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1. Introduction

Let I(u,v) be the set of all vertices lying on some u — v
geodesic of G and for a nonempty subset S of V(G), I[S] =
UuvesI(u,v). The set S of vertices of G is called a geodetic set
in Gif I[S] = V(G) and a geodetic set of minimum cardinality
is a minimum geodetic set in G is called the geodetic number
g(G) was studied in [2].

Nonsplit geodetic number of a graph was studied by Tejaswini,
Venkanagouda M Goudar in [6]. Venkanagouda M Goudar,
et al., [7] introduced the concept of strong nonsplit geodetic
number of a graph. The connected geodetic number was in-
troduced by Santhakumaran, et al., in [5].

A set S C 'V in a graph G is a doubly connected geodetic set
[DCGS] if S is a geodetic set and induced subgraphs < § >
and <V —§ > are both connected. The minimum cardinality
of a doubly connected geodetic set and it is denoted by g4.(G)
is called doubly connected geodetic number of a G. A doubly

connected geodetic set of cardinality g4.(G) is called g4.(G)-
set and it was introduced by Bhavyavenu and Venkanagouda
M Goudar[1]. To illustrate this concepts, consider the follow-
ing examples:

Example 1.1. We depicted a graph G given in Figure 1,
St ={vi,v2,v3,v4,

Vs} is a ggc-set so thatgdc(G) =5. Also $ = {\137 V4,V5,V6, V7}
is another g .-set of G is as shown in Figure 1.

Vi v, v3
Vg
V7 Ve V5
Figure 1. G

For any undefined term in this paper, see [2,3,4,10].

The following theorems are used in the sequel.



Theorem 1.1. [2] For any cycle C,, of order n > 3,

2 ifniseven,

8(G) = 3 ifnisodd.
Theorem 1.2. [2] Every geodetic set of a graph contains its
extreme vertices.
Theorem 1.3. [2] For integers r,s > 2, g(K,.s) = min{r,s,4}.

Theorem 1.4. [3] For any cycle C,, of order n > 3,

SIS

if nis even,
% (Cy) = % if nis odd.

3

Theorem 1.5. [3] For any cycle C, of order n > 3,

if nis even,
+1
= ifnisodd

S IS

(04] (Cn) =

Theorem 1.6. [6] For any cycle C,, of order n > 3,

s+
[3]+2

if n is even,

8gns(C) = if nis odd.

2. Main results

Theorem 2.1. For the wheel W,, =K\ +C,—1,n>5, g4c(W,) =
n—2.

Proof. Let W, = K; +C,,_1 and let V(W,) = {x,vi,..vp—1},

where deg(x) =n—1>3anddeg(v;) =3 foralli€ {1,2,..n—1}; ¢ _ v

Let P = {x,v,_1} be the set and S| = V(W,) — P be the dou-
bly connected geodetic set such that the induced subgraphs
< §; > and <V — 8] > are connected. Hence |S;| =n—2.
Therefore g .(W,) =n—2.

Corollary 2.2. For any wheel W, n > 4, g4.(G) = n—d,
where d is the diameter of wheel.

Proof. Since the diameter of wheel is 2, hence it follows by
the Theorem 2.1, that g4.(G) =n—d.

Theorem 2.3. Let K,.; be the complete bipartite graph, such
that r > 2 and s > 3. Then g4.(K,s) = 4.

Proof. Let G = K, such that X = {x;,xp,..x,} and ¥ =
{y1,y2,...y,} are the partite set of G and V =X UY. Let
S = {xi,xj,yx, 3} for some 1 <i,j <r, 1<k, <s, be the
doubly connected geodetic set such that both induced sub-
graphs < § > and <V —§ > are connected. Hence S is a
doubly connected geodetic set. Therefore g4.(K;s) =4. O

Corollary 2.4. For any complete bipartite graph K, 5, 1,5 > 4,
8dc(Krs) = d+2, where d is a diameter.
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Proof. For any complete bipartite graph, the diameter is 2.
Hence the proof follows from the Theorem 2.3. 0

Corollary 2.5. For any complete tripartite graph K. ;, 1,s,t >
3,

8dc (Kr,s,t) =4
Corollary 2.6. For any connected graph G, g(G) < g.(G) <
gdc(G)'

Theorem 2.7. For any cycle C, withn > 4, 84.(Cp) = g¢(Cy).

Proof. Let C, be a cycle. We consider the two cases.

Case(i) Suppose n is even, n =2p. Let S = {v{,v2,..vp41}
be a connected geodetic set of C,, such that < S > is connected
and observed that < V(C,) — S > is also connected. Hence

gc(cn) = gdc(cn)-

Case(ii) Suppose n is odd, 2p + 1.
Let S = {vi,v2,...vp41,Vp42} be a connected geodetic set
of C,. So that < § > is connected and also observed that
< V(C,)—S > is also connected. Hence g.(Cy,) = g4c(Cy).
Clearly g.(Cy) = gac(Cn)- O

n =

Theorem 2.8. For any cycle Cy, 8:5(Cn) = 8ac(Cr)-

Proof. Let C, be a cycle. We discuss the two cases.

Case(i) Suppose n is even, n =2p. Let S = {vi,v2,..vp41}
be a nonsplit geodetic set of C, such that < V(C,) — S > is
connected and observed that < S > is also connected, which
is a doubly connected geodetic set . Hence g,:(C,) = gac(Cr).
Case(ii) Suppose n is odd, n = 2p + L
,V2,...Vp41,Vp42 } be a nonsplit geodetic set of Cy,
so that < V(C,) — S > is connected and observed that < § >
is also connected. So that the set S itself forms the minimum
doubly connected geodetic set. Hence g,5(Cy) = guc(C)-
Clearly g,5(Cy) = gac(Ch). O

Corollary 2.9. For cycle Cy,, n > 4, g4.(C,) = ap(Cp) + 1.

In the following results we show that how the doubly con-
nected geodetic number is affected by removing the edges of
K.

Theorem 2.10. If G = K,, — e is a graph obtained from K,, by
removing an edge e with e = {v;,v;}, n > 5, then g4.(G) = 3.

Proof. Let G = K, — e be a graph with e = {v;,v;}. Clearly
S = {v;,v;} forms a strong non-split geodetic set. But < S >
is not connected. Consider S; = SU{v}, where {v;} is the
any vertex of G such that induced subgraphs < §; > and <
V — 81 > both are connected. Clearly S is a doubly connected
geodetic set. Thus gu.(K, —e) = |S1| = |SU{w}| = |S| +
] =3, O



Theorem 2.11. If G = K,, — {e1,e2} of order n > 5, then

4 when ey, e, are adjacent,

84c(G) =19 3 when e1, ey are not adjacent.

Proof. Let G = K, — {e1,e2} . We discuss the following
cases.

Case(i) Suppose e; and e, are adjacent. Let e; = xy and
ey = xz for some x,y,z € V(G) and they are extreme vertices.
Clearly no two vertex set forms a geodetic set. Let S = {x,y,z}
be the nonsplit geodetic set with minimum cardinality. But
the induced subgraph < S > is not connected. Consider S1 =
SU{u}, where u € V(G), be the doubly connected geodetic
set of G such that induced subgraphs < S; > and <V —
Sy > are connected. Hence |S;| = |[SU{u}| = |S|+ [{u}| = 4.
Therefore g, (K, — {e1,e2}) = 4.

Case(ii) Suppose e and e, are not adjacent. Let e; = uv and
ey = xy for some {u,v,x,y} € V(G). Then S = {x,y} = {u,v}
is the nonsplit geodetic set with minimum cardinality. But <
S > is not connected. Consider S} =SU{w}, where w € V(G),
be the doubly connected geodetic set of G. Hence |S;| =
[SU{w}| = [S]+[{w}| = 3. Therefore ggc(K, — {e1,e2}) =
3. 0

Theorem 2.12. For a graph G, there is no doubly connected
geodetic set if and only if G is one of the graph P, or K, or
Ki . Where P, K, and K s are the path, complete bipartite
and star.

Proof. LetV(P,) ={vi,v2,...vy} and S = {v1,v,,} be the non-
split geodetic set but (S) is not connected. To make S con-
nected, we required all the internal vertices of P,. Clearly
8dc(Py) =nbut V —8 = {0}, which is contradiction to our as-
sumption. Therefore for path P, there is no doubly connected
geodetic set.

Let V(K,) = {vi,v2,...vs} be the vertex set of K, and
d(vi,vj) =1 in K,. Therefore S = V(K,). Clearly the set
S contains all the vertices of K, for the geodetic set, then
V — 8§ ={0}. Therefore there is no doubly connected geodetic
set for K,.

Let V(Kis) = {x,v1,v2,...vs} be the vertex set of Kj ;.
consider the geodetic set S = {vy,vz,...vs}, but (S) is not
connected. To make S connected, we required internal vertex
{x}. Consider S; = {x} and A = SUS; = SU {x} which
contains all the vertices of K| , that is V —§ = {0}, which is
contradiction to our assumption. Therefore for star K s there
is no doubly connected geodetic set. O

3. Results on adding a pendant vertex

In the next theorem we show that how doubly connected
geodetic number is affected by adding pendent vertices.
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Theorem 3.1. Let G = C,, be a cycle of order n > 4 and G
be the graph obtained by adding a pendant edge (v;,u) with
vi € G, u¢ G, then

, 712
gdC(G): ﬂ_t'_:’,

if nis even,
if nis odd.

Proof. Let V(G) = {v1,v2,v3,...vs,v1 } be the cycle with n
vertices. If G be the graph obtained from G = C,, by adding
a pendant edge (v;,u) such that u ¢ G and for any v; € G. We
have two cases.

Case(i) Suppose n is even. Then S = {u,v;} be a nonsplit
geodetic set of G, where v ;j is the antipodal vertex of v;. But
the induced subgraph < § > is not connected. Consider s =
{vi,vit1,...vj-1} and let §; = SU S isa doubly connected
geodetic set. Clearly induced subgraphs < §; > and <V —
S} > are connected. Hence |S1| = |S]|+|S| =2+ 5. Therefore

gac(G) ="1+2.

Case(ii) Suppose n is odd. Then S = {u,v;,v;41} be a non-
split geodetic set with minimum cardinality of G, where
Vvj,vj+1 are the antipodal vertices of v;. But < § > is not con-
nected. Consider S’ = {vi,vi1,...vj—1} and let §; = sSus
is a doubly connected geodetic set. Clearly induced sub
graphs < S| > and <V — 8] > are connected. Hence |S;| =
|S|+|S’|:3+”2;1.ThereforegdC(G/)z%—i-& O

Theorem 3.2. Let G = C, be a cycle of order n > 4 and G be
the graph obtained by adding k pendant edges
{(viy,w1), (vi,w2), (vi,ws),...(vi,wg) } t0 the cycle C, with v; €
G and {wy,wy,w3,..w;} & G then,

if nis even,
ifnis odd.

L4+1+k
o4k

!/

8ac(G ) =

Proof. Consider V(G) ={v1,va,V3,...v;,v1 } be the cycle with
n vertices. If G’ be the graph obtained from G = C, by adding
pendant edges {(vi,w1), (vi,w2), (vi,w3),...(vi,wy)} such that
{wi,w2,w3,..w} ¢ G and v; is a single vertex of G. We dis-
cuss the following cases.

Case(i) Let n is even. Then S = {wi,wa,w3,..wUv;} be
a geodetic set of G, where {w1,wa,w3,...wy } are the k pen-
dant vertices and v; is the antipodal vertex of v;. But the
induced subgraph < § > is not connected. Consider s =
{vi,vig1,...vj—1} and let §; = SuS isa doubly connected
geodetic set. Clearly induced subgraphs < §1 > and <V —
S1 > are connected. Hence

[S1[= 15[ +15 | ,

= {wi,wa, w3, ..w Uv;} + S|

= |{W17W27W37 "'Wk}| + |vj| + |S/|

= k+1+ 5. Therefore gae(G) = 5+k+1



Case(ii) Let n is odd. Then S = {W],Wz,Wg., ...Wk,Vj,Vj+]}
be a geodetic set with minimum cardinality of G, where
{w1,w2,w3,...wi } are the k pendant vertices and v;,v;| are
the antipodal vertices of v;. But the induced subgraph < § >
is not connected. Consider S’ = {vi,vif1,...vj—1} and let §; =
SuS isa doubly connected geodetic set. Clearly induced
subgraphs < §1 > and <V —§; > are connected. Hence
111 =15 +15]

= ‘{Wl,W27W3,...WkUVjUVj+1}| + |S,|

= ‘{W17W27W3,...W]<} +vj+vk| + ‘S/|

=k+14+1+27

=k+2+251 ThereforegdC(Gl):%—f—k—i—Z. O

Theorem 3.3. Let G =C,, be a graph and G obtained from G
by adding k pendent veritces {u,vi,va,v3,..vi } with vy, va, ...vp &
Gandu € G then g4.(G') = 04,(C,) +1+k.

Proof. Let C, be the cycle of order n > 4. We have two cases.

Case(i) Let C, be the cycle and it is even and a,(c,) be
the vertex covering number. By Theorem 3.2, for even cy-
cle g4c(G) = 5 +k+1. Also by Theorem 1.4, &,(C,,) = 5.
Therefore g4.(Cy) = 06, (Cy) +k+ 1.

Case(ii) Let C, be the cycle and it is odd and a,(c,) be
the vertex covering number. By theorem 3.2, for odd cycle
84c(G) = "L +k+ 1. Also by theorem 1.4, a,(C,) = 5.,
hence g4.(Cy) = 0t(Cy) +k+ 1. O

In the next section, we obtain the doubly connected geodetic
number on shadow distance graph.

4. Shadow distance graph

Definition 4.1.

Let D be the set of all distance between distinct pairs of
vertices in G and let Dy (called the distance set) be a subset
of D. The distance graph G denoted by D(G, Dy) is the graph
having the same vertex as that of G and two vertices u and v
are adjacent in D(G, Ds) whenever d(u,v) € Ds.

The shadow distance graph of G, denoted by Dyy(G,Dy) is
constructed from G with the following conditions:

i) Consider two copies of G say G itself and G’

ii)if u € V(G) (first copy) then we denoted the corresponding
vertex as u' € V(G') (second copy)

iii) The vertex set of Dyy(G,Dy) is V(G)UV(G')

iv) The edge set of Dyy(G,Dy) is E(G) UE(G') UEyq, where
Eyq is the set of all edges between two distinct vertices u €
V(G) and V' € V(G') that satisfy the condition d(u,v) € Dy in
G.

The shadow distance graphs Dy (Ps,{2}) and Dy;(C7,{3})
are as shown in figure 2 and 3.
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\ 1 V2 \" 3 V4 \" 5 V6 V7
v'l v'2 V3 v“1 Vg v'6 v'7

Figure 2. Dy (P, {2})

Figure 3. Dy (C7,{3})

Theorem 4.2. Forn >3,

n+1 forn=3,
8ac(Dsa(Pr,{2})) = n+2 forn>3.

Proof. Let G = g4.(Dyq(P,,{2})) be the shadow distance
graph. Let V(G) =V, UV], where V| = {vi,v2,..v;/1 <i <
n} be the vertex set of P, and V| = {v|,v},...v;/1 <i<n} be
the vertex set of P,. Then |V (G)| = 2n.

Case(i) For n = 3, G = C¢. By Theorem 3.7 it follows that
8ac(G) =4 . Hence gqc(Dsa(P3,{2})) =n+1.

Case(ii) For n > 3. Consider S = {vi,v,,V},V, } be the geode-
tic set with minimum cordinality, but (S) is not connected.
Consider S| = SU{v2,v3,...v,1 } be the doubly connected
geodetic set of G.

Suppose v; € V(P,) for2 <i<n-—1andv; €8], then (S;)
is disconnected. So that every vertices of P, must exists in
the set S;. For v € V/(P,), where v/ is the end vertices of
V'(P,) and v} & S for i=1 or n then (S} ) is not a geodetic set.
So that end vertices of P, must exists in the set S;. There-
fore g40(G) = |S1| = |SU{v2,v3,..vp_1}| =4+n—2=n+2.
Hence ge(Dua(Pr, {2))) =1+ 2. O

Corollary 4.3. Forn >4, g4.(Dsa(P,,{3})) =n+2.



Theorem 4.4. Forn >4,

4 forn=4,5
542 for n=6,8
ae(Du(Coy {21)) = "5H+2 forn=7.9
% forn > 10 and n is even
29 forn>11andnis odd.

Proof. Consider two copies of C, namely C, itself and C},. Let
{u1,uz,...u, } be the vertices of first copy of C, and {u},u,...u
be the vertices of second copy of C,,. Let G = Dy;(C,,,{2}) be
a shadow distance graph with |V (G)| = |V(C,) UV (C,,)| =2n
and |E(G)| = 4n. We discuss the following cases.

!/
n

Case(i) For n = 4,5. The set S = {vi,v2,v3,V|} is a doubly
connected geodetic set with minimum cardinality. Hence
8dc(Dsa(Cny{2})) = 4.

Case(ii) For n = 6,8. The geodetic set § = {vi,vs,} 7v’g},
but (S) is not connected, then S is not a doubly connected
geodetic set. Now consider S; = SU{vy,...vy_;} forms a
8dc — set. Therefore ggc(Dyq(Cy,{2})) = [S1] = 5 +2.

Case(iii) For n =7,9. The geodetic set S = {vy, Vit v, v’,%l 1,
but (S) is not connected . Now consider S| = SU{v», v%}

forms a g4 — set. Therefore g4.(Dsq(Cn, {2})) =1|S1| = % +
2.

Case(iv) For n > 10 and is even.
Consider the set § = {vi,va,..v;,V|,Vj/1 <i< 541} isa
8dc — set with minimum cardinality . Suppose for any ver-
tex v; €S, F'=S—v; is not a doubly connected geodetic
set in G, because (F) or (V — F) are not connected. If v;
is an end vertex then it is not a geodetic set. Therefore

gac(Dsa(Ca, {2})) = |S| = ™45

Case(v) For n > 11 and is odd. Consider the set S = {v,vu1,
2
vnTHH,v’l,v’,%1 ,v’,%lﬂ} is a nonsplit geodetic set. But (S)
is not connected. Consider a set S1 = {vz,v3, ...vmil} are
2
the vertices between vy and v,.1 | . Then doubly connected
2

geodetic set A = SU S| .Therefore g,.(Dyy(Cpr, {2})) = |A| =
ISUSH| =[S+ 81| =64 153 = 22 -

Corollary 4.5. Forn>8,

"T% for n is even
8dc(Dsa(Cpy {3})) = m9  forn is odd.

In the next section, we obtain the doubly connected geodetic
number on corona of two graphs.
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5. Corona of two graphs

Definition 5.1. Let G and H be two graphs and let n be the
order of G. The corona product G o H is defined as the graph
obtained from G and H by taking one copy of G and n copies
of H and then joining by an edge, all the vertices form the i'"
copy of H with the i'" vertex of G.

Theorem 5.2. For the cycle C, of ordern > 4, g4.(K;0C,) =
n—2.

Proof. Consider H=Kj and G =C,,n > 3. Letu; € V(Kj)
and v; € V(C,), 1 <i < n. For each v; is the adjacent to
the vertex uy, then K o C, form the wheel. By the Theorem
2.2, we have g4.(W,) =n— 2. It follows that g;.(K; oC,) =
n—2. O

Theorem 5.3. Let G be a connected graph of order n, such
that A(G) =n—1. Then g4.(K1 0G) = g(G) + 1, where g(G)
is the geodetic number of G.

Proof. LetH =K ={u} and V(G) = {v,v2,v3,...v, } be the
vertex set of H and G respectively, we have A(G) =n—1. Let
S={v1,v2,...v;/1 <1 < n} be the geodetic set of G. Consider
G| = H o G be the corona graph. It is easy to verify that S
is the geodetic set of G, but the induced subgraph < S > is
not connected. Consider S; = SU{u} be a doubly connected
geodetic set so that induced subgraphs < § >and <V —§ >
are connected. Hence |S;| = |[SU{u}| = |S|+ 1. Therefore
8dc(G1) = g(G) + 1. [

Theorem 5.4. Let P, and P,, be the paths of order ny > 2,
ny >3 then g4.(P,, o Py,) =ny+nyny — L.

Proof. Let By, :v1,v2,...v, and P, : uy,uo,...u,, are the ver-
tices of P,, and P,, with |V ((B,, 0 B,,))| = n1 +nino.

Case(i) If n, is odd, then § = {Ugl viU {u1 JU3, . Upy }nltimes}
is a connected geodetic set but it is not a doubly connected
geodetic set, because (V(P,, oP,,) —S) is not connected.
To make (V(P,, o P,,) —S) connected, we consider A = SU
{uz,ua,...ttny—1 }n times — {u} where u € V(B,,) which forms
a doubly connected geodetic set of F,;; o P,, with minimum
cardinality. Thus we have,

8dc (B 0 Pny) = |A|

=[SU{ua, us,...utn,—1} —{u}|

= 1]+ {12ttty 1} — {1}

=|{U;11V,'U {ul y U3, .. Unp, }nltimes}l + ‘{M% Ug,...Upy—1 }nltimes -
{u}|

=n1+nl2nz+nl#fl

8dc(Pay 0 Py,) =n1+niny— 1.

Case(ii) If ny is even,
then S = {UL, v;U{u1,u3, .., tn,— 1, Uny }n rimes } s a connected
geodetic set but it is not a doubly connected geodetic set, be-
cause (V (P, oP,,) —S) is not connected. To make (V (B, o

P,,) —S) connected we consider A = SU{ua, u4, ...Un,—2 }n, rimes —

0020
XYW
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{u} where u € V(P,,) which forms a doubly connected geode-
tic set of B, o B, with minimum cardinality. Thus we have,
gdC(P”] OPnz) = |A]

=[SU{uz,ug, ... utpy—2 } — {u}|

= [8]+ Huz, ua, .tn,—1 } — {u}|

:‘{U:'ilvi U {ulau37 vy Uny—1,Uny }nltimes}l

+|{u2, Uq, -~-un272}n1times - {M}‘

=n; + n1n§+l + ”1"22*1 —1.

Therefore ggc(Py, © Py, ) =ni+niny — 1. O

Corollary 5.5. Let P, and C,, are the path and cycle of order
niy > 2, ny >4, then g40(Py, 0Cp,) =ni +ninp — 1.

Corollary 5.6. Let C,, and C,, are the cycles of order ny > 3,
ny >4, then g40(Cp, 0Cy,) =ny +niny — 1.

Corollary 5.7. Let C,, and C,, are the cycles of order ny > 3,
ny >4, then g4.(Cp, 0Cy,) =ny +niny — 1.

6. Conclusion

In this paper, we discussed the doubly connected geodetic
number of a graph. Also we obtained how doubly connected
geodetic number is affected by adding a pendant vertex,corona
and shadow distance graph.

Acknowledgment

We are very thankful to the referees for reading the paper
and giving valuable suggestions.

References

(11 K.L. Bhavyavenu and Venkanagouda M. Goudar, Doubly
connected geodetic number on operations in Graphs, Jour-
nal of Engineering and Applied Sciences, 13(7)(2018),
4330-4335.

[21' G. Chartrand, F. Harary and P. Zhang, On the geodetic
number of a graph, Networks, 39(1)(2002), 1-6.

31" G. Chartrand and P. Zhang, Introduction to Graph Theory
, Tata Mc-Graw Hill Pub. Co. Ltd, 2006.

41 . Harary, Graph theory, Addition-Weseley, 1969.

[51 A.P. Santhakumaran, P.Titus and J.John, On the con-
nected geodetic number of a graph, Journal of Com-
binatorial Mathematics and Combinatorial Computing,
69(2009), 219-229.

[6] K.M. Tejaswini and Venkanagouda M. Goudar, Non split
geodetic number of a graph, International Journal of
Mathematical Combinatorics, 2(2016), 109-120.

(7] Venkanagouda M. Goudar, K.M. Tejaswini and Venkate-
sha, Strong Non-split geodetic number of a graph, In-
ternational Journal of Computer Application, 5(2014),
171-183.

81 Venkanagouda M. Goudar, K.S. Ashalatha and Venkatesh,
Split geodetic number of a graph™ Advances and Applica-
tions in Discrete Mathematics, 13(1)(2014), 9-22.

631

Doubly connected geodetic humber of graphs — 631/631

1 U. Vijaya Chandra Kumar and R. Muruli, Edge dom-
ination in the shadow distance graph of some star re-
lated graphs, Annals of Pure and Applied Mathematics,
13(1)(2017), 33-40.

(101 D B.West, Introduction to Graph Theory, 2nd edition,
Prentice Hall, USA, 2001.

ok ok ok ok ok ok ok k
ISSN(P):2319 — 3786
Malaya Journal of Matematik
ISSN(0):2321 — 5666
kK ok Kk kK kK


http://www.malayajournal.org

	Introduction
	Main results
	Results on adding a pendant vertex
	Shadow distance graph
	Corona of two graphs
	Conclusion
	References

