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ABSTRACT

For two positive numbers d and m, an m-L(1, d)-labeling of a graph G is a mapping f : V(G) —
[0, m] such that |f(u) — f(v)| > 1 if d(u,v) =1, and |f(u) — f(v)| > d if d(u,v) = 2. The span of fis
the maximum difference among the numbers assigned by f. The L(1, d)-labeling number of G,
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denoted by 4; 4(G), is the minimum span over all L(1, d)-labelings of G. In this paper, we deter-
mine the L(1, 2)-labeling numbers of square of cycles C, for all values n.

1. Introduction

For two positive numbers d and m, an m-L(1, d)-labeling of
a graph G is a mapping f : V(G) — [0,m] such that |f(u) —
fW|>1if d(u,v) =1, and |[f(u) — f(v)| > d if d(u,v) = 2.
The span of f is the maximum difference among the num-
bers assigned by f. The L(1, d)-labeling number of G,
denoted by 4; 4(G), is the minimum span over all L(1, d)-
labelings of G.

The wireless computer network is called Packet Radio
Network (PRN) if this network communicates by radio fre-
quencies. In PRN, there exist two major types of collisions (or
interferences), one is Direct collision, which caused by the
transmission of adjacent stations (computers); another is
Hidden terminal collision, which caused by distance-two sta-
tions that transmit to the same receiving station at the
same time.

Suppose direct interference can be ignored since it is weak
in a wireless computer network. Bertossi and Bonuccelli [1]
introduced an optimal code assignment to avoid the hidden
terminal interference. This code assignment problem is equiva-
lent to the L(0, 1)-labeling problem if codes are corresponded
to labels.

In general, the direct interference cannot be ignored.
That is, it needs to avoid hidden terminal collision as well
as direct collision. In order to avoid direct interference, any
two adjacent stations are required to be assigned different
codes, then any two distance-two stations need to be
assigned at least d apart codes in order to avoid hidden ter-
minal interference and direct interference, here d > 1. Then,
Jin and Yeh [6] abstracted this code assignment problem to
L(1, d)-labeling problem with d > 1.

L(d, 1)-labeling numbers of graphs for d > 1 have been
studied in many articles. Please referred to the surveys [2, 16].

By now, many researchers have paid attention to the L(1,
d)-labeling numbers of graphs for d > 1 and introduced

some results. For example, Niu [8] obtained L(1, d)-labeling
numbers of paths and cycles. Griggs and Jin [4] studied L(1,
d)-labeling numbers of lattices (grids). Furthermore, Jayasree
and Nicholas [5] introduced L(1, 2)-labeling numbers of cer-
tain generalizes Petersen graphs and n-star. In [3], the authors
introduced the L(j, k)-labeling numbers of trees and stars with
maximum degree. Lam, Lin and Wu [7] worked on L(j, k)-
labeling numbers of product of completed graphs. Recently,
Shiu and Wu determined L(1, d)-labeling numbers of square
of paths in [10]. Moreover, the authors also introduced some
L(1, d)-labeling numbers of graphs in [9, 11-15].

The kth power G* of an undirected graph G is a graph
with the same set of vertices and an edge between two verti-
ces when their distance in G is at most k. G* is called the
square of G.

Two labels are t-separated if the difference between them
is at least t. Similarly, a set of labels is t-separated if the dis-
tance of any two labels from this set is not less than ¢.

For any a € R, [4],, € [0,m) denotes the remainder of a
upon division of m.

Lemma 1.1. Let d be a positive number with 1 <d.
Suppose G is a graph and H is an induced subgraph of G.
Then 11,4(G) > 21.4(H).

Note that Lemma 1.1 is not true if H is not an induced
subgraph. For example, graph K; 5 is a subgraph but not an
induced subgraph of graph K, and it is easy to verify
that /Aul’z(Kl,‘?,) =4>3= 21,2(K4).

Lemma 1.2. [10] Let d be a positive number with 1 < d < 3.
Then 21, 4(P2) > min{5,3 + d}.

2. L(1, 2)-labeling numbers of square of cycles

In this section, the cycle C? is represented by vov; - - - v,,_1vo.
The number of vertices in set S is denoted by [S].
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Theorem 2.1. Let n be a positive integer. For 3 <n <
9, )vl,z(Ci) =n—1.

Proof. For 3 < n <9, any two vertices of C> are adjacent or
distance two apart, this means that labels of vertices in
V(C?) should be different from each other. Then 4;,(C?) >
n—1for3<n<9.

On the other hand, define an L(1, 2)-labeling for C* as
follows.

fvi)=ifor0<i<mn-—1

It is easy to verify that f is an (n — 1)-L(1, 2)-labeling of C?
for 3<n <9.Then 4;,,(C3) <n—1for3<n<9. 0

Theorem 2.2. Let n be a positive integer. For n > 12
and n =0 (mod 6), A1,2(C?) =5.

Proof. For n=6, any two vertices of CZ are adjacent or dis-
tance two apart, then 4, ,(CZ) > 5.
For n > 12, P2 is an induced subgraph of C?, by Lemma
1.1 and 1.2, then /11,2(C3,) > /ll,z(Pé) = 5.

On the other hand, given an L(1, 2)-labeling of C? for
n=0 (mod 6) as follows.

f(vi) = lil¢ where 0 <i<n-—1.

It is not difficult to verify that fis a 5-L(1, 2)-labeling of C2
for n =0 (mod 6) and n > 12.
Hence, 1,,(C?) =5 for n =0 (mod 6) and n > 12. |

For n > 10, it is easy to verify that the vertices of C?
have the following property.

Property 1. For 0 <i < n — 1, vertex v; is adjacent to verti-
ces v, and at distance two from u, where s=[i*1],
ix2], t=[i*x3],[i*4], then |[f(v;))—f(v)]>1 and

fvi) =f(n)| = 2.
Theorem 2.3. 1, ,(C%,) = 8.
Proof. Let f be an L(1, 2)-labeling of C%,.

Claim 1. If v, v; are two different vertices of graph C3, and

fvi) =f(v), then j=[i+5],, and |[f(vi) —f(vi)| = 2 for
i 75] 7é k and i,j,k € Zyp.

Proof of Claim 1. Suppose the claim does not hold. That is,
if v;, v; are two different vertices of graph Cf, and f(v;) =
f(v;), then we have the following two cases.

1. If j#[i+5],y then j=[i+p|,,, where pe {-1,1, —
2,2, — 3,3, —4,4}. By Property 1, v;, v; are adjacent or
distance two apart, this means that |[f(v;) — f(vj)| > 1,
it contradicts to f(v;) = f(vj).

2. Ifj=1[i+5],, and |[f(v) —f(vi)| < 2 for some k # i,j,
this means that v, should be adjacent to v; or at least
distance three apart from v;. In graph C}), only vertex
Viiys,, is at distance three from v;. Since j = [i+ 5],
and k #j, then v, should be adjacent to v; By the
property of Cj), v should be at distance two from

vertex v;, then |f(vk) —f(v;)| > 2. It is a contradiction

since f(vi) = f(vj).

Hence, the claim is proved. 0

Suppose m pairs of vertices have the same labels. This
implies that (10 — 2m) vertices have different labels.

e If 0 <m <4, by Claim 1, 11,5(C})) > 2(m — 1)+ (10 —
2m)+ 1=9.
e If m=5, by Claim 1, 11,5(C3,) > 2(5—1) = 8.

Then, 4;,,(C%,) > 8.
On the other hand, define an 8-L(1, 2)-labeling f for C3,
as following shows.

fwo) =f(vs) =0, f(v1) =f(ve) =2, f(v2) =f(v7)
=4, f(v3) =f(vs) =6, f(va) =f(v9) =8.

It is easy to verify that f satisfies the constraints of L(1,
2)-labeling. Hence 4;,2(C%,) = 8. O
= 6.

Theorem 2.4. 1;,(C%))

Proof. Let f be an L(1, 2)-labeling of C?,. By Property 1,
f(vo) is different from f(v;) for i =1,2,3,4,7,8,9,10. Then
we have the following cases.

e If all wvertices have the different labels, then
r2(C3) > 10.

o If there exist two vertices which have the same label, by the
symmetry of cycle and Property 1, without loss of general-
ity, let f(vo) = f(vs) = a. Since vertices vi, v4, vg are at dis-
tance two from each other, v, is at distance two from v,,
vg, and vs is at distance two from v,, vg then set

{a,f(v1),f(va),f(vs)} are 2-separated. Then A,(C?) > 6.

On the other hand, given an L(1, 2)-labeling f for C%, as fol-
lows.

fvo) = f(vs) fn) =1, f(vo) =f(v7) =2,
fvs) = f(v) flva) =5, f(vs) =f(v0) =6, f(vs) = 3.

It is easy to verify that f is a 6-L(1, 2)-labeling of Cj,.
Hence 4;,(C%) = 6. O

Let f be an L(1, 2)-labeling of G and v; € V(G) for 0 <
i<n—1. Then (f(vo), f(v1), -+, f(va—1)) is called label
sequence, denoted by S;(G). The set of labels {f(v;)|v; €
V(G),i € Z,} is denoted by f(G).

:O,
=4,

Lemma 2.5. Let n be a positive integer. For n > 13
and n # 0 (mod 6), 11,,(C2) > 6.

Proof. Suppose 21,,(C2) < 6. Since PZ is an induced sub-
graph of C2 for n>13, then 1,,(C2) > A1,2(P) =5 by
Lemma 1.1 and 1.2. Suppose 4;,2(C2) = 2 if n > 13 and n #
0 (mod 6). Let f be a A-L(1, 2)-labeling of C2.

If a vertex is labeled by 0, the vertex is called O-vertex.
After removing 0-vertices from cycle C,, the resulting graph
is a disjoint union of paths. More precisely, suppose the



number of O-vertices is m. For convenience, let the cycle
Co=uPyuy - upPpuy and f(uy) =f(ua) = -+ =f(um) =
0, where P; includes at least one vertex.

Note that each vertex in P; cannot be labeled by 0.

Claim 2. For 1 < i < m, P; must include five vertices.

Proof of Claim 2. We consider the vertices u;Pju;y; for an
arbitrary i € {1,2,3, ---,m}. Without loss of generality, let
uiPiuiy = voviva -+ VpVpy1, where f(vo) = f(ui) = f(uis1)
= f(vp+1) = 0. By Property 1, p > 4.

1. If p=4, then f(vo) =f(vs) =0, by Property 1, f(v;) €
[2,6), where j=1,2,3,4. According to the symmetry of
cycle, without loss of generality, let f(v,) € [2,3) U [3,4).
o If f(v;) €[2,3), then f(v;),f(v4) €[3,6) since v,

and v, are at distance two from one vertex which is
labeled by 0 and adjacent to v,. Moreover, v; and v,
are distance two apart mutually, then f(v;),f(v4) €
[3,4) U[5,6). Since v; is adjacent to v, and v,
f(vs) € [4,5). Since vg is at distance two from v,, v3
and adjacent to vs, basing on the above conclusion,
f(vs) > 6, where index 6 should be taken in modulo
n. It contradicts the hypothesis.

o If f(va) €[3,4), then f(v1),f(v4) €1[2,3)U[4,6)

since v; and v, are at distance two from one vertex
which is labeled by 0 and adjacent to v,. Moreover,
vy and v, are distance two apart mutually, then one
of f(v1) and f(v4) lies in [2,3) and f(v3) € [4,6). If
f(v1) € 12,3), by Property 1, we have f(v,_;) €
[1,2) since the length of [2,3) is less than 1.
Similarly, by Property 1, f(v,—2) € [5,6). This forces
f(vu_3) € [4,5) and hence f(v,_4) €[3,4). Since
vy_s is distance two apart from v, ; and v, ,,
according to the above conclusion and Property 1,
f(vu_s) € [3,4). Tt contradicts f(v,_4) € [3,4) since
the length of [3,4) is less than 1 and vertex v,_s is
adjacent to vertex v,_4.
Thus, f(v4) € [2,3). Since v is at distance two from
v, vs and f(vs) =0, f(vs) € [1,2). Recall that
f(vs) €2,3) and f(vs) € [4,6). Since v, is at dis-
tance two from vs;, vy, by Property 1, f(v7) € [0,1).
It contradicts f(vs) = 0 since the length of [3,4) is
less than 1 and d(vs,v;) = 1.

2. Ifp>6, then f(v;) € [1,6) for i € {1,2,3,4,5,6}. Since
vertices vi,v,, -+ -,V induce a subgraph PZ of C2. By
Lemma 1.2, 1;2(PZ) > 5, it is a contradiction since the
length of [1,6) is less than 5.

Hence, p =5.That is, the claim is proved.

Since n # 0 (mod 6), there exists at least one part P, which
cannot include 5 vertices, for some s € {1,2, ---,m}. It contra-
dicts to Claim 2. Hence, 4;2(C2) > 6 forn #0 (mod 6). [

Theorem 2.6. 1 »(C2) =7 for n=15, 16.

Proof. Suppose 41,2(C2) = A < 7. By Lemma 2.5, ; ,(C?) >
6 for n=15, 16. Let f be a A-L(1, 2)-labeling for graph C2,
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where n =15, 16. It means that f(C?) C [0,7) for n=15, 16.
For convenience, let [0,7) = US_(I; and the subinterval I; =
[i,i+1). It implies that n vertices are divided into seven
parts po, p1, - - -» P, the labels of vertices in p; lie in I;, where
i € Z7 and n =15, 16. This forces that

at least one part contains atleast 3 vertices. (2.1)

By Property 1, any two vertices in set {vVii1,Vit2,
Viys,Vipa} are labeled by 1-separated labels, where i€ Z,
and the indices should be taken in modulo n. For conveni-
ence, let a-vertex represent the vertex whose label lies in I,

1. If n=15, then

pi contains at most three vertices of graph Cis,
where i € Z;.
(2.2)

According to conclusion (2.1) and (2.2), at least one
part of po,p1, - -+, pe contains 3 and only 3 vertices.Let
pi = {u1,uy, u3} for some i€ Z;. Then the i-vertices
divide graph Ci, into three parts. For convenience, let
C?, = w1 Pyuy PyusPsuy. By Property 1, |P| > 4, where
s=1, 2, 3. Since |Py|+ |P,| + |P;| =12, then |P;|=
|P;| = |P3s| =4. According to Property 1, f(P;) C
[0,i—1)U[i+2,7) for s=1, 2, 3 if the intervals exist.
Then the labels of 12 vertices lie in four or five subin-
tervals. That is, we can obtain the following conclusion.

If p; contains 3 vertices, then no vertex lies in p;+;

if the parts exist, where i € Z;.
(2.3)

e If i#0,6, then 12 vertices lie in four parts, say
DPa> Pb> Po> Pa- By (2.2), each of pg, pp, pe pa contains 3
vertices. According to (2.3), the differences among
i,a,b,c,d are at least 2, it is impossible
since i,a,b,c,d € 7.

e Ifi=0 or 6, then 12 vertices lie in five parts, say p,,
DPb» Po Pa> Pe- By (2.2), at least two of pa, prspe> Pas Pe
contain 3 vertices. Without loss of generality, let p,,
Py contain 3 vertices. by (2.3), at least 3 parts con-
tain no vertices. This implies that four parts contains
15 vertices. It forces that at least one part contains
at least 4 vertices, it contradicts the conclusion (2.2).

2. If n=16, by Property 1, p; contains at most four verti-
ces of graph Ci,, where i € Z;. Suppose p; contains
four vertices of graph C}, for some i€ Z;. Let p; =

{u1, uz, u3, us}. Then the i-vertices divide graph Ci into

four parts. For convenience, let Cfs = u;PiuyPrus

PsuyPyuy. By Property 1, |Ps| > 4 for s =1,2,3,4. It is

a contradiction since |Py|+ |Py| + |Ps| + |Ps| +4 > 20

and CfG contains only 16 vertices. Thus,

pi contains at most three vertices of graph Ci,

where i € Z
(2.4)
According to conclusion (2.1) and (2.4), at least two

parts of po,p1, - -+, ps contain 3 and only 3 vertices. Let
pi» p;j contain 3 vertices for some i,j€ Z; and
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i # j.Without loss of generality, let p; = {vo,vs,v10} for
some i€ Z;. For convenience, let C%6 = voP1vsPyv1g
P3V() and |P3| =5and |P1| = |P2‘ =4.

o Ifi#0,6, then f(Py),f(P;) C[0,i—1)U[i+2,7) if
the intervals exist. It means that no entry of P;, P,
lies in p;_1,pi pir1- This forces that f(vy), f(v2),
f(vs) and f(v4) lie in four different intervals
respectively. Let f(vi) € Lo, f(v2) € I, f(v3) € I,
and f(v4) € Iy, where {a,b,c,d} =Z;\ {i — 1,i,i+
1}. Since d(vi,v4) =2, |a—d|>2. Similarly,
fs)s f(v7), f(vs), f(vo) € I, UL, UL Uly. Since vg
is at distance two from v, and v; and adjacent to vy,
flve) ¢ I, UL Uy, that is, f(vs) € I,. This implies
that |a — b| > 2 and |a — ¢| > 2. Similar to the above
discussion, we can obtain that f(v;) € I, and f(vg) €
I.. Since v, is distance two apart from vs,v, and
d(vs,ve) =2, |b—¢c|>2, |b—d|>2 and |c—d| >
2. According to the above conclusion, any two num-
bers of i,a,b,c,d are 2-separated, it is impossible
since i,a, b, c,d € Z.

e If i=0 or 6, according to the above case, j € {0,6}.
Without loss of generality, let i=0,j=6. Then,
Ipo| = |ps| = 3. It means that py = {vg,vs, v1p} and
each part of P;, P, and P; contains one vertex which
lies in ps That is,f(v1),f(v2),f(v3) € [2,7).
According to the symmetry of the graph, without
loss of generality, let one of f(v11), f(v12) and f(v13)
lie in I,.

(a) If f(vi1) € Is, by the Property 1, f(vs) € Is and
then f(v;) € Is. This forces that f(vs), f(va),
f(v;) lie in L, I, I, separately. It is impossible
since v, is at distance two from vertices v; and v,
and f(v7) should be 2-separated from f(v;) and
f(v4) but the length of L UIL; =[2,4) is less
than 2.

(b) Iff(Vlz) € I, thenf(vG) € I orf(w) cIg.

e Suppose f(vs) €Is. Then f(v))€ls. It
forces that f(va),f(vs),f(va) € LUL UIL.
According to the above conclusion, we
have that f(v;) € Is and then f(vi5) € I;.
That is, f(Vz) €, f(V3) €I, f(V4) € Iy.
It forces f(vi;) € I. Since vertex vy, is at
distance two from vertices vy, v,, v1; and
f(V]),f(Vz),f(Vll)€I3UI4UI6,f(V14)EIoL_JIl.
It is impossible since v,4 is adjacent to ver-
tices vy, v;5 whose labels lie in I, and I;.

e Suppose f(v7) € Is. According to the Property
1, f(Vz) €lg or f(Vl) cls. If f(‘l/z) € I,
then f(vs), f(va), f(vs), f(vs), f(w) €
I, U I; U I. Since v is at distance two from
vs and vy, f(v3), f(vs), f(vo) € L U 4.
That is, f(v4), f(vs) € L. It is a contradiction
since d(v4, vs) = 2 and the length of I is less
than 1. Thus, f(v;) € Is. Basing on the above
conclusion, we have f(vs), f(va), f(vs), f(vs),
f(V13) eLUIZUI,. Since d(V4,V8> = d(V9,
vi3) = 2, f(va),f(vg) lie in L, and I, separ-
ately, so do f(vs),f(v13). It means that f(vg),

f(Vg) S 12 U 14.
Recall that f(v;) € Iy and f(vy) € I, this
forces f(vi;) € I. It implies that f(vg) €
12, f(Vg) € 14, and then f(V13) S 14, f(V4) S
I,. Since vy4 is at distance two from v;; and
vy, f(via) € I. Similarly, we obtain that
f(vis) € Is. Since w5 is distance two apart
from v, and v; which are adjacent to vy,
f(n),f(vs) €. Tt is impossible since the
length of I is less than 1.
(c) Iff(V]g) € Is, then f(Vg) € I or f(V7) € Ig.

e Suppose f(v;) €Is. Then f(v;) €. It
forces that f(v1),f(vs),f(va).f(vs) € LU
LUl Since d(vi,vs) =2, f(v1).f(va) €
I, UI,. This forces that f(vs) € I;. Since v;
is distance two apart from vs, f(vs) ¢ L U
L UI. Tt is a contradiction since f(vg) €
Iz U 13 UI4

e Suppose f(v3) € Is. By the symmetry of the
graph and the above case, f(v3) ¢ Is, that
is, f(va) €ls. It causes f(v1), f(va),
fe), f(ve) € L ULz UI. Since d(vy,v4) =
2, then f(v1), f(vs4) lie in I, and I, separ-
ately. Similarly, f(vs), f(vo) also lie in I,
and I, separately. Since vy, v¢ are two adja-
cent vertices, f(v4) and f(v) are 1-sepa-
rated. That is, f(v4) and f(vs) lie in I, and
I, separately and so do f(vy) and f(v;). By
the symmetry of the graph, without loss of
generality, let f(vo) € L and f(v,) € L.
Since vy, is at distance two from vg, v and
adjacent to vyg, f(v12) € Iy. Similar to the
above discussion, f(vi4) € . Moreover,
d(Vu,VM) = d(Vu,Vg) =2 and d(Vu,Vlo) =
d(Vu,V]z) = 1, f(Vu) ¢ Io UIl Ulz UI3 UI4 U
I;UIg. Tt is a contradiction.

Thus, 41,2(C2) > 7 for n=15, 16.
On the other hand, given two L(1, 2)-labelings f; and f,
for Ci,, C%, respectively, as follows.

S;(C%) = (0,1,2,3,4,5,6,0,1,2,3,4,5,6,7);
S,(C%) = (0,1,2,3,4,5,6,7,0,1,2,3,4,5,6,7).
It is easy to verify that f;, f, are two 7-L(1, 2)-labelings of
Ci,, C3, respectively.

Thus, 41,,(C?) < 7 for n=15, 16.
Hence, 41,,(C?) =7 for n=15, 16.

for

Theorem  2.7.
and n # 0 (mod 6).

J1,2(C}) =6 n>13,n# 15,16

Proof. By Lemma 2.5, 1;,(C?) > 6 for n>13 and n #
0 (mod 6).

On the other hand, define several L(1, 2)-labelings for C?
as follows.

1. Forn=1 (mod 6), given an L(1, 2)-labelings f; for Cﬁ
as follows.
filvi) = [i]s for 0 <i <n—2;



fl(vn—l) = 6.

2. For n=2 (mod 6), given an L(1, 2)-labelings f, for C>
as follows.

fZ(Vi):[i]é for Oélgn_ls’
hv)=li—-n+14], forn—14<i<n-—1.

3. For n=3 (mod 6), given an L(1, 2)-labelings f; for C>
as follows.
f(vi) =i]s for 0 < i <n—22;
fvi)y=li—-n+21,forn—21<i<n-—1

4. For n=4 (mod 6), given an L(1, 2)-labelings f, for C?
as follows.
fa(vi) =[i]s for 0 < i <n—29;
falvi)=li—n+28), forn—28<i<n-—1

5. For n=5 (mod 6), given an L(1, 2)-labelings f5 for C?
as follows.
fs(vi) = [i]s for 0 < i < n — 36;
fs(vi)=[i—n+35], forn—35<i<n—1.

6. For n=17, given an L(1, 2)-labeling fs for Ci, as fol-
lows.

S, (Ch,) = (0,1,2,4,5,6,0,2,3,4,5,0,1,2,3,4,6).

7. When n=22, 23, 29, given an L(1, 2)-labelings f;, fs
and f, for C3,, C%, and C5,, respectively, as follows.

S, (C3,) =(0,1,2,4,5,6,0,2,3,4,6,0,1,2,4,5,6,0,2,3,4,6);
S5, (C33) =(0,1,2,3,4,5,6,0,2,3,4,6,0,1,2,4,5,6,0,2,3,4,6);
S, (C39) =(0,1,2,3,4,5,6,0,1,2,4,5,6,0,2,3,4,6,0,1,2,4,
5,6,0,2,3,4,6).

It is not difficult to verify that f; satisfies the constraints of 6-
L(1, 2)-labeling, where i = 1,2, - - -,9, here we omit the detail.
Then A1,,(C2) <6 for n>13, n#15,16 and n# 0 (mod 6).

Disclosure statement

No potential conflict of interest was reported by the authors.

AKCE INTERNATIONAL JOURNAL OF GRAPHS AND COMBINATORICS e 5

Funding

This work was completed with the support of National Natural Science
Foundation of Chinal0.13039/501100001809 (No.11601391).

References

(1]

(2]

(3]

(4]

(5]

(7]

(8]

(10]
[11]
(12]
(13]

(14]

(15]

(16]

Bertossi, A. A, Bonuccelli, M. A. (1995). Code assignment for
hidden terminal interference avoidance in multihop packet
radio networks. IEEE/ACM Trans. Netw. 3(4):441-449.
Calamoneri, T. (2011). The L(h, k)-labelling problem: An
updated survey and annotated bibliography. Comput. J. 54(8):
1344-1371.

Calamoneri, T., Pelc, A, Petreschi, R. (2006). Labeling trees
with a condition at distance two. Discrete Math. 306(14):
1534-1539.

Griggs, J. R, Jin, X. T. (2007). Recent progress in mathematics
and engineering on optimal graph labellings with distance con-
ditions. J. Comb. Optim. 14(2-3):249-257.

Jayasree, K. R, Nicholas, T. (2011). The minimal L(1, 2)-label-
ings of generalized Petersen graphs. Int. J. Eng. Sci. Technol.
3(1):318-328.

Jin, X. T, Yeh, R. K. (2005). Graph distance-dependent labeling
related to code assignment in computer networks. Nav. Res.
Logist. 52(2):159-164.

Lam, P. C. B, Lin, W, Wu, J. (2007). L(j, k)-labellings and cir-
cular L(j, k)-labellings of products of complete graphs. J. Comb.
Optim. 14(2-3):219-227.

Niu, Q. (2007). L(j, k)-labeling of graph and edge span. M.Phil.
Thesis. Southeast University, Nanjing, China.

Shiu, W. C, Wu, Q. (2013). L(j, k)-labeling number of direct
product of path and cycle. Acta Math. Sin-English. Ser. 29(8):
1437-1448.

Wu, Q, Shiu, W. C. (2017). L(j, k)-labeling numbers of square
of paths. AKCE Int. J. Graphs Comb. 14(3):307-316.

Wu, Q. (2018). L(j, k)-labeling number of generalized Petersen
graph. IOP Conf. Ser. Mater. Sci. Eng. 466:012084.

Wu, Q. (2018). L(j, k)-labeling number of Cactus graph. IOP
Conf. Ser. Mater. Sci. Eng. 466:012082.

Wu, Q, Shiu, W. C. (2017). Circular L(j, k)-labeling numbers of
square of paths. J. Comb. Number Theory 9(1):41-46.

Wu, Q., Shiu, W. C, Sun, P. K. (2014). Circular L(j, k)-labeling
number of direct product of path and cycle. J. Comb. Optim.
27(2):355-368.

Wu, Q, Lin, W. (2010). Circular L(j, k)-labeling numbers of
trees and products of graphs. J. Southeast Univ. 26(1):142-145.
Yeh, R. K. (2006). A survey on labeling graphs with a condition
at distance two. Discrete Math. 306(12):1217-1231.



	Abstract
	Introduction
	L(1, 2)-labeling numbers of square of cycles
	Disclosure statement
	References


