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ABSTRACT

A graph with p vertices and g edges is said to have
an even vertex odd mean labeling if there exists an injective
function f:V (G) —{0, 2, 4, ..., 292, 2q} such that the
induced map f : E(G) — {1, 3, 5, . .. ,2q — 1} defined by
fuv) = f(”)”(v) is a bijection. A graph that admits an even
vertex odd mean labeling is called an even vertex odd mean
graph. Here we investigate the even vertex odd mean
behaviour of some standard graphs.
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1. INTRODUCTION

Through out this paper, by a graph we mean a finite
undirected simple graph. Let G(V,E) be a graph with p
vertices and ¢ edges. For notation and terminology, we follow

[4].

The graceful labeling of graphs was first introduced
by Rosa in 1967 [1] and Gnanajothi introduced odd graceful
graphs [3]. The concept of mean labeling was introduced and
meanness of some standard graphs was studied by
Somasundaram and Ponraj [7]. Further, some more results on
mean graphs are discussed in [6, 8]. A graph G is said to be a
mean graph if there exists an injective function f:vV(@G) —
{0, 1, 2, ..., q} such that the induced map f : E(G) — {1, 2,
3,...,q} defined by f (uv) = [@] is a bijection.

In [5], Manickam and Marudai introduced odd mean
labeling of a graph. A graph G is said to be odd mean if there
exists an injective function fiV G)—{0,1,2,3,...,29-1}
such that the induced map f : E(G) — {1, 3,5, ..., 20-1}
defined by f (uv) = [T js a bijecti

y f (uv) = [ > ] is a bijection. The concept of

even mean labeling was introduced and studied by Gayathri
and Gobi [2]. A function f is called an even mean labeling of a
graph G if f is an injection from V (G) to the set {2, 4, 6, . . .,
2q} such that when each edge uv is assigned the label

%, then the resulting edge labels are distinct. A graph

which admits an even mean labeling is said to be even mean
graph.

A graph G is said to have an even vertex odd mean
labeling if there exists an injective function f: V (G) — {0, 2,
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4,...,2q -2, 2q} such that the induced map f : E(G) —{L,
3,5,...,2q— 1} defined by f (uv) = L2/ ® s a bijection.
A graph that admits an even vertex and odd mean labeling is
called an even vertex odd mean graph [9].

In this paper, we study the even vertex odd
meanness of some graphs obtained from some graph
operations such as vertex identification, edge identification
and splitting.

2. MAIN RESULTS

The dump bell graph C,, @ C, is a graph obtained by joining
two cycles of length m and n respectively by an edge.

Theorem 2.1. The dump bell graph C,, @ C, is an even
vertex odd mean graph for positive integers m, n = 0(mod 4).
Proof. Let uy, Uy, ..., uyand vy, vy, . .., Vv, be the vertices of
the cycle C,, and C, respectively so that un,;is adjacent to v;.
Definef: V (C, @ C,) — {0,2,...,2(m+n) + 2} as
follows:

20—2, 1<i< % andiis odd

fu) =42i+2, %+1S1<mandllsodd

2i—2, 1<i<mandiiseven

2m + 2i, 1Sis§andiisodd
and f(v;) ={ 2m + 2i + 4, %+1Si£nandiisodd
2m + 2i, 1 <i<nandiiseven

The induced edge labeling " is obtained as follows:
- 2i-1, 1<isZ-1

Ulisg) =

(Ulr) 2i+1, T<i<m-1,
f(Upuy) =m-1,

- 2m + 2i + 1,
ViVisg) =

O P
fvav) =2m+n+1

and f'(Up-1v1) = 2m + 1.
Thus f is an even vertex odd mean Iabeling ofC,@C, 1[I

5,/\\ / \

[3 |
44 .M
\3 5 ISI |

Figure 1. An even vertex odd mean labeling of Cz@C1s.
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The graph C,, © C, is obtained by identifying any one of the
edge of cycle C,, with an edge of cycle C,.

Theorem 2.2. C,, © C, is an even vertex odd mean graph for

all even integers m, n >4,

Proof. Let uy, Uy, . .., Uy, and vy, Vs, . . ., Vv, be the vertices of
the cycles C,, and C, respectively.

Case (i). m,n=0 (mod 4) withm <n.

Let the identifying edge be uy,-1Uy, and vyVs.

Definef: V(C,©6C,) — {0,2,4,...,2(m+n-1)}as
follows:
. . m
(20-2, 1<is<Z
flu)=4{2i+2, Z+1<i<mandiisodd
2i—2, %+1Si$mandiiseven
2m+ 2i — 2, 3Si$§andiisodd
and f(v;) = 2m + 2i — 6, 3Si§%andiiseven
(2m+2i-2, Z+1<i<n

*

. 201, 1<isZ-1
f (Ujlisg) =
(Uitia) 2i+1, Z<i<m-1,
f(upuy) = m—1,
X 2m +2i-3, 2<i<?
F(vivis) = _ n X

2m + 2i—1, 5+1S1£n—1

and f'(Vovi) = 2m +n —1,
Hence f is an even vertex odd mean labeling of C,, © C,.
4 2 [i] 14 20 18 4 n 28

[
—
o
=
=1

6 12 10 16 3 36 34 32 30

Figure 2: An even vertex odd mean labeling of Cy & Cs.
Case (ii). m = 2(mod 4) and n = 0(mod 4) or m, n = 2(mod 4)
with m <n.

Let the identifying edge be un,;uy, and vyv,. Then the graph
will be viewed as a cycle of length m+n—2, whose vertices are

21, 2oy« + .y Zmen— With a chord z,,-1Zmeno-
Definef: V(Cme Cn) — {0,2,4,...,2(m+n - 1)} as
follows:
(2i-2, 1<i<™=
m-+n

20+ 2, +1Si£m+§—3andiiseven

2

2i—2, mT”+1SiSm+§—3andiisodd

f(z) =
2042, m+3-2<i<m+n-2.
Then the induced edge labeling f" is obtained as follows:

(2i-1 1=<i<™2—1

f(zzi)={2i+1, =*<i<m+3-3

(2i+3, m+§—251sm+n—3,

f*(zlzm+n-2) =m+n-1
and ' (Zm-1Zmen2) = 2M +n — 3,

Thus f is an even vertex odd mean labelingof C,, ©C,. [
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Figure 3: An even vertex odd mean labeling of Cyy & Cg, Oy & Cyg and
Cio & Cis.

P, @ P, is a graph obtained by identifying the pendant vertex
of a copy of path P, at each vertex of the path P,..

Proposition 2.3. P, @ P,, is an even vertex odd mean graph

foranyn,m>1.

Proof. Let vy, vy, . . ., Vv, be the vertices on the path P,. Let

Vi1, Via, - - -, Vim be the vertices on the i"" copy of Py, so that

Vi1 is identified with v; for 1 <i <n.

The number of edges in P, @ Py, ismn — 1.

Definef: V (P, @ P,) — {0, 2, 4,6,...,2mn — 2} as

follows:

f(V'_)z{Zm(i— 1)+2(G—-1), 1<j<m,1<i<nandiisodd
Wl2mi — 2j, 1<j<m,1<i<nandiiseven

Then the induced edge labeling f* is obtained as follows:

f*(Vi Vi ):{Zm(i— 1D+2j—-1, 1<jsm-1,1<i<nandiisodd

Y omi — 2j -1, 1<j<m-11<i<nandiiseven
and f'(vi;Visp)=2mi—1,1<i<n—1.
Hence f is an even vertex odd mean labeling of P, @ P,. [
O 11 2 23 24 335 46 47 48 s 0 T T2

1 21 25 4 49 69 73
2 20 26 44 P50 P63 7

3 19 4 s1 &7 75
4 18 28 12 bs b 66 76

5 1 29 4 33 65 77
6 16 30 40 p 54 » 64 78

15 31 30 55 63 7
g 14 32 38 P36 » 62 80

9 13 33 37 5 61 81
10 12 34 36 v 58 60 82

Figure 4: An even vertex odd mean labeling of P;@QF;.

Corollary 2.4. P, © Kj is an even vertex odd mean graph for
anyn>1.

The cycle quadrilateral snake CQ,, is a graph obtained from
the cycle C, by identifying each edge of C, with an edge of
C4.

Theorem 2.5. Cycle Quadrilateral snake CQ, is an even
vertex odd mean graph if and only if n is even.

Proof. Let v, vy, . . ., Vv, be the vertices on the cycle C, and
let x;, yi, 1 < i < n be the vertices adjacent to v; and vj.;
respectively, where v, = V.
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Case (i). n=0(mod 4).
Define f: V (CQ,) — {0, 2,4,...,8n}as follows:
8i—8, 1<i<z-landiisodd

f(v;) = 8i, gSiSnandiisodd
8i—6, 1<i<nandiiseven,
8i—6, 1<i<nandiisodd

- <i<?t i

f(x) = 8i—8, 1<i<;andiiseven

8i, §+ <i<nandiiseven

1
8i— 4, 1Sis§—1andiisodd
n

and f(y;) = 4 8i + 4, ~<i<nandiisodd
8i — 2, 1Si_n*andiiseven.
Then the induced edge labeling f is obtained as follows:
8i—-3, l1<is<z-1
f(Vivis) = 8i+1, %S i<n-—-1
4i—3, i=n
. 8i-7, 1<isz-1
f(XiVi): . n
8i —3, 551Sn,
X 8i—5 1<is<Z
F(xiyi) =
Gy 8i—1, >+1<i<n,
8i—1, 1<sis<z-1
f(yivie) =4 8i + 3, 2<i<n-1
4i—1, i=n.

Thus f is an even vertex odd mean labeling of CQ,.

o4

Figure 5: An even vertex odd mean labeling of C'Qqs.

Case (ii). n=2(mod 4).
Define f: V (CQ,) — {0, 2,4,...,8n} as follows:
8i—8, 1 Sisg and i is odd

8i, s+ 1<i<nandiisodd
f(v)={ 8i—6, 1<i<z—1landiiseven

8i+2, i=§+1

8i — 6, 2+2SiSnandiiseven,
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(8i—6 ~ 1<i<Zandiisodd
|
| 8i—14, i=2+2
f(xi):{8i—6, >+3<i<Zandiisodd
i8i—8, 1$i$%+1andiiseven
( 8, %+2Si$nandiiseven
(8i—4, 1<i<Zandiisodd
|
|8i+4, %+1Si£nandiisodd
andf(yi):<8i—2, IS'Sg—landiiseven
i8i+6, i=3+1
L8i—2, g+2SiSnandiiseven.

Then the induced edge labeling f" is obtained as follows:

(83, lsisZ-1

8i+1, i_g
f(Vivia) = 8i+5, i=%+1
8i+1, §+2313n—1
4i—3, i=n,
8i-7, 1<i<:
8i—3, i=-+1
f*(XiVi): . . ﬁ
8i—7, 1=5+2
8i—3, g+3515n,
8i—5 1<i<:
. 8i—1, i=2+1
CY)=1 g s, i=2+2
8i—1, +3<i<n,
8i—1, 1<is<z-1
8i+3, i=3
and Flyvi) =4 8147, i=2+1
8i+3, s+2<isn-1
k4i—3, i=n.

Thus f is an even vertex odd mean labeling of CQ,.

O

Theorem 2.6. Let G be a graph obtained from P,OK; by
identifying each edge with an edge of C,. Then G is an even

vertex odd mean graph, for all n > 1.

Proof. Let vy, vy, . . ., Vv, be the vertices on the path of length
n—1in G. Let ujw;, 1 <i < n—1 be the edges of G so that
uiv; € E(G) and wyvi,; € E(G) and X;yiz;, 1 <i < n be the paths
of length 2 so that x;v;, zjv; € E(G). The number of edges in G

is 8n — 4. Assume that n > 2,
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Figure 6: An even vertex odd mean labeling of C'Q14.

Define f: V (G) — {0, 2,4, ...,16n — 8} as follows:
f(v_):{léi—lz, l1<i<nandiisodd
! 16i —14, 1<i<nandiiseven,

f(u) = {161 1<i<n-—1andiisodd
! 161 1<i<n-1andiiseven,
fw;) = {161 1<i<n-—1landiisodd
! 16i — 1<11<n—1andllseven
1=
f(x):{161—18 2<i<nandiisodd
16i — 16 ZSiSnandiiseven

i=1
f(yi)—{161 8, 2<i<nandiisodd
16i—10, 2 <i<nandiiseven
10, i=1
and f(zi)={16i— 10, 2<i<nandiisodd
16i — 8, 2<i<nandiiseven.

Then the induced edge labeling f" is obtained as follows:

f'(Vivis1) = 16i —5,1<i<n-1,
f(wvis) =16i—1,1<i<n-1,
fluv)=16i—7,1<i<n-1,
fluw)=16i—3,1<i<n-1,

i=1
Fv) = {161 15, 2<i<n
f { i=1

*¥)=116i—13, 2<i<n

i=1
F ) = {161 9, 2<i<n
. (7, i=1
and T (zvi) = {161' —-11, 2<i<n
Thus f is an even vertex odd mean labeling of G.
4 12 3 26 46 4 6 8 73 76

Figure 7: An even vertex odd mean labeling of G when n =6

When n =1, an even vertex odd mean labeling of G is given

in Figure 8.
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O

Figure 8. An even vertex odd mean labeling of G when n = 1.

Theorem 2.7. Let G be a graph obtained from C,OK; by
identifying each edge with an edge of C,. Then G is an even
vertex odd mean graph if and only if n is even.
Proof. Let vy, Vs, . . ., Vv, be the vertices on the cycle and u;,
1<i <n be the pendant vertex attached at v; in C,OK;. Let G
be the graph obtained from C,©OK; by identifying an edge of
a copy of C, in each edge of C,OK;.
Let V(G) = {u;, vi, Wi, X;, Vi, Zi : 1 < i< n}and E(G) ={ViVi:1,
ZVirg - 1 <0 <n =1} U {vovy, Zavi} U {UVi, Ui, WiXi, XV;,
yizi, Viyi:1<i<n}.
Case (i). n = 0(mod 4)
Define f: V (G) — {0, 2,4, ..., 16n} as follows:

16i — 8, 1<i<nandiisodd

. . n P
f(v) = 16i—14, 1<i<- andiiseven

16i— 6, %+1Si§nandiiseven,

(2, i=1
16i—18, 2<i<Z andiisodd
fU)=1 16i~10, 2+1<i<nandiisodd
16i—12, 2<i Sg andiis even,
0, i=1
16i—12, 2<i<nandiisodd
f(w) =) 16i - 18, 2<i<Z andiisodd
16i — 10, g+1SiSnandiiseven,

16i —10, 1 Sisg and i is odd
f(x;) =

16i — 2, E+1Si£nandiisodd
16i — 4, 1< i <nandiiseven,
16i—6, 1<i<Zandiisodd
fy)=916i+2, Z+1<i<nandiisodd
16i, 1< i <nandiiseven

16i — 4, 1<i<nandiisodd
and f(z) = 16i—10, 1<i< % and i is even

16i — 2, %+1Si£nandiiseven.
Then the induced edge labeling " is obtained as follows:

. 16i—3, 1<i<y
ViVis1) =
(Vivist) 160+ 1, g+1SiSn—1,
f'(Vavy) =8n + 1,

8i—3, i=1

. 1 n
Fluu) = { 161713, 2=i=;

16i-9, —+1<i<n,
- 16i — 15, 1Si$§
uiw;) =
(Uiw)) 16i—11, 2+1<i<n,
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Fwx) = 4 161— 11
16i—7,
) 16i—9,
P =0 160 s,
) 16i—7,
f(viy) = 16i—3,
) 16i—5,
f(yz) = 16i—1,
) 16i—1,
Flavia) = { 160 +3,

and f'(z,v;) = 8n + 3.
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Thus f is an even vertex odd mean labeling of G.

e

124 ¢33

11 a1

/108 |
[ 14 .;103 \ 85

1;11'/‘110 ,ﬂm\ \
117 10 - -

105 101

109

Figure 9: An even vertex odd mean labeling of & when n = 12
Case (ii). n=2(mod 4)
Define f: V(G) — {0, 2,4, ..., 16n} as follows:

(16i —8,
fv) :! ron
l 16i — 4,
16i — 6,
2,
16i — 18,
f(u) = 16i — 12,
l16i — 4,
16i — 8,

192

lsiﬁgandiisodd
%+1Si$nandiisodd
1<i<n-—1landiiseven
i=n,
i=1
2<i<nandiisodd
ISisgandiiseven
%+1Si£n—1andiiseven

i=n,

0, i=1
(161’—12, ZSisgandiisodd
f(wi) =1 160 —4, §+1s13n—1andiisodd

l16i—18, 1<i< n—1andiiseven
16i—22, i=n,
16i—10, 1<i<nandiisodd
) 16i — 4, 1Si$%andiiseven
X:) =
' 16i + 4, %+1Si$n—1andiiseven
16i—4, i=mn,
16i — 6, 1<i<nandiisodd
. 164, 1<i sg and i is even
) = 16i+8 2+1<i<n-1landiiseven
16i, i=n,
(160 — 4, 1Sis§andiisodd
and f(z) = { 16i +4, >+1<i<nandiisodd
l16i—10, 1<i<n-1andiiseven
16i — 2, i=n
Then the induced edge labeling f is obtained as follows:
16i — 3, 1313%
f(Vivie) =4 160 + 1, 2+1<i<n-2
X 16i+ 5, i=n—1,
f(vpvy) =8n+1,
, i=1
X 16i—13, 2<i<:
fviu) = ) n )
16i — 9, E+1Sl§n_1
16i —7, i=n,
) i=1
X 16i—15 2<i<:
f(uw) = . n .
16i — 11, E+1S1Sn—1
16i—15  i=mn,
, i=1
X 16i—11, 2<i<:
Flwixi) =9 . n )
16i —7, E+151Sn—1
16i—13, i=n,
X 16i-9, 1<is<Z
fwvi) =3 . n )
16i — 5, E+1Sl£n,
3 16i-7, 1<is<:
f(viy;) =
(viy) 16i—3, Z+1<i<n,
3 16i—5 1<is<:
f(yizi) =
(viz) 16i—1, Z+1<i<n
(161’—1, 1sls§
andf*(zivi):{wus, Z+1<i<n-1
16i+7, i=n-—-1
k8i+3, i=n

Thus f is an even vertex odd mean labeling of G.
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Figure 10: An even vertex odd mean labeling of G when n = 10.
Theorem 2.8. P(m;,my, . . . ,m,_;) is the graph obtained by
replacing each i edge of the path P, by Ky, L <i<n-1
Then P(mg,m,, . . . ,m,3) is an even vertex odd mean graph
forallm;>1,1<i<n-1.

Proof. Let vy, vy, . . ., Vv, be the vertices on the path P,. Let
Xi1 X2, - -+ » Xim, D€ the vertices of one of the partition of

K, m Which are adjacent to both v;and vy, 1<i<n—1.
n-1
Define f: V (P(my,my, . .. ,My1)) —1{0,2,4,6, ... ,4Zmi }
i=1

as follows:
f(vy) =0,

i-L
fv)=4)"m;, 2<i<n

j=1
and f(x;)) =f(v) +4j—-2,1<i<n-1,1<j<m;
Then the induced edge labeling f" is obtained as follows:
fvix) =f(v)+2j—1,1<i<n-1,1<j<m
and £ (xijVier) = f(v)) +2mi +2j -2, 1<i<n-1,1<j<m;
Thus f is an even vertex odd mean labeling of P(mg,m,, . . .,
mn—l)- N

Figure 11: An even vertex odd mean labeling of P(3,2,1,4).

D,(P,) is a graph obtained from two copies of P, so that the
pair of vertices u, v’ and u’, v are adjacent in D,(P,) whenever
uv and u'v’ are the respective edges of the copies of P,..

Theorem 2.9. For any n > 2, D,(P,) is an even vertex odd
mean graph.

Proof. Let uy, Uy, ..., u,and vy, Vo, . .., V, be the vertices on
the paths of length n — 1 in D,(P,).

Case (i). n>3and n is odd.

Define f: V (D,(P,)) — {0, 2,4, ..., 8(n— 1)} as follows:

192

21, i=1

_)o, i=2
f(u) = 8i — 18, 3<i<nandiisodd
8i —4, 3<i<nandiiseven,

10, i=1

and f(v;) = { 8i, 2<i<nandiiseven
8i—10, 2<i<nandiisodd.

Then the induced edge labeling " is obtained as follows:
2i—1, i=1,2

f'(Uilieg) = { 5i+2, i=3
8i+7, 4<i<n-1,

* 4i4+9, i=1

f("“"”):{si—l, 2<i<n-1,
5i+8, i=1

f*(UiVi+1)= 41_ L 122 P
8i — 5, 3<i<n-—1andiisodd
8i — 3, 3<i<n-—1andiiseven

, i=1
and f*(vium):{ 8i—3, 2<i<n-—1andiisodd
8i—5 2<i<n-—1andiiseven

Thus f is an even vertex odd mean labeling of Dy(Py,).
2 1 0 3 6 17 28 25 22 33 44 41 38 49 60 57 54

10 13 16 15 14 23 32 31 30 39 48 47 46 55 64 63 62

Figure 12: An even vertex odd mean labeling of Dy(F).
Case (ii). n>2 and n is even.
Define f: V (D,(P,)) — {0, 2,4, ...,8(n—1)}as follows:
f(u_):{8i—8, 1<i<nandiisodd
! 8i—14, 1<i<nandiiseven
andf(v-)={8i’ 1<i<nandiisodd
' 8i—10, 1<i<nandiiseven
Then the induced edge labeling f" is obtained as follows:
fuu) =8i—7,1<i<n-—1,
f(vivie) =8i—1,1<i<n-—1,
f*(UiVi 1):{ 8i—5 1<i<n-—1andiisodd
* 8i—3, 1<i<n-1landiiseven
and £ (v, ):{ 8i—3, 1<i<n-—1landiisodd
vl 8i—5 1<i<n-1landiiseven
Thus f is an even vertex odd mean labeling of Dy(P,). O
0 1 2 9 16 17 18 25 32 33 34

g 7 6 15 24 23 22 31 40 39 38

Figure 13: An even vertex odd mean labeling of Dy(Fg).

The Splitting graph SP(G) is a graph obtained from G by
adding a new vertex v’ to each vertex v of G and joining v’
with all the adjacent vertices of v in G.

Theorem 2.10. SP(Ky,) is an even vertex odd mean graph
only whenn =1 and 2.

Proof. The graph SP(K,,) is isomorphic to a graph obtained
by identifying the central vertex of K;, with a vertex of
degree n in K, . Let u be the central vertex and vy, vy, . . ., Vq
be the pendant vertices of K, ,. Let x be the duplicating vertex
of uand yy, ¥», . .., ¥, be the duplicating vertices of vy, vy,
..., Vp respectively. Then the number of edges in SP(Ky,) is
3n. If fis an even vertex odd mean labeling of SP(K,), then
the vertices of SP(K,,) are assigned by the labels {0, 2, 4,
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..., 6n}. Based on the adjacency in SP(Ky,), u and u’ are
assigned by the labels congruent to O(mod 4) (or 2(mod 4))
and the remaining vertices are assigned by the labels
congruent to 2(mod 4) (or 0(mod 4)). In {0, 2, 4, . . ., 6n}, at

most 37"+ 1 numbers only be either O(mod 4) or 2(mod 4)

when n is even. But 2n vertices are to be labeled with same
suit either 0(mod 4) or 2(mod 4). So the vertex labeling is

possible only when 37" + 1= 2n, which is true only when n =
2.In{0,2,4,..., 6n}, at most ntl only be either O(mod 4)

2
or 2(mod 4), when n is odd. Also 22
n=1

2
An even vertex odd mean labeling of SP(K,,) whenn =1, 2,
is given in Figure 14. Hence the result follows. O

= 2n is true only when

Figure 14: An even vertex odd mean labeling of SP(K;,,) for n =1 and 2.
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All material on each page should fit within a rectangle
of 18 x 23.5 cm (7" x 9.25"), centered on the page,
beginning 2.54 cm (1") from the top of the page and
ending with 2.54 cm (1") from the bottom. The right
and left margins should be 1.9 cm (.75”). The text
should be in two 8.45 cm (3.33") columns with a .83 cm
(.33") gutter.

3. TYPESET TEXT

3.1 Normal or Body Text

Please use a 9-point Times Roman font, or other Roman
font with serifs, as close as possible in appearance to
Times Roman in which these guidelines have been set.
The goal is to have a 9-point text, as you see here.
Please use sans-serif or non-proportional fonts only for
special purposes, such as distinguishing source code
text. If Times Roman is not available, try the font
named Computer Modern Roman. On a Macintosh, use
the font named Times. Right margins should be
justified, not ragged.

3.2 This paragraph is a repeat of 3.1

Please use a 9-point Times Roman font, or other Roman font
with serifs, as close as possible in appearance to Times
Roman in which these guidelines have been set. The
goal is to have a 9-point text, as you see here. Please
use sans-serif or non-proportional fonts only for special
purposes, such as distinguishing source code text. If
Times Roman is not available, try the font named
Computer Modern Roman. On a Macintosh, use the
font named Times. Right margins should be justified,
not ragged.

3.3 This paragraph is a repeat of 3.1

Please use a 9-point Times Roman font, or other Roman
font with serifs, as close as possible in appearance to
Times Roman in which these guidelines have been set.
The goal is to have a 9-point text, as you see here.
Please use sans-serif or non-proportional fonts only for
special purposes, such as distinguishing source code
text. If Times Roman is not available, try the font
named Computer Modern Roman. On a Macintosh, use
the font named Times. Right margins should be
justified, not ragged.
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3.4 Title and Authors

The title (Helvetica 18-point bold), authors' names
(Helvetica 12-point) and affiliations (Helvetica 10-
point) run across the full width of the page — one
column wide. We also recommend e-mail address
(Helvetica 12-point). See the top of this page for three
addresses. If only one address is needed, center all
address text. For two addresses, use two centered tabs,
and so on. For three authors, you may have to
improvise.

3.5 Subsequent Pages

For pages other than the first page, start at the top of the
page, and continue in double-column format. The two
columns on the last page should be as close to equal
length as possible.

Table 1. Table captions should be placed above the table

Graphics Top In-between Bottom
Tables End Last First
Figures Good Similar Very well

3.6 Page Numbering, Headers and Footers
Do not include headers, footers or page numbers in your
submission. These will be added when the publications
are assembled.

4. FIGURES/CAPTIONS

Place Tables/Figures/Images in text as close to the
reference as possible (see Figure 1). It may extend
across both columns to a maximum width of 17.78 cm

(7).

Captions should be Times New Roman 9-point bold.
They should be numbered (e.g., “Table 1” or “Figure
2”), please note that the word for Table and Figure are
spelled out. Figure’s captions should be centered
beneath the image or picture, and Table captions should
be centered above the table body.
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Fig 1: If necessary, the images can be extended both
columns

A 4

T 0

A 4

5. SECTIONS

The heading of a section should be in Times New
Roman 12-point bold in all-capitals flush left with an
additional 6-points of white space above the section
head. Sections and subsequent sub- sections should be
numbered and flush left. For a section head and a
subsection head together (such as Section 3 and
subsection 3.1), use no additional space above the
subsection head.

5.1 Subsections
The heading of subsections should be in Times New
Roman 12-point bold with only the initial letters
capitalized. (Note: For subsections and subsubsections,
a word like the ora is not capitalized unless it is the first
word of the header.)

5.1.1 Subsubsections

The heading for subsubsections should be in Times
New Roman 11-point italic with initial letters
capitalized and 6-points of white space above the
subsubsection head.

5.1.1.1 Subsubsections

The heading for subsubsections should be in Times
New Roman 11-point italic with initial letters
capitalized.

5.1.1.2 Subsubsections

The heading for subsubsections should be in Times
New Roman 11-point italic with initial letters
capitalized.
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