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Abstract— In this paper we find the radio D-distance number
of some standard graphs. If u, v are vertices of a connected graph

D
G, the D-length of a connected u-v path s is defined as I (s) =

I(s) + deg (v) + deg (u) + z deg(w), where the sum runs over all
intermediate vertices w of s and I(s) is the length of the path. The

D
D-distance d (u, v) between two vertices u, v of a connected

D
graph G is defined a d°(u, v) = min{l (s)}, where the minimum is
taken over all u-v paths s in G. In other words, d°(u, v) =

min{l(s) + deg(v) + deg(u) + Edeg(W)}, where the sum runs over
all intermediate vertices w in s and minimum is taken over all u-v
paths s in G. Radio D-distance coloring is a function

D
V6 > Nachthat @ v+ F)=F)l 5
, o : D
diam (G) + 1, where diam (G) is the D-distance diameter of
G. A D-distance radio coloring number of G is the maximum

D
color assigned to any vertex of G. It is denoted by e (G).

Keywords— D-distance, Radio D-distance coloring, Radio D-
distance number

l. INTRODUCTION

By a graph G = (V (G), E (G)) we mean a finite undirected
graph without loops or multiple edges. The order and size of G
are denoted by p and g respectively.

If u, v are vertices of a connected grgph G, the D-length of

a connected u-v path s is defined as i (s) = I(s) + deg (v) +
deg (u) +2 deg(w), where the sum runs over all intermediate
vertices w 05 s and I(s) is the length of the path. The D-

distance (u, v) between two vertices u, v of a connected
graph G is defined a dP(u, v) = min{j’ (s)}, where the
minimum is taken over all u-v paths s in G. In other words,
do(u, v) = min{l(s) + deg(v) + deg(u) + Edeg(W)}, where the
sum runs over all intermediate vertices w in s and minimum is
taken over all u-v paths s in G. Radio D-distance coloring
is a function H V(G) — N such thatfj (u, v) +
|f(w) — f(w)] 5 diam (G) + 1, where diam (G) is the
D-distance diameter of G. A D-distance radio coloring number
of G is the maximum color assigned to any vertex of G. It is

fa)
denoted by "™ (G). The D-distance was introduced by
Reddy Babu et al. [18, 19, 20].
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Let G be a connected graph of diameter d and let k an

integer such that 1 =Kk =4, A radio k-coloring of G is an
assignment f of colors (positive integers) to the vertices of G

such that d(u, v) + 1f () = FI = 1 4 kfor every two
distinct vertices u, v of G. The radio k-coloring

number Tck(f) of a radio k-coloring f of G is the
maximum color assigned to a vertex of G. The radio k-

chromatic number "<%(G) is min{" “x(f)} over all radio k-
colorings f of G. A radio k-coloring f of G is a minimal radio

k-coloring if T “x(f) = T “k(G). A set S of positive integers is a
radio k-coloring set if the elements of S are used in a radio
k-coloring of some graph G and S is a minimum radio k-
coloring set if S is a radio k-coloring set of a minimum radio
k-coloring of some graph G. The radio 1-chromatic

number T€1(G) is then the chromatic number X(G). When
k = Diam(G), the resulting radio k-coloring is called radio
coloring of G. The radio number of G is defined as the
minimum span of a radio coloring of G and is denoted as
rn(G).

Radio labeling can be regarded as an extension of distance-
two labeling which is motivated by the channel assignment
problem introduced by W. K. Hale [6]. G. Chartrand et al.[2]
introduced the concept of radio labeling of graph. Also G.
Chartrand et al.[3] gave the upper bound for the radio number
of path. The exact value for the radio number of path and cycle
was given by Liu and Zhu [10]. However G. Chartrand et al.[2]
obtained different values for them. They found the lower and
upper bound for the radio number of cycle. Liu [9] gave the
lower bound for the radio number of Tree. The exact value for
the radio number of Hypercube was given by R. Khennoufa
and O. Togni [8]. M. M. Rivera et al. [21] gave the radio

number of Cn X Cn, the Cartesian product of Ca. In [4] C.
Fernandez et al. found the radio number for complete graph,
Star graph, Complete Bipartite graph, Wheel graph and Gear
graph. M. T. Rahim and I. Tomescu [17] investigated the radio
number of Helm graph. The radio number for the generalized
prism graphs were presented by Paul Martinez et al. in [11]. In
this paper, we fined the radio D-distance coloring of some
standard graphs.

Definition [12]: The ragio D-distance coloring is a function
f:v(G) = N such that & (u, v) + If(w) —f(») =

: . D
diam (G) + 1, where diam (G) is the D-distance diameter
of G. A radio D-distance coloring number of G is the
maximum color assigned to any vertex of G. It is denoted by
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D
re (G). In this paper, we find the radio D-distance number of
some graphs.

1.  MAIN RESULTS
Theorem 2.1

The radio D-distance number of complete graph K,
mP(Kn) = n.

Proof
. D D
Since diam (G) = d (U, v) for any u, v € vV(En), the
radio D-distance condition implies | f(u) — f(v) | = 1 for all
u, v = V(Kn).

Since f: vy ND is injective, it follows that
J’””"L_J(*r{n)5 n. Hence ™™ (Kn) = n, since vl =
s Ky =
Theorem 2.2

D
The radio D-distance number of star graph Kin, 77 (1)
=n+3,ifn =2

Proof

Let V(KLH) ={ %, V1 V2 . Vn}be vertex set, where
Y is the apex vertex and E(KLH) ={YoViforalli=1,2,...
, n} be edge set. Then l:iﬂ(’”t:'r Vyy=pn+2 15L= g
d° ViV g 1= 6 J = sodiam® Kiny ooy
The radio D-distance condition becomes

dﬂ(vi’”j) HF@) —F)] = n + 5, for any vi, vj =
vEny Now, 87 vo,vo) + IF (o) = F ()l = 45
Therefore, MP(Ky,) =n+3 ifn>2.
Theorem 2.3

The radio D-distance number of Book with triangle page
graph Kz + mK;,

D
m Ko+ mfy)y= m?_3m+5if mZ5

Proof
Let V(Ez + mE1) = (V1 V2 Wy Up Uz Uy pe
vertex set and E(Xz + mf1) = (1¥2 Vil Vol forij=1,
D ..
2, ...,n}. Then d ey =m+7,1=0J = qand

n .o .
d Vely =m+ 4 TL2 g4 1275 1 and

D
d” ¥4, V2y = om + 3,
. D
Then diam 2 + mi1)=om+3.
Let f(yij = f('l?:j = f(ui:] = f(ﬂ.:j {:_ o =
f(lm-1) < f(lm)

The radio D-distance condition is

©2018 NIRCT | ISSN: 2454-5988

dD(VL Vo) + |f(t’1j _f(iﬂzjl = 2m+4
dD(VZ, Up) + |f[:t’::] _f(uljl = om+4.
d‘g(ul, Up) + |f(u1j - f(uzjl = 2m+4

Define f(u) =i(m—3) +5,1 = = m,

Hence,rnD(KZ + mK1) = m?-3m +5.
Note

mP(2 + m1) = 9 if 2<m<4.
Theorem 2.4

D
_ The radio D-distance number of bistar By, ™™ (Bnn) =

n+3n+8,n = 2

Proof

Let V(Brn) = V1, V2,
Xy Xg

,J'l"]:'zJ'T"t’il u’!, . Uy,

} be vertex set, where *1, *z are the central vertices.
E(Bnn) ={ ¥1%2 ¥1V; X2l 1 j=1 2 ... n} be edge set.
Then & (*1:%2) = 2n + 3, dﬂ(xifui) = dﬂ(ﬂe:x:) =2n+
; i) o -
511 d Ul =d VoV, 5 S1j<,

D : .
A7Vl = on+ 7,15 1 = Then, diam” By -
2n+17.

Let f(Ya) < fd1) < f(V2) <qUa) < < V) <
f(lm) = (1) = f(¥2),

The radio D — distance condition is

d°(M1, By + | fF1) - f(H1)|>2n+8

dP(*1, Y2) + | f(%1) - f(V2)|>2n+38

and d°(Y1, Vz) + | f(¥1) - f(¥2)|>2n+8

d°(Vz2, U2y + | f(Y2) - f(*2)|>2n+8

and d°(%1, Y2y + | f(t1) - f*2)|>2n+8

fV)y=(n+3)i-Mn+2), fM)=(n+3)i-(n+1),1
L E n.

Fi

dP(Mn, X1) + | f(%n) - f(*1)|>2n+8

and d°(Vn, ¥1) + | f(¥n) - f(*1)|>2n+8
do(*1, X2) + | f(*F1) - f(*2)|>2n+38

and d°(%n, *2) + | f¥n) - f(*2)|>2n+8
Hence, rn‘D(Bm) _n’ +3n+8,n = 2.

Theorem 2.5

The radio D-distance number of subdivision of a star graph
S(K 1n),
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o
T S(Kin) = 6n+11, n =2

Proof

......

and E(S(KLH)) = {Vo¥; Vil3 1 =L = wwhere Vo isthe

D : D
apex vertex. Then @ (Vorlly =4 1S 1= d” W, 1y =

n+51=1t=p

D ;o D

d PV =n+e 1=4Lj = n,d Foly= s,
1S0= ==, 1#]

1£j'£n'i¢_}'l So

d® Mol - ny1015 05
diam® 5Ky = n+ 10,

Let f(¥1) < fU2) < fHa) < | | T fln-1) =
f(Un) <f1) < fV2) <. S V) < f(Vo),

The radio D-distance condition becomes

dP(uy, U2) + | fug) —f(u) |=n+ 11

Oz, us) + | fug) — f(us) | > n+ 11, fu) =i, 1= L=
f(u)) =n

d®(Un, v2) + | fun) —f(ve) |=n+ 11,

and d®(uy, v1) + | flug) — f(va) [= n + 11, f(Y1) = max{n
+3,n+8}=n+38

and d°(vy, Vo) + | f(vi) — f(v2) | > n + 11,

fu)=n+5i+3,1=1 = p

dP(Vn, Vo) + | f(vn) — (Vo) | > n+ 11,f(vo) =6n+11

Hence, T“D(S(Km )=6n+11, n = 2.
Theorem 2.6

The radio D — distance number of complete bipartite graph
Komm is

Tﬂﬂ(f{mn): n? +m@-n+n+l, n=m=2,
Proof

LetV(Kmn) =AY B, where A={U1 Uz | Um} and
D
B={Y1, V2, ..., Un}bethe partite sets. Then @ (V)=

: : o
ntm+1,151Sy 1=/ =, d FeViy=n+2m+2,1
<ij<,

o . .
d (uz'ru_;.') =2n+m+ 2 1 = L] = m. So
. D

diam (Km,n)=2n+m+2,n3m32.

Then, by th radio D-distance condition f(A) = {1, 2, . . .,
m}

Without loss of generality, let f(ui] = f(uzj = f(uﬂ:] <
S f(Ume1) (),

©2018 NIRCT | ISSN: 2454-5988

That is, f(#m) = m. And let f(¥m) < f(¥1) < f(¥2) <
L fm-1) < f(Vm).

d®(Um, V1) + | f(um) — f(v2) | >2n+m+ 3, f(v)) >n+m+2,
f(vi)=n+m+2

dP(va, v2) + | f(va) — f(v2) | > 2n + m+ 3,f(vo) =2n + 3
dP(vz, va) + | f(v2) — f(va) | > 2n+ m+3,f(vs) =3n-m + 4

dO(vs, va) + | f(va) — f(va) | >2n + m+ 3,f(va) = 4n — 2m +

fv) = in—(i-2m+(i+1),3=1=p

o 2

Hence, TT (Kmn): nim@-n+n+1, n=m
=
=2.
Note

b

When m =n, m (Kmn) =3n+1.

Definition
L)
The graph ~n

denoti?ngg the one point union of t copies

K'I-\.t}
3 ) is called friendship

[t
cycle Cn. The graph € (or
graph.

Theorem 2.7

(e

CE is

The radio D — distance number of friendship graph
b (£
-3y =346 tZ 2,
Proof
C'Zr}
Let V(™3 )={%, "1, ¥z ..
, Y2t}, where Yo is the apex vertex.
() , .
Lot ECa )= o¥i 1S 1S g Vit 1 S 1S
t}. Tht—zn':i (Vir Veti) :5,15 L Et,

Ve Vesq Vega

D : D
Dd VorVs) = op3, 1 = L= d (Ve+ir Vit1) =
d (Vetir ”r+i+1):2t+6,15 L=y,

so diam® (C;7) - o 4 6 et 1v0) < f¥2) <
fV3) < S ) < fUre) << Prre-n) <
f(V2e) = f(Y0),

The radio D-distance condition becomes

do(vi , Vi) + [ fvi) —f(vis )= 2t + 7, fiv) =i, 1
< i<,

dP(vy, Vivn) + | f(v) — F(Ves1) |2 2t + 7, f(veer) =t+1

But, dP(vy, Vs 1) + | f(ve) — f(Vee1) |22t + 7, f(vier) =2t +
3and

dP(vy, Vie 1) + | f(ve) = f(Vie1) [ > 2t + 7,f(vie 1) =2t +3
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dO(v2, Vis2) + | f(ve) — f(Viv2) | > 2t + 7,f(vi+2) =2t + 4,
f(visi) =2t+i+2, 1= 1=
dP(va, Vo) + |f(V2t) — f(vo )|> 2+ 7, fivo) = 3t + 6.
it

Therefore, rn® ( 3 )= 3t+6, t2

|t:|
Therefore, rn® ( 3 )=3t+6, t=2.

Theorem 2.8
The radio D — distance number of degree splitting of a
bistar graph DS(BM) is

D
TN (psBnn)) = 41 45049 nZ 2,

Proof
Let V(DS( Brn)) = {uv®i¥i W1 Wz . 1 <i<n} and

E(DS( JEF‘n,n)) = {uy, WU VY Wy T W, UW, VWS g

d‘c'(ui,wz) =n+81=f = q dﬂ(u, V)=

<i<n}. Then,
2n + 5,

Py . AP vy =omas 1SLE g
dﬂ(uz'r‘ﬂ) = AT WYy Zone3 1St =y

d® Wy, Wa) = 3n + 9, 50 diam” (psBrmniy) = 30+ 9,

=

n=2.

Let

fW1) < fW2) < fta) <= fa-1) T fla) <
fd < F) <q@u) <g@2) < <),

The radio D-distance condition becomes, d°(wi , w;) +
| fiws) — f(wz) | =3n+ 10

dO(wa , ug) + | f(wz) — f(us) | =3n+10,f(ur) =2n+4

dP(us , uz) + | flur) — f(u2) | = 3n+ 10, f(u;) = 2in + 2i + 2,
=i,

f(un) = 2n2 + 2n + 2, d°(un ,v) + | f(un) — f(v) | = 3n + 10,
f(v) =2n*+3n+4

do(v,u)+ | f(v) — f(u) | =3n+ 10, f(u) =2n?+4n +9

d®(u, va) + | f(w) — f(ve) | =3n+ 10, f(vy) =2n?+5n+11

dO(v1, v2) + | f(va) — f(v2) | >3n+ 10, f(vo) =2n? +7n +
13

dD(VZ , V3) + |f(V2) - f(V3)| >3n+ 10,f(vs) = on? + 9n +
15
f(vi) = 2n?+ (2in+3)n+2i +9, 15is,

D — 2

Therefore, 7™ ( DS(BEMZ')) =4 45n+9, nZ2
Theorem 2.9

The radio D-distance number of splitting of a star graph

lr{:l»'*!) is

me( s’ (Him)) = 3n? +3n+6, n= 2.

©2018 NIRCT | ISSN: 2454-5988

Proof

]
Let V(S (K:L.n)) = {lq Uz
iﬁ'n,Wl Wz}and

) unlyil .E;Izl

ES (Kiny) = eawy wiv; vwy 1= 0 1y Then
A% wy) =3n+6,1=1 = p
Y.
4 n L#id (uy,wi) = 2n
n, d (Wi’yz') = 2n + 3, 1£L£ n
., : gD
( Wy=n+61=5J = t#jd (Wi,Ww2) = 3n +

d (lu’i"u}') =2n+4, :]_5 I'r_-il =
+ 2 1“: =

4.
so diam® o Kiny) = 3n 4 6 nZ 2. Let f¥1) <
f(yij = f('l?n:] "-C: ) "-C: f(yn:]

The radio D-distance condition is d®(us;, w;) + |f(u1)
f(wz) | >3n+7,

dD(Wz, up) + | f(ws) — f(u2) | >3n+7,
dO(us, ) + | fius) — f(uz) | > 3n+7,
dD(Uz, us) + | f(uz) — f(vs) | >3n+7,
fu)= (i - Yn+3i -2 2=t =
f(wi) |>3n+7,

dP(wy, Vi) + | fiwr) — f(va) | =30+ 7, dP(vy, vo) + | fve) —
f(v2) |> 3n+7

dP(va, Va) + | f(v2) — f(va) | > 3n+7,

n. d®(un, Wi) + | f(un) —

f(vi)=n2+(2i+2)n+(i+6),1£i£ n

Therefore, rn® (SF(KLn)) =3n’+3n+6,n = 2.
Theorem 2.10

The radio D-distance number of Book graph K + nK; (or
B:), rnD(K: + nK:) =22 -6n+1 if n=5,
Proof

Let V(F2 + nf2) = qu, v, %i ¥i: 1= L= n} pe vertex
set. Let V(B2 + nfz) = quy, Ul ¥V W0 S TS ppe
edge set. Then d wV)=n+7,1=1=nand dﬂ(u, V) =
2n + 3, (U Ui) = n+4, d (ur (ui, vi)
-5 1=1= dﬂ(?}i’un) = n+10, ,d V Uy=n+7
5o diam® (2 +nK2)=on+3.

Let (W) < V) < f@a) < i) < gtta) < <
fln) < f(V1) <f¥2) T T (V).

The radio D-distance condition becomes

lill:l(u,v)+|f(14'f] — f(v)l = on+a
d®  uy+ IF () = F(u)l 2

i+1) = n+7, d

2n + 4,
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But, d":'(u'ul) ff) —flu)l =

SO,f(ul]: max{n—l,n+1}:n+1,f(ulj:n+1_
d®wy g 4 f () = Fluz)l 2 on4ad”@ ug .
|f(uj _f(u:jl = 2n + 4,

fls) = in — 3 - 4), 1 L=, dﬂ(“n, Y1) +

2n + 4,

|f(up) = Fe)l = on4a
But, d® ¥, Y1)+ lf(v) = Flvdl = on44g,
And d® (ul 1'.:‘1) + |f(u1j f(”ljl 2n + 4,

f(Pi)=n2+(i-3n-3i+1,1=E =y
Therefore, rnD(KZ + nKZ) =2n’-6n+1,n >35.
Theorem 2.11
The radio D — distance number of splitting of a bistar graph
s°(Frn) is
mo(5'Ban)) = 61 L 160+ 18, n 22,
Proof
Let  V( S,(an)) — {‘Lt,t-’ ‘L‘Jz-"u,';-’ ‘L‘J;, u, ‘L’J’ u"’ ' .
' ¢ ¢
1S1S 5y and B Brny) = i, WO WU g
uv', uv vy vu, vy SIS } .Then dﬂ(ufz',uf) =
3n+9,1=1= p
D : D
d% Wy vy =3n+9,1= 1= n, d" (W Vi) = 3n+ 10,
IS LR N TS A -
D D
AW, vy = on+ 4,151 = o d (v,”)= 3n + 7,
D ,
d (”z‘ 1’;)=2n+7,1£ =
. \ 0 ]
(vz’ ;)— 46,156 J = d WUy Z3n 4y,
so diam® (g Brny) =30+ 10, n= 2.
Let, f(’l,t.j_:] = f(yij = f(yﬂj = . = f('l?n:] = f('l?:;_:] =
¢ v r
f(V2) <. S fPn) V) Sq¥ )<
) < fu) < fu) <
flz) < f(Ha) < f(ln)-

The radio D-distance condition becomes

dD(uV) + | fw) - fv | = > diam® (S’(Bnm)) + 1. Now,
(u1 Y1) + |fluy) — f[”ljl >3n+ 11 liﬂ(vl, Y2) +

|f(v)) — F(wdl 53041,
f[”z‘]:Z(i—l)n+4(i—1)+2, ==
d"’(vn, vyy 4 1F(vn) — Fodlsan 4,

d®wy, vy IF(eD) — Fodls s,

©2018 NIRCT | ISSN: 2454-5988

F)=om" 4+ (+2n+51-3, 1<i<n,
dﬂ(v;,v)+ |f () — F) 530410,
fF@I s+
dﬂ(v',u)+|f(i>‘fj — Wl 530411,
d?(wuly o f(w) — FUDls 3,101,
d® ¢ 1F () — Fudlssn
Fu)=3n" 4+ 8)n+si+17, 1<i<n.
d® 'y ¢ 1F () — F)ls 50400,
d‘g'(u’,u:)+ |F(w') — Fludl s30411

flug)l >3n+11

d®w, vy, If(v) —

dﬂ(ugfua) +1f(ug) -
) =4 £ Qi+ 1)n+4i+18, 1<i<n.

o oot
Therefore, "7 (% [B‘M)) =6n+15n+18,n = 2.
Theorem 2.12

The radio D- dlstance number of triangular snake TS, S

r (TS] 107" _47n+60

Proof

Let V(TSa) =gy va  Un-1}
and E[Tsn] {‘L‘J iy , uzvz+1 vzvz+1 1:: L= n-1}

Uy Uy Uy

Then, (‘1?1, n) = d”® (‘1:11, n-1) =5n-5, d® (‘1;11, n-1)

=5n-8
D
d (Wir Vizr) = 7,

dlﬂ(yir 1”:) Zdﬂ(yn_i, tﬂg) -
15 = n-2, d (yi,ui):d (yn’un—i)zs

. D
So, diam (Tsn) = 5n — 5. The radio D-distance

condition becomes

dP(u,v) + | fw) —f(v) | = diam® TSn) +1

Let, f(V1) < f(¥n) = f(¥2) < f¥a) < . <
(Vn-1) < fte) <gl2) < < gln-1),
Now,

d‘f‘(vi, Uny+ (1) — Fw )l =504

d® W v2) 4 If(0) — F)l 2504
But, d® (F1r V2) + If(vy) — fl)l = 5n—4
fws)lZ5n_
Fd =5 1n-13i+16,1<i<n-1
dﬂ(i?n_i,ui)+ |f(wn_1) — fludlz5,_y
flulzs,_

dﬂ(t’zrt’a)+ |f (vy) —

But, d":'(yi, i)+ |f(vy) —
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(1]
[2

(3]

(4]
(5]
(6]
[7]

Also, @2 Vst + [F@2) — Fup)l 2 gn_y4
So, fluy) - max{s’”f: —23n+32,5n-8,10n-21}
4P g,y o 1 () = F(2)| =54

4P (g ttzy o F () = Fu)l 2 64

flu) =5n" _(5i_28)n— 14i+46,1<i<n-1.
Therefore,

D
T (TSa)=10n2 - 47n+60, n = 4.
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