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Abstract

A k-proper edge-coloring of a graph G is called adjacent vertex-disting-
wishing if any two adjacent vertices are distinguished by the set of colors
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1. INTRODUCTION

Let G = (V, E) be a simple, finite, connected and undirected graph and C' be
a set of colors. We use Ng(v) (or simply N(v) if the context makes it clear) to
denote the set of neighbors of the vertex v in G and dg(v) (or d(v)) to denote
the degree of v in G. We call A(G) the maximum degree of G. An edge-coloring
¢ E — C is an assignment of colors to the edges of G. The mapping ¢ is a
k-edge-coloring if |C| = k. Tt is said to be proper if any two edges incident to the
same vertex are mapped to different colors. The chromatic indez, denoted x'(G),
of a graph G is the smallest integer k such that G admits a k-edge-coloring.

A proper edge-coloring ¢ is adjacent vertex-distinguishing (AVD-coloring for
short) if for any (u,v) € E, ¢(N(u)) # ¢(N(v)). The smallest number of colors
required for an AVD-coloring of G is called the AVD-chromatic index of G and
denoted Y, (G).

Some interest has been shown in non-proper adjacent vertex-distinguishing
edge-colorings. In [1] it was shown that the minimum number of colors necessary
for a non-proper vertex-distinguishing edge-colorings is equivalent to nk for k-
regular graphs of order n. However, a much stronger interest has been shown in
proper adjacent vertex-distinguishing edge-colorings, which are thus most often
only referred to as adjacent vertex-distinguishing.

One may also read the term adjacent strong edge-coloring or 1-strong edge-
colorings as an effort to avoid confusion. The latter is part of the wider concept
of d-strong edge-coloring, which is a proper coloring in which two vertices at
distance lower than d of each other cannot share the same set of incident colors.
This concept introduced in [2] also embraces (when d is larger than the diameter
of the graph) strong edge-colorings (or vertex-distinguishing edge-colorings), in
which any two vertices do not share the same set of incident colors, whatever
their distance.

Strong edge colorings were introduced independently by Fouquet et al. [11,
12] for radio networks and the frequency assignment problem and for graphs in
[10]. They were deeply studied in [8] where the conjecture was made that any
graph of order n > 3 with no isolated edge and at most one isolated vertex admits
an (n + 1)-strong edge-coloring and in [7] where the conjecture was proven. The
smallest number of colors used to obtain a such coloring, denoted by X', is called
strong edge chromatic index or observability. It was studied for planar graphs in
[9], and additional properties using odd graphs were found in [16] and extended
to multigraphs in [4].

Trivial bounds on the AVD-chromatic index of a graph G are A(G) < x/(G) <
Xo(G) < X's(G). In [18], the following conjecture was proposed.

Conjecture 1 [18]. If G is a simple connected graph on at least 3 vertices and
G # C5 (a cycle of order 5) then A(G) < x4 (G) < A(G) + 2.
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In [3], it is shown that x,(G) < 5 for all graph G with maximum degree
A(G) = 3 and x,(G) < A(G) + 2 for bipartite graphs. For k-chromatic graphs G
without isolated edges, the authors proved that x/,(G) = A(G) + O(logk). The
study in [6] was done for meshes graphs (the Cartesian product of p paths and
of p cycles). In [5], it was shown that for any integers n > 2 and d > 2, we
have X, (K%) = A(K%) + 1, where K¢ is the Cartesian product of the complete
graph K, by itself d times (also known Hamming graph) and that for direct
products of graphs, /(G x H) < min{x(G).xa(H), x,(G).X'(H)}. For graphs
with maximum degree A > 5 and maximum average degree mad < 3 — ﬁ,
the result x,(G) < A(G) + 1 is proved in [14] based on results of [17]. A weaker
bound of x/(G) < A(G) + 300 was proved in [13] for all graphs with A(G) large
enough.

For n € N* and S C Z,, the circulant graph C,,(S) is the non-directed graph
whose n vertices are the elements of Z,, with an edge (4, j) if and only if |i —j| € S
(modulo n). In this paper we will say two vertices ¢ and j are at distance t and
that an edge (4, 7) is of length ¢ if |i — j| = t. We write [a,b] = {i € N|a < i < b}.

The notion of d-strong edge-colorings of circulant graphs has been studied in
[15]. An exact value of x4 of Cy,({1,2}) is given for d € {1,2}. We will use an
idea similar to the one they introduced of cutting colored circulant graphs and
merging them together to get colorings for graphs of higher order.

Obviously for a k-regular graph we have x/, > k + 1. In this paper we will
show that for most R and most n, x,(Cn([1, R])) = A(CL([1, R])) + 1.

Theorem 2. Let R > 1 and n > 2!+ e RI(R 4 2) (R 4 28 BI(R 4 2)) — 2R. If
R #1 mod 6 orn =0 mod 3, then x,(C,([1,R])) = 2R + 1.

The main idea behind the proof of Theorem 2 is the following. We build opti-
mal (in the number of colors used) adjacent vertex-distinguishing edge-colorings
of Crp([1, R]) for some m and all p € N and of C([1, R]) for some k prime with
m such that both can be merged together to form the graph Ci,p41([1, R]) and
a coloring for it. Then by varying p and merging multiple times we can reach an
optimal coloring of C),([1, R]) for any n large enough. As in general k << mp
we also call the merging operation adding an extension. The optimal adjacent
vertex-distinguishing edge-colorings of the extendable graph and of the extension
are defined in Section 2. The process of adding extensions is described in Section
3 to complete the proof of Theorem 2. We conclude the paper in Section 4 with
perspectives for future work.

2. PRELIMINARY RESULTS

We first define an optimal proper edge-coloring of circulant graphs with only
edges of odd length (Lemma 3). We also define a proper edge-coloring with only
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one more color and the additional property of distinguishing vertices close to each
other (Lemma 4). Both colorings are periodic, and can be applied only when the
order of the graph is a multiple of their periods, but we show that it is possible to
extend the coloring of Lemma 3 to any even order by adding 2-vertices extensions
(Lemma 5).

We use these colorings to build a periodic and optimal AVD coloring of
Crmp([1, R]) for all p € N where m is the period of the coloring, which depends
on R (Lemma 6). The edges of the graph can be partitioned so that the edges of
each set induce a circulant graph with only edges of odd length. Each of these
subgraphs can be colored with the colorings of Lemmas 3, 4 and 5. A careful
choice of colors can ensure that the resulting coloring is proper, that vertices
which are adjacent in Cyp([1, R]) can be distinguished by the colors of the edges
on which the coloring of Lemma 4 is applied, and that no such coloring can be
obtained with less colors.

We then define the extension by building vertex-distinguishing colorings for
complete graphs of odd order (Property 1), which can be seen as circulant graphs:
Ksr1 = Cops1([1, R]).

For m € N, let Uy, = {2p+1|0 < p < m}. Let kK > 2 and vy € [0,2k(m +1)].
We name ¢y, the following edge-coloring of Cy(;,41)1(Un) using colors in
{li|i € [0,m]} U{ri|i € [0,m]} (see Figure 1 for an illustration with m = 1).

e For i € [0,m], pu,(vo+i,v0+i+ 1) =r; and @, (vo —i — 1,00 — i) = 1;.
e For any vertex v, @y, (v + 2m + 2,v + 2m + 3) = @, (v,v + 1).
e For any vertex v and p < m, @, (v —p,v + 14+ p) = @y, (v,v + 1).

Figure 1. @9 on a part of Cy(Uy), k > 2.

We write ¢ when the choice of vg is of no importance.

Lemma 3. For m,k integers with k > 2, ¢ is a 2(m + 1)-proper coloring of
Com+1)k(Um)-
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Proof. In this construction, any colors and any vertices can be swapped without
changing the structure of the graph and coloring, so the proof that the coloring
is proper can be reduced to proving that one vertex does not have the same color
twice in its edge neighbourhood. For m, k integers with k > 2, as Cy(y4-1)k(Unm)
is (2m + 2)-regular, it is the same as showing that one vertex has 2m + 2 distinct
colors in its edge neighbourhood, which can be seen by writing all colors in
S(vg): for p € [0,m], ¢(vo,vo +2p +1) = p(vo + p,vo + 1+ p) = r, and
o(vg— (2p+1),v0) = p(vog—1 —p,v9 —p) = lp. [

By adding the color 0 to the previous coloring and using a similar structure,
we manage to distinguish the sets of colors of edges incident to nearby vertices.
For a vertex vy of C(ap43)k(Um), we name ¢, the following edge-coloring.

® ¢y (vo,v0+1) =0.

e For i € [0,m], ¢y, (vo+1+i,00+241i) =1 and ¢y, (vo —i — 1,v9 — i) = ;.
e For any vertex v, ¢y, (v +2m + 3,v 4+ 2m +4) = ¢y, (v,v + 1).

e For any vertex v and p < m, ¢y, (v — p, v+ 1+ p) = ¢y, (v,v + 1).

Lemma 4. For m,k integers with k > 2, ¢ is a (2m + 3)-proper edge-coloring of
Clam+3)k(Um) which satisfies:

For two vertices i and j, if |i — j| € [1,2m + 2] then ¢(N (7)) # ¢(N(5)).

Proof. Let m,vg, k be integers with £ > 2. In C(2m+3)k(Um) the colors incident
to vg —m — 1 are

¢U0(U0_m_17vo_m+2p) = ¢'UO(UO +p_m_1avo +p_m)

= Iy

and

Pug(vo —m —2 —=2p,v9 —m — 1) = ¢yy(vo —m —2—p,vg —m —1—p)
= ¢po(vo+1+m—p,v9+2+m—p)

= TWL7p

for all p € [0,m]. The only color used by ¢,, which is not in S(vg —m — 1)
is 0. We will say this vertex is a 0. The same way, for i € [0,m], vo — i is a
Tm—; and vo + i+ 1 is a l,,_;, as the vertices are labelled in Figure 2. As the
coloring is (2m + 3)-periodic, this proves the two properties in the lemma. First,
the fact each vertex has 2m + 2 distinct colors in its edge neighbourhood shows
the coloring is proper. Also, two vertices with the same set of colors in their edge
neighbourhood are at a distance of at least 2m + 3, so vertices at distance lower
than 2m 4 2 are distinguished. [ |
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Figure 2. ¢ on a part of C(2y43)%(Up) for m =1, k > 2.

This property of ¢ covers the adjacent vertex-distinguishing property while
adding that vertices at even distance are also distinguished by the colors of their
incident edges.

The proper coloring ¢ of Lemma 3 can only be applied when the order of the
circulant graph n is a multiple of 2(m + 1). We can then build a coloring for a
graph of order n + 2 by adding a 2-vertices extension to ¢, and build a coloring
for any even order by adding multiple extensions. The same strategy is used to
prove Theorem 2 in Section 3 with larger extensions.

Lemma 5. For m € N* and n > (2m+ 1)m, x' (Con(Up)) = 2(m + 1).

Proof. Let m € N*. We will first describe the extension on Cyy,44(Upy,) colored
with ¢,,4+1 and then compute how many extensions are needed to color Cyy, (Upy,)
for n > (2m + 1)m.

1. e Add vertices x and y.
e Add edges (z,y), (z,m+ 1) and (y, m + 2).
e Add edges (m+1—2p,x), (z,m+1+4+2p), (m+2—2p,y) and (y, m+2+2p)
for p € [1,m].

2. Remove the 2m + 1 edges of length 2m + 1 with one vertex on each side of
the edge (m + 1, m + 2). The colors of these edges are distinct: (I;)o<i<m—1 and
(ri)o<i<m. The resulting graph is isomorphic to Cym+6(Unm), as can be seen by
placing x and y between m+1 and m+2 in the way shown in Figure 3 for m = 2.

3. Notice that each vertex of Cyp+4(Upy,) loses and recovers exactly one edge,
except for 3m + 3 and 3m + 4 which remain unchanged. Assign the color of the
lost edge to the new one. The two ends of a removed edge are at an odd distance
on Cym+4(Uy,), which ensures that exactly one is at an even distance of m+1 and
exactly one is at an even distance of m + 2. With the construction in step (1),
both ends get a new edge with a distinct vertex of x,y, so the coloring remains
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proper. Finally, assign c¢(x,y) = l,,, the only color z and y do not have in their
edge neighbourhood (in Step (2), no edge colored with I, is removed).

Iy r2

Figure 3. Extension of ¢ on a part of C12(Us). The color of each edge is written near the
middle of the edge.

This extension does not need to be added at this exact spot on the graph:
before adding it, all vertices and colors have the same role in the construction.
An extension only changes the color of edges of 4m vertices on the original graph,
s0 on Cy(p41)x(Um ), multiple extensions can be added as long as there are always
4m vertices between two of them so they do not interfere with each other.

g(m+1)

Now, let n = g(m + 1) +r with » < min (m, W) Such integers ¢ and r

exist when n > m(2m + 1) An edge coloring of Cs,(Uy,) can be constructed by
adding r such 2-vertices extensions to Cog(m1)(Um)- [

The colorings obtained in this way can be used to color edges of even length
on Cp([1, R]). For k, p and m integers, Cop({2P,3 % 2P, ..., (2m + 1)2P}) can be
seen as the union of 2P graphs isomorphic to Copg(Up,). Combining them with ¢
to color edges of odd length leads to the following result.

Lemma 6. Let R,k € N*.

o If Ris even, Cy gy 1yo1+noem ([1, R]) admits a (2R+1)-adjacent vertez-disting-
utshing edge-coloring.

o If R is odd, Cypio)o+nesm1 ([1, R]) admits a (2R +1)-adjacent vertex-disting-
uishing edge-coloring.

Proof. For an integer d, we write its 2-adic valuation val(d) = max{p € NJ|2P
divides d}. In the following, we consider the partition of [1, R] according to
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the valuation of its elements, [1,R] = UEE%RJ QP(R) where QP(R) = {d €
[1, R]|val(d) = p}. When the context is clear, we omit R and only write QP.
(R+1) if Ris even,

(R+2) if Ris odd.

We first consider the case k = 1. We divide the edges of C\g1+nosr1([1, R]) ac-
cording to their length with the partition of [1, R] given above and consider the

graphs Co1s g 1 (QP) for p € [0, [log R]].

p = 0: If R is even, Cq21+(log1ﬂ (QO) = 0(2(§71+1)+1)21+"10ng (U§—1)7 for which
¢ is a proper coloring in R+ 1 = Q‘QO‘ + 1 colors. If R is odd, Cjg14 s a1 Q") =
0(2(%“)“)21““@ (U%) for which ¢ is a proper edge-coloring in R + 2 =
2‘@0‘ + 1 colors.

LetReNandq:{

p>0: Asqg> 2%, the graph Cq21+ﬂog 71 (QP) has 2P connected components, each
of them isomorphic to C\y1-p+nos a1 (U|Qp\,1). If |QP| = 1, then ¢ is a proper
coloring for each component. Otherwise, ¢2/°¢ 17 > |QP|(2|QP|+ 1) and we can
use Lemma 5 to build a proper coloring for each component. By using the same
2|QP| colors for each connected component, we build a 2|QP|-proper coloring for
Cq21+ﬂog 7 (QF).

Color the edges of C\ 14110z 1 ([1, R]) with distinct colors for each set of edges
so that the coloring remains proper. In the following, we use the super-index ? for
colors used on edges of length d € QP. Lemma 4 ensures that adjacent vertices are
distinguished by the coloring of edges of odd length (coloring of C, g1+ 1oz a1 (Q%)).
The number of colors used is:

|log R |log R
(1) 20Q0 + 14+ Y 20QF| =1+ > 2/@”|
p=1 p=0
[log R|
(2) =1+2| J @
p=0
(3) = 1+2R.

For k > 2, remind all colorings used to color C\ 91+ iz a1 ([1, R]) are periodic
and can be applied on Cy o140z 11 ([1, R]). [ ]

Notice that we can specify exactly how each set of edges is colored. For edges
of odd length, set the vertex v° which indices the coloring ¢,0. When |QP| = 1, set
2P vertices (v;); in distinct connected components of C g1+ iog #1 (QF) which index
the colorings (S%f)i used to color the components. When |QP| > 1, specifying
27 vertices (v!); does not set where the extensions are located. However, we
can guarantee that the coloring on which they are added is Pyp and that they
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are at distance at least 2|QP| of each ’Uf on the connected component, so at
distance at least 2PT1|QP| of each v! on Cor+nogr1 (QF). For a sequence W =
({vP]i € 1, 2%]}) o< p<iog r OF sets of vertices such that for all p and i # j, o £ v?
mod 2P, we denote Py a coloring obtained in this way.

The next category of graphs, for which we want to find AVD-colorings, are
complete graphs of odd order: notice that for R € N*, Kopi1 = Cart1([1, R]).
For a sequence of distinct colors C' = (¢;)1<i<2r+1, let Yo be the coloring of
Koy defined in the following way and illustrated in Figure 4 for R = 3.

e Arrange the vertices of the graph Ksp9 in the form of a regular (2R+1)-gon
with one vertex in the center.
e Color the radial edges following the sequence C.

e Color each remaining edge with the color of the radial edge to which it is
perpendicular.

e Remove the central vertex and the radial edges to get a colored Kop41 graph.

Figure 4. ¥ on Kopiq for R =3 and C = (0,1,2,3,4,5,6). The color of each edge is
written near the middle of the edge.
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The proof that this coloring is vertex-distinguishing is made in [8]. A direct
consequence is the following property.

Property 1. For any sequence of distinct colors C' = (¢;)1<i<2r+1, the coloring
Ve of Kopy1 is a (2R + 1)-adjacent vertex-distinguishing coloring.

3. FUNDAMENTAL RESULTS

In Lemma 6, we build an optimal adjacent vertex-distinguishing edge-coloring on
Cmp([1, R]) where m is the period of the coloring and p € N. In order to prove
Theorem 2, we need to extend this construction to any large enough orders of cir-
culant graphs. We do this by adding extensions to a colored Ci,,([1, R]), namely
making the union of the colored graphs Cy,,([1, R]) and Cx([1, R]), cutting each
graph’s edges between two vertices, and merging the two graphs by reuniting
half-edges of the same color, resulting in a colored Ci,,1([1, R]) graph. After
showing how to add one extension, we compute for any n the value of p and how
many extensions need to be added to Cy,p([1, R]) to get a colored Cy([1, R]).
We divide the proof of Theorem 2 according to the parity of R and start with
the following theorem when R is even.

Theorem 7. For R even and n > (R + 1)2!Fe Bl (R 4 (R + 1)2lle &) — 2R,
Cn([1, R]) admits a (2R + 1)-adjacent vertez-distinguishing edge-coloring.
Proof. Let R be an even integer and n > (R+1)21Flog E] (R+(R+ 1)2llos RJ) -

2R. Firstly, we show how to add one extension of (2R + 1) vertices to

C(R+1)21+ﬂog R ([[1, R]])

Secondly, we compute for k& € N* how many extensions can be added to

Ck(R+1)21+ﬂog r ([1, R])
and how to chose k and u so that Cy([1, R]) is the result of adding v extensions
t0 Cp(ga1)21+108 R1 ([1, R]).
The two colored graphs which we consider are C( Re1)21+og ] ([1, R]) and
Kor+1. The complete graph Kapy1 is colored with ¥, where

(4) C=(0",
(5) 0,70 TR
2

val(R—2) ,val(R
(6) ligr -1 gz s gt s Bgaas o o o0,
(7) pral(R) re rk

0 T -1 Q-1

(8) z%_l,...,z‘f,zg).
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val(21)

, th - .
Fori € [1, %]] thei value in line (6) is { (20 0
‘Qva ) |7 ’VW

W' Line (7) mirrors

line (6) with all [ replaced by 7.

To color the second graph, let W° = {0} and for p € [1,|logR]], let
WP = [1+ 2P~ 3% 2P71]. Consider the sequence W = (WP)y<,<log r and color
Cry1y21+n0s 81 ([1, B]) with a coloring ®yy.

We now consider the union of both graphs and sequence the vertices such that
the sequence inside each component remains the same, and the vertices of the
extension Koy are inserted between vertices 0 and 1 of Cp, 1y91+4n0em1 ([1, R]),
starting and ending with both ends of the edge of length 1 colored with 0°. The
sequence of vertices described by the color missing in their neighbourhood is the
following (for the extension, start at the beginning of line (7), go through lines
(8), (4) and (5) and finish at the end of line (6) in the definition of C):

0o .0 0 val(R) 1 val(R) 10 70 00
9) ...,007700,...,1'571,1'0 ""vr\Ql\_p'"?lO S ) ST ,00, ...
2 2

Base graph Extension Base graph

We call junction vertices the vertices which in this sequence follow or are
followed by a vertex of the other component. They are in bold in Equation (9).

By changing the sequence of vertices we also change the length of some edges.
In order to recover a circulant graph we cut each edge with length at least R+ 1
in two half-edges each incident to one end of the original edge. Cutting an edge
(a,b) results in two half edges, (a, b) incident to a and (a, b) incident to b. We still
write the vertices they are not incident to so that we can keep track of the edge
they result from, notably to associate both half-edges and to remember their
former color and length. We then show that for each vertex v, each half-edge
incident to v can be merged with a half-edge of the same color so that the new
edges connect v to all remaining vertices at distance at most R. The merging
operation is shown in Figure 5 for R = 2.

This will prove that the extension operation does not change the set of colors
and lengths of incident edges of any vertex, so the result is a proper edge coloring
of CyR 14 (Ry1)21+ 08 B] ([1, R]). Its adjacent vertex-distinguishing property can
then be seen by observing in equation (9) that we only add to the sequence of
incident edge color sets one period and R color sets distinct with one another and
with the other color sets.

For each vertex v, let H, = {(a,v) |v is strictly closer than a to a junction
vertex}. We denote by HS the set of colors of the half-edges in H,. We are going
to show that for two vertices u on the extension and v on the base graph at the
same position relatively to the cuts, H = HS. The same is true for the set of
lengths of the cut edges H! and H!. Thus we can merge the half-edges of H, to
the complementary half-edges to the ones of H,,. The same way, by merging half-
edges resulting from edges colored with 0° for which both ends are at the same
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Figure 5. The extension before and after the cut for R = 2. The color of each edge is
written near the middle of the edge.
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distance from the junction vertices, each vertex recovers edges of each length and
each color that it lost from cutting edges.

We consider the vertices before the cut on the base graph (on the left in Figure
5). The first vertex v for which H, # 0 is 1— & (the vertex at distance £ —1 of the
junction vertex 0). Indeed, a half-edge is in H & if the distance between 1 and

the other end b of the corresponding edge is greater than the distance between

—g and 0. This means b > % + 1, so the distance between —% and b is greater

than R + 2, and the edge (— £,b) does not exist in Cryyr+nos a1 ([1, R]). The

half-edge in H, _r is obtained by cutting its edge of length R colored with rgal(R):
2

(10)
E E — val(R)—1 val(R)—1
<I>W<1 2,1+2>_(1 P 142 )
(12) as Oy (1 _ gual(R)=1 _ gual(R) 1 _ 2val(R)71) _ l;)/al(R).

We now show that if a vertex w is between a vertex v and the cut then
HS C HS. Let d € [1,R] and c the color of (—j,d —j) € H_;. If d € QP,
then in the base graph, ¢ is the color of 2P consecutive edges of length d. Let o
be the rank (starting from 0) of vertex —j in this sequence. Let i < j and let
q and r < 2P be the integers such that o + ¢ = 2Pq 4+ r. The integer r is the
rank of vertex ¢ — j in the sequence of 2P rightbound edges of color ¢ and length
d— q2PT1. Thus the edge (i — j,i — j +d —2PT1q) is colored with c. We now show
(i—j,i—j+d—2P"q) € H;_j by proving that j —i <i—j+d—2PT1g—1 ().

If p =0 then ¢ = i and 2°*! = 2. Thus we have (—j,d —j) € H_; =
2j 4+ 1 < d, which proves (). Otherwise, let ¢; and g4 be the integers such that
j+o=2P"1(2¢;+1)—1 and d = 2P(2g4+1). We have o < 2P s0 j > 2P~1(2¢; — 1),
which allows us to write the following implications between d > 25 + 1 and (x):

(13) d>2j+1
2P(2g4 + 1) > 2P(2¢; — 1) + 1
qa>q—1+277"
dd > qj
2P(2q4+1) —2P(2¢; + 1) +1>0
d—2(j4+0)—1>0
d—j—22Pq+r—1)—1>7j
(%) d—2"Tq+i—j—1>j—1i.
For j € |[1, B _ 1]], we have |Hi_;| — |H_;| = 2. The additional colors in

2
C .
Hl—j are:
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e the color rR L from the edge of length R — 1:

R R
(14) Py(l—jR—j)=0w (= —j=—j+1)=r%
2 2 51—

o the (& —]) color in the sequence of colors of line (7). If j+1 = 2P~ 1(2¢ + 1),
this color is T|QP\—q—1’ and it comes from the edge of length 2P(2|QP| — 1)):

(15) Dy (2 - 2071 (2¢ +1),2 — 277 1(2¢ + 1) + 2P (2|QP| — 1)
= dy (2 - 2071 (2¢ + 1) + 2°(]QP| — 1),2 — 2°71(2¢ + 1) + 2P|Q"])
= Ow (2°(1Q7| —q— 1) +2 = 2" 2°(|QP| — g — 1) + 2+ 2" 1)

16 =g

Next we prove HE; = H{jj where v; is the vertex of the extension at the gt
position before the second junction vertex of the extension (on the right of the
cut in Figure 5). Again, for i € [0, j], Hy C Hy . asifce Hj comes from an
edge of former length d, then the edge of length d— 2i crossmg the cut is also
colored with ¢ and generates a half edge in ngii. The set H, R, is also the first

non-empty set of half-edges, as it includes the half-edge obtaQined from an edge
of length R and colored with rSal(R), the missing color of the first junction vertex
(the vertex at distance & of both ends of the edge of length R). The colors in
\ Hy, are

Ujl

e the mlssmg color of the vertex at distance £ 5 from v;_; towards the cut (the
(% 7)™ color in the sequence (7)), which is coloring the half-edge obtained
from its edge of length R;

e the color of the edge between the vertices at distances g —j—1and % -7

away from the left junction vertex (7% ), which is coloring the half-edge
Z_; 1

obtained from its edge of length R — i

We proved HE; = Hy . We also have Hﬂj = Hf,j = [2(j + 1), R]. Notice
that vertex d, which is at distance j + d of vertex —j on the base graph, is at
distance j + d of v; on the extended graph. Thus if (—j,d) € H_;, we can merge
(=j,d) with the half-edge of H,, of the same color, and this way give an edge of
ecach length in H ; to vertex —j. The same can be done to merge the half-edges
of H_j. Also, it can be shown the same way for the vertices on the other side
of the junction vertices. When cutting edges, there are two possibilities: either
each end is at the same distance from the junction vertices, or one is closer and
the other one is further. Thus after cutting the edges there are exactly as many
half-edges incident to a vertex closer to the junction vertices as there are incident
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to a vertex further from the junction vertices. Notice that we merge all the edges
from the first category to distinct half-edges in the second category, while keeping
the length of the half-edge in the second category.

The only remaining half-edges are obtained by cutting an edge with both
ends at the same distance of the junction vertices. These are all colored with
0° and can be merged with one another to recover their original length. We
have shown that for each vertex, we could merge all half-edges incident to this
vertex with half-edges of the same colors to recover edges of each missing length.
The resulting colored graph is Cypqy(gy1)91+Mos 1 ([1, R]) and the coloring is
adjacent vertex-distinguishing.

In this construction, all colors attributed to edges of length in one set QP
play the same role and can be inverted. In order to be able to place an extension,
the cut on the base graph must be between two vertices v and v + 1, where for
all p € [1,|log R]], the rightbound edges of length 2P on the vertices between
the vertex at distance 2?1 — 1 on the left and at distance 2! on the right of
v have the same color. This situation appears for edges of length 2P every 2P
edges, and as it is the case for all p on vertex 0, it is also the case for all p on
vertices 2198 B for all k. Also, the extension modifies only the rightbound (resp.
lefthound) edges of the & < 2l°8£] vertices on the left (vesp. right) of the cut
so an extension can be placed on any of these positions. Therefore, it is possible
to add up to k extensions to Cpypes r ([1, R]).

We have
ged (2R +1,(R+ 1)21+U°gRJ) —1.
Therefore,
Vi < (R+1)2'Fe Rl 31y < (R + 1)21 g K]
such that
So
VzeZ,Nu < (R+1)2' e Rl and v e Z

such that

z=u(2R+1) + v(R + 1)2' e &),

If w < 2v(R + 1) then a coloring of C,([1,R]) can be obtained by adding u
extensions of 2R + 1 vertices to Cygy1)91+10s 5 ([1, R]). The largest value of 2
for which u > 2v(R+1) is :

Zmaz = (R + 1)21 g B <R v (R+ 1)2U°gRJ) — 2R+ 1).

So as n > zZmag + 1, there exists a (2R + 1)-adjacent vertex-distinguishing edge-
coloring of C,,([1, R]). |
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Theorem 8. Let R,n € N*,

o Ifn> (R+2)2tlos il (R4 (R+2)2l°8Bl) —2R and R =3 mod 6 or R=5
mod 6, then Cp([1, R]) admits a (2R +1)-adjacent vertez-distinguishing edge-
coloring.

o IfR=1mod 6 andn > 221+ lloe B (R 4 £E2llos RI) 2R then Cs,([1, R])
admits a (2R + 1)-adjacent vertez-distinguishing edge-coloring.

Proof. The proof of Theorem 8 is the same as the proof of Theorem 7 except
the extension is slightly different and if R =1 mod 6, 2R + 1 is not prime with
the period of the coloring on the base graph. In this case, the extension is not
sufficient to construct C,([1, R]) for all values of n. The base graph is still colored
with &y, where W is defined in the same way as for R even. The sequence C
which is used in W¢ to color Kopyg is:

(17) = (0",

(18) Y, %,

(19) ot -1 Bge 1o g s Bigoy 1o o B g Y,
(20) r(\)fal(R—l), o ?T|2Q2|_17 7"\1@1|_1,

(21) Z%T,l,...,z?,zg).

The proof that H¢ ; C HY_ ;18 still valid. Before the cut on the base graph,
1-R R—1

the last vertex v for which H, = 0 is . For j € |[1,T]], the colors in
Hij \ ch—j are
o 7"?71 (edge of length R);
e and the (% — j)th color in the sequence 19 (if this color is l],z , then it is lost
by cutting an edge of length 2P(1 + 2|QP| — 1)).
Before the cut on the extension, H,, , =0 and for j € [1, %]], the colors
2
in Hy \ Hy . are 7“?71 (edge of length R) and the (% — j)™ color in the
sequence 19 with its edge of length R — 1.

Again, it is possible to add up to k extensions to Ciqpez r) ([1, R]).
We have

ged(2R + 1, (R + 2)2' e £y — gcd(R - 1, 3).

For R # 1 mod 3 and n > (R + 2)2'tllog £ (R+ (R+ 2)2L1°gRJ) — 2R, there
exists u and v such that

n=u(2R+1) + v(R + 2)2' e £l
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and C,([1,R]) can be obtained by adding u (2R + 1)-vertices extensions to
Co(re2)ar+tos v ([1, R]).

For R=1 mod 3 and n > %2”“‘% R (R + %2“‘% RJ) — 2R, there exists
u and v such that

3n = u(2R + 1) + v(R + 2)21 T llos £,

Add u (2R + 1)-extensions to Cypyooi+iesn([1, R]) to get a coloring for
an([[l,R]]). |

4. PERSPECTIVES

In this paper, we proved Theorem 2 which states that x/,(Cy([1, R])) = 2R+1 for
most values of R and n. For values of R and n which are not covered by Theorem
2, the value of X/ (Cy,([1, R])) is unknown. Mainly, the following question remains.

Question 1. Let R=1 mod 6 and n # 0 mod 3. Does there exist a (2R + 1)-
adjacent vertex-distinguishing edge-coloring of Cy([1, R])?

For n # 0 mod 3, it is well known that x,(Cn({1})) = 4 as C,,({1}) is a
cycle which admits a 3-adjacent vertex-distinguishing edge-coloring if and only
if n =0 mod 3. For R > 7, it is unclear whether a (2R + 1)-adjacent vertex-
distinguishing edge-coloring exists for n £ 0 mod 3. A way to prove its existence
would be to find a extension of k-vertices where k # 0 mod 3 which could be
added once or twice to any C3,,([1, R]) colored in the way we defined to get a
coloring of C,([1, R]). However, such an extension does not necessarily exist.

Another question is for any R and n < (R+42)2'+los F] (R+ (R+ 2)2los ] )—
2R whether the theorem holds. The property is not true for all n and R. For
example, X/ (C7({1,2}) = 6, as shown in [15]. However, the authors prove that
for any n > 5 and n # 7, x,(Cr({1,2}) = 5. As a comparison for R = 2 Theorem
2 only covers n > 68 (the coloring we defined can still be applied for 29 out of 63
values of n € [5,67]).

An interesting idea in the proof of Theorem 2 is highlighted by Lemma 4
which introduces a new type of edge-coloring that can be defined in the following
way.

Definition. Let G = (V, E) and G’ = (V, E’) be two graphs on the same set of
vertices, and ¢ : E — ¢(F) be an edge-coloring of G. We say ¢ is (G, G')-vertex-
distinguishing if ¢ is a proper edge-coloring of G and for all w,v € V such that
(u,v) € E', (Ng(u)) # ¢(Na(v)).

Lemma 4 could be written as ¢ is a (Cam43)e({1,3,-..,2m + 1}), Com3)k
([1,2m+2])-vertex-distinguishing coloring. This definition unifies the concepts of



18 S. GRAVIER, H. SIGNARGOUT AND S. SLIMANI

adjacent vertex-distinguishing edge-colorings when G’ = G, strong edge-colorings
when G’ = K|y, and d-strong edge-colorings when G’ is a d-power of G. Observe
that in the proof of Lemma 6 we color the edges of G = Cia;13)x({1,3, ..., 2m +
1}) with a (G, G')-vertex-distinguishing coloring where G’ = Cap, 13y, ([1, 2m +
2]), and we also color the edges of G’ \ G with a proper coloring using colors
distinct from the ones used on G. This concept introduces a new problem for
edge-colorings of graphs.

Problem 9. Given £k € N, G = (V,E) and G’ = (V, E’), does there exist a
(G, G')-vertex-distinguishing coloring using at most k colors?
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