is derived of w (see (7)),
. v is derived of u of order 1 (because of (7)).

Thanks to Lemma 2.3, these three points imply that:
w = v20v; and Uy, is derived of 6 (47)

Since w € supp(¢(u)), the equalities w = v26v1, u = vaamvi and Proposition 2.9 imply that 6 €
supp((am)). Hence, there exists j € {1,...,n} such that:

(am, 0) = (aj,u;)

Since um, is derived of 0 (see (ii7)), we get u; = 6 > um (see Lemma 2.7) and therefore j > m. Since
Hpn41 is true, we also have:
Am = ~ru; =0 ()

Finally, since r1 is a minimal relation in I such that v, w € supp(r1), we have v ~; w. Using (4), (4i7) and
(iv) we deduce that:
Qm ~] Um

This proves that H,, is true. So H; is true, i.e. a; ~ u; for any q. | |

Remark 4.2. In the preceding proposition we have proved that o ~r u for any u € supp(¢¥(a)). On
the other hand, ~1, is weaker than ~r (i.e. v ~i, fy' = v ~r fy'). These two properties are linked in
general. Indeed, in [10, Prop. 4.2.35, Prop. 42.36] the author has proved that if I is an admissible ideal
(non necessarily monomial) of kQ and if ¢ € T is such that a ~y ) u for any bypass (a,u) such that
u € supp(yp(c)), then ~r is weaker than ~y(ry.

Now we can exhibit a path in I' starting at ~z, and ending at ~, whenever kQ/I ~ A.

Proposition 4.3. Let kQ/I ~ A be an admissible presentation. Let (a1,u1) < ... < (Qn,un) be the
bypasses and let T1, ..., Tn € k™ be the scalars such that Y1 = Yay, un,mm - - - Paiui,m (S€€ Proposition 2.17).
For each i € {1,...,n}, set:

Ii == o, uiri - - - Parur,m (lo)
then, for each i, one of the two following situations occurs:
. ~1,_, and ~, coincide,
. Qo Induces an arrow ~y,_ —r~g in .
In particular, there exists a path in I' starting at ~1, and ending at ~p, =~7.
Proof: Let i € {1,...,n} and set ©; := Yo, u;,r; - - - Paqug,m - Thus I; = ¥;(Io). Using Proposition 2.11
and Proposition 3.6 it is easily verified that:

i = i,
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Therefore, Proposition 4.1 applied to I; gives:
Q; ~I U

Since I3 = @a,,u;,m; (Li—1), this proves that (see 1.2) either ~;, , and ~;, coincide or @q, u;,r; induces an
arrow ~j, ,—~y, in I'. Thus, the following vertices of I':

NIy NIy ey NI =1

are the vertices of a path in I' (maybe with repetitions) starting at ~j, and ending at ~;. |

The preceding proposition and the fact that I' has no oriented cycle gives immediately the following
corollary which was proved by the author in [9] in the case of triangular and without double bypass
algebras over an algebraically closed field of characteristic zero.

Corollary 4.4. Let Q be a quiver without oriented cycle and without multiple arrows, let Iy be an
admissible and monomial ideal of kQ and let A = kQ/Io. Then the quiver I' of the homotopy relations of
the admissible presentations of A admits ~1, as unique source.

Proposition 4.3 also allows us to prove the main theorem of this text. It extends [9, Thm. 2] to
monomial triangular algebras without multiple arrows. Notice that in the following theorem we make no
assumption on the characteristic of k. Also recall that m1(Q, Io) = m1(Q).

Theorem 2. Let A be a monomial, triangular, basic and connected k-algebra. Assume that the quiver Q
of A has no multiple arrows. Fiz ¢: kQ/Iy = A a monomial presentation of A. Let p: (@,IAO) — (Q, Io)
be the universal cover of quiver with relations (see [11]) and let p: kQ/Io — kQ/Io be induced by p. Then,
for any Galois covering F: C — A with group G and with C connected and locally bounded, there exists a
commutative diagram:

~ ~ F’
kQ/Io —=C
A—" s A
where the bottom horizontal arrow is an isomorphism which restricts to the identity map on the set of

objects of A. Moreover, F': k@/fo — C is a Galois covering with group K a normal subgroup of m1(Q)
such that there exists an exact sequence of groups:

1-K—-mQ) —G—1

Proof: The proof of the theorem is almost identical to the proof of [8, Thm. 2]: one uses Proposition 4.3
instead of [8, Lem. 4.3]. [ ]
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