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We present a new definition of non-ambiguous trees (NATSs) as labelled binary trees. We thus get a differential equa-
tion whose solution can be described combinatorially. This yield a new formula for the number of NATs. We also
obtain g-versions of our formula. And we generalize NAT's to higher dimension.

Nous introduisons une nouvelle définition des arbres non ambigus (NATSs) en terme d’arbres binaires étiquetés. Nous
en dA(©duisons une équation différentielle, dont les solutions peuvent étre décrites de maniére combinatoire. Ceci
conduit a une nouvelle formule pour le nombre de NATs. Nous démontrons aussi des g-versions des formules
obtenues. Enfin, nous généralisons la notion de NAT en dimension supA (©)rieure.
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Introduction

Non-ambiguous trees (NATs for short) were introduced in a previous paper [ABBS14]. We propose in the
present article a sequel to this work.

Tree-like tableaux [ABN13] are certain fillings of Ferrers diagram, in simple bijection with permutation
or alternative tableaux [Pos07, Vie08]. They are the subject of an intense research activity in combina-
torics, mainly because they appear as the key tools in the combinatorial interpretation of the well-studied
model of statistical mechanics called PASEP: they naturally encode the states of the PASEP, together with
the transition probabilities through simple statistics [CWO7].

Among tree-like tableaux, NATs were defined as rectangular-shaped objects in [ABBS14]. In this way,
they are in bijection with permutation ¢ = o3 02 ... 0, such that the excedences (o; > 7) are placed at
the beginning of the word o. Such permutations were studied by Ehrenborg and Steingrimsson [ES00],
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who obtained an explicit enumeration formula. Thanks to NATsS, a bijective proof of this formula was
described in [ABBS14].

In the present work, we define NATS as labelled binary trees (see Definition 1.1, which is equivalent to
the original definition). This new presentation allows us to obtain many new results about these objects.
The plan of the article is the following.

In Section 1, we (re-)define NATSs as binary trees whose right and left children are respectively labelled
with two sets of labels. We show how the generating series for these objects satisfies differential equations
(Prop. 1.8), whose solution is quite simple and explicit (Prop. 1.9). A combinatorial interpretation of this
expression involves the (new) notion of hooks in binary trees, linked to the notion of leaves in ordered
trees. Moreover this expression yields a new formula for the number of NATSs as a positive sum (see
Theorem 1.19), where Ehrenborg-Steingrimsson’s formula is alternating. To conclude with Section 1, we
obtain g-analogues of our formula, which are similar to those obtained for binary trees in [HNTOS] (see
Theorem 1.22, the relevant statistics are either the number of inversions or the inverse major index).
Section 2 presents a generalization of NATSs in higher dimension. For any k£ < d, we consider NATs of
dimension (d, k), embedded in Z¢, and with edges of dimension k& ). The original case corresponds to
dimension (2,1). Our main result on this question is a differential equation satisfied by the generating
series of these new objects.

This version of our work is an extended abstract; most proofs are only sketched or purely omitted.

1 Non-ambiguous trees
1.1 Definitions

We recall that a binary tree is a rooted tree whose vertices may have no child, or one left child, or one right
child or both of them. The size of a binary tree is its number of vertices. The empty binary tree, denoted
by 0, is the unique binary tree with no vertices. Having no child in one direction (left or right) is the same
as having an empty subtree in this direction. We denote by B7 the set of binary trees and by BT ™ the set
BT\ {0}. Given a binary tree B, we denote by V,(B) and Vr(B) the set of left children (also called left
vertices) and the set of right children (also called right vertices). We shall extend this notation to NATS.

Definition 1.1 A non-ambiguous tree (NAT) T is a labelling of a binary tree B such that :

o the left (resp. right) children are labelled from 1 to |V, (B)| (resp. |Vr(B)|), such that different
left (resp. right) vertices have different labels. Otherwise said, each left (right) label appears only
once.

o if U and V are two left (vesp. right) children in the tree, such that U is an ancestor of V, then the
label of U in T is strictly greater than the label of V.

The underlying tree of a non-ambiguous tree is called its shape. The size n(T") of a NAT T is its number
of vertices. Clearly n(T) = 1+ |VL(T)| + |Vr(T)|. It is sometimes useful to label the root as well.
In this case, it is considered as both a left and right child so that it carries a pairs of labels, namely
(VL (T)|+ 1, |Vr(T)| + 1). On pictures, to ease the reading, we color the labels of left and right vertices
in red and blue respectively. Figure 1 shows an example of a NAT, and illustrates the correspondence
between the geometrical presentation of [ABBS14] and Definition 1.1. The rectangle which contains the
non-ambiguous tree 7' is of dimension (wr,(T), wr(T)) = (|VL(T)| + 1, |Vr(T)| + 1).

® A definition in terms of labelled trees is given in Subsection 2.1.
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Fig. 1: A non-ambiguous tree and its left and right subtrees

1.2 Differential equations on non-ambiguous trees

The goal of this section is to get (new) formulas for the number of NATs with prescribed shape. The
crucial argument is the following remark: Let 7' = B/WB be a non empty binary tree. Restricting
L R

the labellings of the left and right children of 7" to By and Bp gives non-decreasing labelling of their
respective left and right children. Note that the root of By, (resp. Br) is a left (resp. right) child in 7". By
renumbering the labels so that they are consecutive numbers starting from 1, we get two non-ambiguous
labellings for By, and Bp, that is two non-ambiguous trees L(T") and R(T"). See Figure 1 for an example.

Conversely, knowing the labelling of B, and Bg, to recover the labelling of 7', one has to choose
which labels among 1. ..V, (T') will be used for B, (including its root) and the same for right labels. As
a consequence:

war (A= @ZEQ') ('&igi:) NAT (L) | INAT (R) |. (1)

Our first step is to recover hoo-k length formula for the number of NATs of fixed shape ((ABBS14]). We
use the method from [HNTOS], namely, applying recursively a bilinear integro-differential operator called
here a pumping function along a binary tree.

First of all, we consider the space QNAT of formal sums of non-ambiguous trees and identifies
NAT (B) with the formal sum of its elements. By linearity, we consider the map M as a bilinear map

QNAT x QNAT — QNAT. The main remark is that VAT (B) can be computed by a simple recur-
sion using M:

Lemma 1.2 The set NAT (T) of non-ambiguous tree of shape T satisfies the following recursion:
NAT @) =0 and  NAT ([ /N,) = M(NAT (L), NAT (R)) . 2)

To count non-ambiguous tree, and as suggested by the binomial coefficients in (1), we shall use doubly
exponential generating functions in two variables x and y where x and y count the size of the rectangle
in which the NAT is embedded: the weight of the tree 7" is ®(T) := L 275 228701 We extend &(T)
by linearity to a map Q VAT — Q[[z,y]]. Consequently, ®(NMAT (T')) is the generating series of the
non-ambiguous trees of shape T. Thanks to (1) the image in Q[[x, y]] of the bilinear map M under the
map P is a simple differential operator:
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Definition 1.3 The pumping function B is the bilinear map Q|[[z, y]] x Q[[z,y]] — Q[[z, y]] defined by

Bu,0) = [ [ ou(w)-3,0) ®
zJy
We further define recursively, for any binary tree T an element B(T') € Q[[z, y]] by
B@)=xz+y and IB(L/'\R) —B(BL,Br) . @)

Now (1) rewrites as

Proposition 1.4 For A, B € QNAT, one as ®(M(A, B)) = B(®(A), ®(B)). As a consequence, for
any non empty binary tree T, ®(NAT (T)) = B(T).

By de-recursiving the expression for B(7"), we recover the hook-length formula of [ABBS14] for non-
ambiguous trees of a given shape:

Proposition 1.5 Let B be a binary tree. For each left (resp. right) vertex U, we denote Er,(U) (resp.
Er(U)) the number of left (resp. right) vertices of the subtree with root U (itself included in the count).

Then | |

[1 cw- ] &)

U :left child U :right child

We consider now the exponential generating function of non-ambiguous trees with weight ®:

WL (T) wa(T)

0= 2 MN= D T wn ©

NeNAT NeNAT

It turns out that we need to consider the two following slight modifications to get nice algebraic properties
(because of the empty NAT).

2VEM] Ly VR
VL(N)[!- [Vr(N)|I

6 = Z B(B) and M= %)

BeBT NeNAT*

The function $), I, & are closely related. Each function is used in different situation. The first one is the
natural definition we want to give. The second one is convenient from a bijective point of view. The last
one is convenient from the algebraic and analytic point of view. They differ by their constant term and
shift in the degree. Precisely, 91 = 0,0, so that

.V):l+//‘ﬂ and (’5:o:+y—//‘ﬁ and G=9H+zx+y—1 ®)
xJy sy

The two last relations are consequences of Proposition 1.4.

Proposition 1.6 The generating function Ot and & can be computed by the following fixed point differen-
tial equations:

Qﬁzw—l—y—i—//@w@-ay@ and ‘)Tz(l—&-/‘ﬁ)-(l—&-/‘ﬁ) 9
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Proof: The first equation is a just a consequence of the definition of the bilinear form B:
G=cty+ Y IB%(Bl/'\BZ)::E—ky—&- S B(B(B1),B(B)) = v +y + B(6, ).
B1,B2€BT B1,B2€BT

To prove the second equation, remark that the first can be rewritten as 0,0,® = 0,6.0,®. So that,
N = 0,0,9 = 0,0,6. To conclude, it suffices to remark that 9,6 =1 + fy N O
Now, a closed formula can be computed for 1.

Proposition 1.7 The exponential generating function for non-ambiguous trees are given by

erty
N = , and $H = —log(l— (e —1)(e¥ —1)).
(1= (e = D(er — 1))? e
Now, we will introduce two statistics : the number of right (resp. left) vertices in the right (resp. left)
branch of the root of a tree. For a binary tree B, we will denote by R (B) (resp. Lo(B)) the two previous
statistics. We define now an («, 3)-generating function for non-ambiguous trees:

e~ 3" 2VEML L IVR(N| . g Ro(N) . gLa(N)
S VL (N[ [VR(N)|!

Proposition 1.8 A differential equation for WP is

RIG (1+a/‘ﬁ(a’1)> : <1+ﬂ/9¢(1’ﬁ)>,
x Y

Proof: We just have to define a new pumping function by setting B(*A) (B) = aRo(B)gLo(B) B(B) and
deduce the expected differential equation. ]

The solution of the new differential equation is given by Proposition 1.9.
Proposition 1.9 The («, 3)-exponential generating function for non-ambiguous trees is equal to
e By
(1= (e = 1)(er = 1)™7
1.3 Bijection with some labelled ordered trees

In what follows, the trees will be represented with parents upper than children. Therefore, it will make
sense to talk about vertices on the left and on the right of other vertices.
The solution of Proposition 1.9 can be rewritten as :

yleB) —

m(a,,@) _ eaweﬁyefocln(lf(emfl)(eyfl))efﬁ1n(17(em71)(67’71)). (10)

The purpose of this subsection is to explain this expression combinatorially. Let us first describe objects
“naturally” enumerated by the RHS of (10). We recall that e” is the exponential generating series of sets
and — In(1 — z) is the exponential generating series of cycles. The objects can be described as 4-tuples
consisting of two sets of elements and two sets of cycles whose elements are pairs of non empty sets. Let
us denote by 7y the set of such 4-tuples.

We first link non-ambiguous trees with ordered trees. We need the following definition:
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Fig. 2: Hooks on a non-ambiguous tree and associated ordered tree

Definition 1.10 Let T' be a binary tree and v one of his node. The hook of a vertex v is the union of {v},
its leftmost branch and its rightmost branch. There is a unique way to partition the vertices in hooks. The
number of hooks in such a partition is the hook number of the tree.

Remark 1.11 We can obtain recursively the unique partition of the preceding definition by extracting the
root’s hook and iterating the process on each tree of the remaining forest.

Example 1.12 On the left part of Figure 2, we represented in red the hook of 10 and in red and green the
partition of the set of vertices in hooks. The hook number of the tree is 8.

We denote by NOT the set of ordered trees O such that:

e Each vertex, except the root, is labelled and coloured (in red or blue). The root is labelled by a red
label and a blue label, bot maximal.

e The root has red and blue children, the red children being on the left side of blue children. Blue
(resp. red) vertices have only red (resp. blue) children,

e The labels of red (resp. blue) descendants or right siblings of a red (resp. blue) vertex v are smaller
than the label of v.

Proposition 1.13 The set of non-ambiguous trees NAT on n nodes is in bijection with the set of trees of
NOT on n nodes. This bijection is denoted by &.

Proof: Let us consider a non-ambiguous tree N and construct an ordered tree £(N) = O. The root of
N will be associated to the root of O. Starting from the root r of the ordered tree, the red (resp. blue)
children of r are the set of left (resp. right) descendants of the root of N. The expected ordered tree is
then obtained recursively by the following rule : if a node v in the ordered tree is a left (resp. right) child
in N, then its children in the ordered tree is the set of right (resp. left) descendants of v in N, with every
right (resp. left) child on the right side of its parent.

We can reconstruct recursively the non-ambiguous tree associated to such an ordered tree, by reversing
the process from the children of the root to the leaves in the ordered tree. a

Remark 1.14 Let us remark that the hook of a vertex v, different from the root in the non-ambiguous tree,
can be read off from the ordered trees : it consists in the children of v in the ordered tree and the siblings
of v on the right side of v in the ordered tree.
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Example 1.15 The ordered tree associated to the non-ambiguous tree on the left part of Figure 2 is
represented on the right part of the same figure.

Proposition 1.16 The set of non-ambiguous trees NAT is in bijection with pairs of 2-coloured words,
with blue letters on {1, ...|Vg| — 1} and red letters on {1, ..., |VL| — 1}, where letters in blocks of the
same colors are decreasing, the first (resp. second) word ends by a red (resp. blue) letter and Vg (resp.
V1) is the set of right (resp. left) children in the non-ambiguous tree. This bijection is denoted by £ o €.
Moreover, the pairs of 2-coloured words are exactly described by the previous 4-tuples.

Proof (sketch): From 7" € NOT, we obtain the two words Q(T') = (w1, w2) by a post-order traversal
visit of the descendant of the red (resp. blue) children of the root for wy (resp. ws). The injectivity of Q
can be shown ad absurdum.

From such a word, we can build back recursively the associated ordered trees by reading each word
from right to left and adding, for each new letter /, a node labelled by [ to the left of the closest ancestor
of the current position whose label is of the same colour as [ and smaller than [.

The consecutive maximal red (rep. blue) elements from right to left in the first (resp. second) word
correspond to the children of the root in the ordered tree. The first (resp. second) set of the 4-tuple can
be defined as the set of blue (resp. red) children of the root in the ordered tree. Then, each remaining
subword, corresponding to one child of the root and its descendants in the ordered tree, contains both
blue and red elements, the rightmost letter corresponding to the child of the root. Each of these subwords
can be viewed as a blue (resp. red) cycle, as the child of the root is the biggest blue (resp. red) element
in the subword and can be found again. This cycle is made of alternating sets of blue and red elements,
corresponding to right and left vertices in the non-ambiguous tree, which can be joined in pairs of non
empty sets, giving the two set of cycles of the 4-tuple. o

Example 1.17 The pair of words associated with trees of Figure 2 is (48 3661109102, 11859747
253 1). The associated 4-tuple is: ({2}, {1,4,11}, {({1048}{36}{61109})}, {({85}{97}),({72}{53})).

Remark 1.18 The bijection ) is similar to the “zigzag” bijection of [SWO7].
We may derive from our construction a bijective proof of the following enumeration formula.

Theorem 1.19 The number of non empty non-ambiguous trees with w left vertices and h right vertices is
given by:
NAT wn = (p+ D)IplSa(w +1,p+1)Sa(h +1,p + 1), (11)

p=>1

where Sy denotes Stirling numbers of the second kind. In this positive summation expression, each sum-
mand corresponds to the number of NATs with prescribed size, and whose number of hooks equals p.

We conclude this subsection with following result on binary trees. The corresponding integer series
appears as A??? in OEIS.

Proposition 1.20 The set of binary trees on n vertices with hook number p is in bijection with the number
of ordered trees on n + 1 vertices having p vertices being the parent of at least a leaf.
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1.4 @g-analogs of the hook formula

As for binary trees, there exists g-analogues of the hook formula for NATSs of a given shape associated to
either the number of inversions or the major index. There are two ingredients: first we need to associate
two permutations to a non-ambiguous tree, and second we need to give a g-analogue of the bilinear map
B. It turns out that it is possible to use two different ¢ namely qr and ¢z, for the derivative and integral in
x and y.

The first step to formulate a g-hook formula is to associate to any non empty non-ambiguous tree 7" a
pair of permutations o(T") = (o(T'),0r(T)) € Gy, (1) X Sy, (7).
Definition 1.21 Ler T' be a non-ambiguous tree. Then o, (T) is obtained by performing a left postfix
reading of the left labels: precisely we recursively read trees L/.\R by reading the left labels of L, then

the left labels of R and finally the label of the root if is a right child. The permutation or(T) is defined
similarly reading right labels, starting from the right subtree, then the left subtree and finally the root.

If we take back the example of Figure 1 we get the following two permutations:
or(T)=(2,1,4,3,6,10,8,9,5,7), or(T)=1(1,2,3,4,5,7,11,9,6,8,10).

Recall that the number of inversions of a permutation o € &,, is the number of ¢ < j <= n such
that o(i) > o(j). A descent of o is a4 < n such that o(i) > o(i + 1) and the inverse major in-
dex of o is the sum of the descents of o~ 1. Finally for a repetition free word w of length [ we write
Std(w) the permutations in &; obtained by renumbering w keeping the order of the letters. For example
Std(36482) = 24351.

1—q" n

We define as usual the g-integer [n], := S=L-, and the g-factorial [n]y! := J[;_, [i],

Theorem 1.22 For a non-ambiguous tree N and a statistic S € {Inv,iMaj}, we define

ws(T) = qg(o'L(T))qIS%(UR(T)). (12)

Then, for any non empty binary tree B

Z wInV(T) = Z wiMaj(T) = |VL(B)|qL! i ‘VR(B)LJR!

TENAT(B) TeNAT(B) II @y JI [Er@)an
U :left child U :right child

13)

Going back to the non-ambiguous tree of Figure 1, the inversions numbers are Inv(o, (7)) = 11 and,
Inv(or(T)) = 7 so that winy (T') = qi'qk. For the inverse major index:

or(T)™' =(2,1,4,3,9,5,10,7,8,6), or(T)™' =(1,2,3,4,5,9,6,10,8,11,7).

consequently, iMaj(on(T)) =1+3+ 5+ 7+ 9 = 25 and iMaj(or(T)) = 6 + 8 + 10 = 24 so that
wivaj(T) = q?°q%!. Note that it is possible to read directly ws(7") on T. We do not give the precise
statement here to keep the presentation short.

The argument of the proof follows the same path as for the hook formula, using pumping functions:
recall that the ¢-derivative and g-integral are defined as

anrl

- n = n—1 n = —_—. 14
Op.,q® [n]gz™ ™", and /Iq x o, (14)
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Then the (qr,, ¢r)-analogue of the pumping function is given by

Bq(u,v) = / / Oz,q1, (u) - Oy.qr (v). 5)
z,q. JY,qr

We also define recursively B, (T") by B, (0) := x + y and Bq(L/.\R) = B, (B4(L),B4(R)). Then the
main idea is to go through a pumping function on pairs of permutations. We write Q G the vector space

of formal sums of permutations. For any permutation o € &,, we write [ ¢ = o[n + 1] the permutation
in G,,41 obtained by adding n + 1 at the end. Again we extend [ by linearity.

Definition 1.23 The pumping function on permutation is the bilinear map BS : Q6 x Q6 — Q&
defined for o € &, and 1 € &,, by B&(0, 1) = Y uve® pynsy UV -
Std(u)=[ o
Std(v)=p
We define also a pumping function on pairs of permutations

BS® ((o1,0R), (1L, 1r)) = (BS(oL, 1), BS(1r, oR))

For example B&S(21,12) = 21345 + 21435 + 21534 + 31425 + 31524 + 41523 + 32415 + 32514 +
42513 + 43512. Note that for two non empty non-ambiguous tree C, D.

> ou(T)=B&(0L(C),0L(D))  and > or(T) =B6&(cr(D),or(C))
TeM(C,D) TeM(C,D)

The central argument is the following commutation property:
Proposition 1.24 For a statistic S € {Inv,iMaj}, and (o,0r) € &, X &, define

xm—i—l yn—i-l

S(or)

” — S(oL) .
s((or,oR)) :==qf, m+1,! " m+1],,!

(16)

Then for any pairs o = (o, 0r) and = (g, ugr), one has Us(B&> (o, 1)) = By (Vs (o), Us(1))

As a consequence, noting that wg(T") = ®g(o(T)), one finds that for any non empty non-ambiguous
trees N, and Npg,

> ws(T) =5 (B&*(0(NL),0(Nr)) = Bg(ws(NL), ws(Nr)).
TEM(NL,NRr)

Applying this recursively on the structure of a binary tree B, we have that .\, arp) Ws(T) =By (B).
Unfolding the recursion for B, (B), gives finally Theorem 1.22.

We conclude this section by an example. Let B = /\/‘?\ Then one finds that the ¢- hook

formula gives (¢z2 + g% + gz + 1)(qy* + qy + 1) (g + 1). Expanding this expression, one finds that the
coefficient of gz2qy is 2. For the iMaj statistic it corresponds to the two following non-ambiguous trees
which are shown with their associated left and right permutations:

(4,5) (4,5)
2/3\2 ]/4\1 ((2’3’1)’(1’3’4’2))’ 2/J\2 1/4\3 ((2a3a1)7(3a17452)>
N \

3 1
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2 Non-ambiguous trees in higher dimension

In this section we give a generalization of NATS to higher dimensions. In dimension two, NAT's are defined
as binary trees whose vertices are embedded in Z?, and edges are objects of dimension 1 (segments). Let
d > k > 1 be two integers. In higher dimension, binary trees are replaced by (Z) -ary trees embedded
in Z¢ and edges are objects of dimension k. As in Section 1.2 we obtain differential equations for these
objects.

2.1 Definitions

We call (d, k)-direction a subset of cardinality k of {1,...,d}. The set of (d, k)-directions is denoted
by Ik A (d,k)-tuple is a d-tuple of (N U {e})?, in which k entries are integers and d — k are . For
instance, (e, 1, o, 5, 2, o, o 3, e)isa (9,4)-tuple. The direction of a (d, k)-tuple U is the set indices
of U corresponding to entries different from e. For instance, the direction of our preceding example is
{2,4,5,8).

Definition 2.1 A (Z) -ary tree M is a tree whose children of given vertex are indexed by a (d, k)-direction.

A (d, k)-ary tree has at most (z) children. A (z) -ary tree will be represented as an ordered tree where
the children of a vertex S are drawn from left to right with respect to the lexicographic order of their
indices. If a vertex S has no child associated to an index 7, we draw an half edge in this direction. An
example is drawn on Figure 3.

Definition 2.2 A non-ambiguous tree of dimension (d, k) is a labelled ({)-ary tree such that:

1. a child of index 7 is labelled with a (d, k)-tuple of direction 7;
2. the root is labelled with a (d, d)-tuple;

3. for any descendant U of V, if the i-th component of U and V are different from e, then the iith
component of V' is strictly greater than the i-th component of U;

4. foreachi € [1,d], all the ith components, different from e, are pairwise distinct;

5. foreach i € [1,d], the set of ith components, different from e, of every vertices in the tree, is an
interval, whose minimum is 1.

The set of non-ambiguous trees of dimensions (d, k) is denoted by NAT g .

We write NAT, 5, for a non-ambiguous tree (of dimensions (d, k)). Figure 3 gives an example of a
NAT3 ; and a NAT3 ».

Definition 2.3 The geometric size of a NAT i, is the d-tuple of integers (w1, . . ., wq) which label the root
of the NAT 4 1, it is denoted by wy X - - - X wq. The w-size of a NAT gy, is the number of vertices in the tree
of direction T, the set of such vertices is denoted by V.

Property 2.4 gives the relation between the geometric size and the 7-size of a non-ambiguous trees.
Proposition 2.4 Let M be a (Z) -ary tree, the root label is constant on NAT 4., (M) and is equal to:
wi= Y |[Va(M)|+1.

WEHd’k
1eEM
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/(4 b (./4’& /( I°
(1,0,0) (0/,075) (o,0,1) (2,0,0) (0,6,:) /(6,5,4)\
(e,5,0) (0,0,2) (3,0,0) (o,1,0) (5,3,) (l,0,1) (0,4,3)
/ \ 7N / N S
(0,3,0) (0,0.4) (0,2,0) (3,1,0) (2,0,2) (4,2,0)

Fig. 3: A NAT of dimension (3, 1) and a NAT of dimension (3, 2).

2.2 Associated differential equations
In this section, we denote by z(;, . ;, } the product z;, X. .. Xz, , by Og4, .4,y the operator Oy, Oy
and by f{il,...,ik} the operator fwil f%é .. ka

As for non-ambiguous trees (Proposition 1.5), we have a hook formula for the number of non-ambiguous
trees with fixed underlying tree. Let M be a (Z) -ary tree, we label each vertex V' of direction m, by a (d, k)-
tuple ¢ of direction 7, such that for ¢ € 7, the ith component ¢; of £, is the number of vertices of the subtree
whose root is V', whose direction contains . If we denote by &, the multi-set of labels of 7-vertices, then
the hook formula of M is given by:

0,

ig ot Yz

d
(wi(M) —1)!
£[1 11 11 ti(t)

T € Hd,k tESW(JW)
tET

Let 91,5 the exponential generating function of generalized non-ambiguous trees defined by :

wl(N)fl

d
R DI | Sy

NENATY i=1 "

As in section 1.2, the .

Proposition 2.5 The function N i, satisfies the differential equation (similar to Subsection 1.2):

‘ﬁd,k = H <1+/‘ﬁd,k) (17

melly, k

Proof: The method is analogue to the method of Section 1.2, and goes through the use of a (Z) -linear
form and a pumping function for (Z) -ary trees. o

The family of differential equations defined by Equation 17 can be rewritten using differential operators
instead of primitives. We need to introduce the function &, ;, = f .4} Nar + erend up T Then,
we show that &, ;. satisfies the following differential equations:
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Proposition 2.6 The differential equation satisfied by g, is 01 ... 048 qr =[] 0:84. 1.

In the generic case, we are not able to solve those differential equations. We know that setting a variable
x4 to 0 gives the generating function of NATs of lower dimension.

Proposition 2.7 Let d > k > 1, then Ny |

For some specific values of d and k we have (at least partial) results.

TFGHd,d,k

2y=0 = Nd—1k-

Proposition 2.8 Ler k = d — 1, if we know a particular solution s(x1, . . .,x4) for
81 .a 8d®d,d—1 = 616(17(1_1 X ... X 8d®d7d_1
then, for any function s1(x1), ..., Sqa(xq), the function s(s1(x1), ..., s4(xq)) is also a solution.

Proposition 2.9 Some non trivial rational functions are solutions of 01 ... 0¢® 41 =[] 0:641.

mellg a1

Proof (sketch): We define & ;) = 0,41 where i € [1,d] and m = [1,d] \ {i}. We get the relation
0;®y = H;i:l & ;) and then H?Zl 0:i&;y = Hle Qﬁfli). To obtain a particular solution, we just need
to identify, in the previous equation, the term ;& ;) to the term Qié). We thus obtain some non trivial
solutions for our equation, which are rational functions. d

For d = 2 and k = 1 we can find a closed formula because it is the unique case where Property 2.8 and
Property 2.11 can be applied at the same time.

Proposition 2.10 Letd =2 and k = 1, then Ny 1 = N.
The case d = k, is easy to solve

Proposition 2.11 The function Na,q is equal to 3, -, %
We may say that 91, 4 is a kind of generalized Bessel function because Ny 2(x/2, —x/2) = Jy(z) where
J, is the classical Bessel function. This supports our feeling that the general case leads to serious diffi-

culties.
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