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Abstract: In this paper, the concept of total dominating set and taiadidation number on anti fuzzy graph is introduced. The kisun
on total domination number of an anti fuzzy graph are obthitsing strong adjacency matrix, an algorithm is derivedfifuding
minimal total dominating set of anti fuzzy graphnGThese concepts are applied on anti cartesian product iofuaay graphs and
obtained the results on them.
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1 Introduction

Domination plays a vital role in graph theory. When vagusrmesurs within objects and its relation, the concept ofyuzz
graph is developed. Sometimes uncertainty occurs with i@yelation between the objects; in such cases an anti fuzzy
graph is introduced. R.Seethalakshmi and R.B.Gnanébtiniroduced the definition of anti fuzzy graph. R.Muthuraj
and A.Sasireki@] defined some types of anti fuzzy graph. Moderson J.N. and[Bledefined the cartesian product of
two arbitrary fuzzy graphs. R.Muthuraj and A.Sasirkd) illustrated some operations on anti fuzzy graphs such as ant
union, anti join, anti cartesian product and anti compositnd also introduced the concept of domination on antiyfuzz
graph. A.Somasundaram and S.Somasundd@rmtroduced total domination in fuzzy graphs using effezdges. In
this paper, we introduce the concept of total domination Ipemon anti fuzzy graph and obtained the bounds on them.
Using strong neighbourhood fuzzy matrix, an algorithm isal#ved to predict the total dominating set for an anti fuzzy
graph. These concepts are applied on anti cartesian proflaciti fuzzy graphs. The results are examined and some
theorems are derived from them.

2 Preliminaries

In this section, basic concepts of anti fuzzy graph are dised. Notations and more formal definitions which are folldw
asin[4,5,6,9.

Definition 1. [9] An anti fuzzy graph &= (o,u) is a pair of functionsr : V — [0,]] andu : VxV — [0,1, with p(u,v)>
oa(u) v a(v) for all u,ve V.

Note. u is considered as reflexive and symmetric. In all examgléschosen suitably. i.e., undirected anti fuzzy graphs
are only considered.

Definition 2. [5] The order p and size q of an anti fuzzy graph=@v,o,u) are defined to be p¥,.,0(x) and
a=Y xyee M(X,Y). Itis denoted by O(G) and S(G).

®© 2018 BISKA Bilisim Technology * Corresponding author e-maslasireka.psna@gmail.com


 http://dx.doi.org/10.20852/ntmsci.2018.312

(_/
29 BISKA R.Muthuraj and A.Sasireka: Total domination on anti fuzzgpi

Definition 3. [6] Two vertices u and v in gare called adjacent if (1/2)a(u) vV a(v)] < p(u,v).

Definition 4. [4] The anti complement of anti fuzzy graph=Go,u) is an anti fuzzy graplGa = (o, 1) whereo =
oandu(u,v) =u (u,v) - (a(u) v a(v)) for all u,vin V.

Definition 5. [9] An anti fuzzy graph &= (o,u) is a strong anti fuzzy graph @f(u,v)=c(u)vo(v) for all (u,v)eu* and
Ga is a complete anti fuzzy graphf(u,v)= o(u)vo(v) for all (u,v)ep* and u,ve o*. Two vertices u and v are said to
be neighbors if1(u,v) > 0.

Definition 6. [6] An edge e <{u, v} of an anti fuzzy graph gis called an effective edgefif(u,v) = a(u) vV a(v).

Definition 7. [5] u is a vertex in an anti fuzzy grapha@hen N(u) ={v: (u,v) is an effective edges called the open
neighborhood of u and N] = N(u) U{u} is called closed neighborhood of u.

Definition 8. [4] A path B in an anti fuzzy graph is a sequence of distinct verticgsu, Uy, ..., U such that
H(Ui_1,U)>0, 1< i < n. Here > 0 is called the length of the pathaPThe consecutive pairsi(u, U;) are called the
edges of the path.

Definition 9. [4] A cycle in G is said to be an anti fuzzy cycle if it contains more than onakest edge. It is denoted by
Ca.

Definition 10. [5] Let G, = Ga, xGp, = (V, E') be the anti cartesian product of anti fuzzy graphs where \{=x\W5
and B = {(ug,W),(u,v2) / up € Vi, (Up, W)€ Ex} U (Ug,Wh),(V1,Wo) / Wae V> , (Ug,v1)€ E; }. Then the anti cartesian
product of two anti fuzzy graphsa8Ga, x Ga,: (01 x 02, U1 x ) is an anti fuzzy graph and is defined by

(o1x 02)(u, Up) = max{o1(u1), o2(up)} for all (uy, w)eV,
(13 H2)((ug, Up), (ug, v2)) = max{aa(uz), Ha(Uz, V2)} for all uze Vi and (b, v2)€Ey,
(H1x p2)((Uz, W), (V1, Wo)) = max {0z (W2), pa(ug, va)} for all woe Vo and (u, vi)€ E;.

Then the anti fuzzy graphAs (o1 x 02,141 X o) is said to be the anti cartesian product of anti fuzzy gra@as= (o1,
H1) and Gu, = (02, L2).

Definition 11.[6] Every vertex in an anti fuzzy graph®as unique fuzzy values then 3 said to be v-nodal anti fuzzy
graph.i.e.o(u) = c for all ueV(Gp).

Definition 12. [6] Every edge in an anti fuzzy graph®as unique fuzzy values then @ said to be e-nodal anti fuzzy
graph. i.e.u(u,v) = c¢ for all (u,v)€ E (Gp).

Definition 13. [6] Every vertices and edges in an anti fuzzy graphhave the unique fuzzy values ther i€ called as
uninodal anti fuzzy graph. i&(u)=c; and p(u,v)= ¢, in an anti fuzzy graph then G, is called as binodal anti fuzzy
graph.

Definition 14. The strong neighbourhood of an edgerean anti fuzzy graph @is Ns(e)={e; € E(G) / g is an effective
edge withvN(g) in G and adjacenttog.

Definition 15. An edge e ={u,v} of an anti fuzzy graph &is called an weak edge ff(u,v)£ o(u) vV o(v).

3 Total domination on anti fuzzy graph

In this section, the definition of total dominating set antht@omination number on anti fuzzy graph, @re defined.
These concepts are applied on some types of simple anti fyzph G, few elementary bounds on total domination
number are described along with the corresponding theocaeahsesults are illustrated.
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Definition 16. [7] A set DC V(Ga) is said to be a dominating set of an anti fuzzy graph iGfor every vertex
veV(Ga)\D there exists u in D such that v is a strong neighborhood ofth w{u,v)=c(u)vo(v) otherwise it dominates
itself.

A dominating set D with minimum number of vertices is callediaimal dominating set if no proper subset of D is a
dominating set.

The maximum fuzzy cardinality taken over all minimal doriingpset in G is called a domination number of anti fuzzy
graph Gy and is denoted by(Ga) or ya. ie, D[t =S yep O(V).

Definition 17. A set DCV(G,) is said to be a total dominating set of an anti fuzzy graphifGor every vertex & V(Ga)\

D is adjacent to atleast one strong neighbourhood vertex &nd the induced subgraph of D has no isolated vertices.
i.e., A dominating set D of an anti fuzzy graph 1S said to be a total dominating set oh® there exists a vertex in D is
not isolate.

A total dominating set D of an anti fuzzy graph @Qvith minimum number of vertices is called a minimal total
dominating set of &if no proper subset of D is a dominating set.

The maximum fuzzy cardinality taken over all minimal to@inihating set is called total domination number gf énd
it is denoted by (Ga) or yat.

Definition 18. Ga is an anti fuzzy graph and usW(Ga). If v is said to be a support vertex to u then v is adjacent leeest
one end vertex u in £

Note. Every support vertices in £scontained in total dominating set ofaGlt may dominate more than one vertex in
V\D and also in D.

Example 1.
0.6 c0.6
9
0.7
9
h 0.5 e0.8 0.8 do0.7

Fig. 1: An Anti Fuzzy Graph G

In Figure 1, the total dominating sets dme,f,g, {d,e,f,n} and{d,e,f,d. The corresponding total domination numbers
are 2.6, 2.3 and 2.4 respectively. Therefore, minimal wahinating set of @is {d,e,f,g andy(Ga)=2.6
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Theorem 1.If a total dominating set D is a minimal total dominating sétaoconnected anti fuzzy graphw@hen each
ueD has atleast one the following conditions hold,

(1) There exists a vertexa¥\D such that N\vjn D = {u}.
(2) <D\ {v} > contains isolated vertex.

Proof. Let Gy be a simple connected anti fuzzy graph and D be a total dom@aet of G. Let ueD and «V\D.
consider that N(\)D={u}. Suppose [xD\{u} is a total dominating set of &5 Then v is not dominated by any vertex in
D which is contradict to Dis total dominating set. Thus the vertex u is only strong hle@irhood to v and v is
dominated by u. Therefore,[NN D = {u} and D is minimal total dominating set. Thus every vertex hésaat one
neighbour in D. If u is removed from D then the neighbour of isédate in D.

Conversely, if the two conditions hold then we prove that @ isiinimal total dominating set of anti fuzzy graph.G
Suppose D is not minimal total dominating set. Then therstenic D such thaD\ {u} is a total dominating set. Thus u
is a strong neighbour to atleast one verteiy{u}. Therefore D\{u} may contains isolated vertex.If\{u} is a total
dominating set then every vertex ¥N\D is a strong neighbour to atleast one vertex ix{B}. Therefore the second
condition fails. Hence D is a minimal total dominating set.

Proposition 1. For any anti fuzzy graph & % (Ga) < 2p/3 where g #Ca.

Theorem 2.Let Gy be a simple connected anti fuzzy graph @dbe an anti complement of@heny{(GA)ﬂ{(G_A) <
5p/3.

Proof.Let us_consider that £3is a simple co_nnected anti fuzzy graﬂ_)\_may not have any isolated vertices. ThgiGa)=
2p/3 andy (Ga) < p. Thereforey(Ga)+1(Ga) < 2p/3 + p,#(Ga)+1(Ga) < 5p/3.

<P for pea
Theorem 3.For an uninodal anti fuzzy graph G % (Ga)= { b
> > for p>q

Proof. Let G be an uninodal anti fuzzy graph with order p and size q.

If p=q then the number of vertices and edges in an anti fuzaplyare equal. Thus every vertex has atleast one strong
neighbour in G. It yields that the vertex may dominate itself or dominate tieast one vertex in & Therefore,

yat < p/2.

If p<q then the number of vertices is less than the number of edgas anti fuzzy graph gwhich implies that every
vertex is adjacent to more than two vertices iR. GBlence the number of elements in total dominating set istless or
equal to m/2. Thereforgn: < p/2.

If p>q then the vertices have minimum number of neighbourhoo@girfThat is, the vertices are adjacent to atmost m/2
vertices and not an isolated vertex in.G1ence the maximum number of vertices dominated itself avesga: > p/2.

Theorem 4.If Ga is an uninodal anti fuzzy graph with no isolated verticemntlggdGa) = p - A(Ga), whereA(Gp) is
maximum degree of 5

Proof. Let Gy be an uninodal anti fuzzy graph with no isolated vertices @rizk the total dominating set ingGEvery
vertex in D dominates atmoa{(G)-1 vertices in V(G)\D and dominate atleast one vertex in D.
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Hence,

p=A(G)-1+|D|+1
p=A(G)+ 1 (Ga)
#(Ga) =p—A(G)

Theorem 5.For complete uninodal anti fuzzy grap@4(Ga) = 20(uy), for all u; € V(Ga.)

Proof. Let Ga be a complete uninodal anti fuzzy graph and D be the total datinig set of (3. By the definition of
complete anti fuzzy graph, every pair of vertices are adjateeach other and by the definition of uninodal anti fuzzy
graph, there exists vertices and edges assign the samevaizes. In complete uninodal anti fuzzy graph, every single
vertex can dominate the remaining vertices. But in total ihatmng set no vertex is isolated. Hence {, Uy }.

Thereforet (Ga) = o(u1) + o(up) = o (u1) + o(up){sinceGisuninodalantifuzzygraph= 20(u;.)

Theorem 6.For complete uninodal anti fuzzy graph\GandG_A is a anti complement of Stheny (Ga)+ y{(G_A): p+2
a(uy), for all uy € V(Gp)

Proof. In_complete anti fuzzy graph,g_,?,yf(GA )= 20u; {Theorem 5, In anti complement 06,, all vertices are isolated
theny (Ga)=p. Thereforey (Ga)+%(Ga)=p +2 0 (uz.)

Note.

(1) In Ga, a pendent vertex incident with only weakest edge then thtexdominates itself and also it may be a member
of total dominating set.

(2) Every vertex in total dominating set may have strong leairs with effective edge.

(3) 3<p—A(Ga)

Proposition 2.(1) For any v-nodal anti fuzzy graplyy: < g.
(2) For any e-nodal anti fuzzy grapl: < % .

Theorem 7.1f G is an anti fuzzy cycle theya, < 2-9=A(Ca)

Proof. Gy is an anti fuzzy cycle then there is a vertex in an anti fuzagleydominate atmost two neighbours@a. To
construct a total dominating set, choose a vertex(say wiwiave maximum fuzzy value and this vertex dominate their
two neighbours. To make non-isolated vertices in D, choesetrong neighbourhood of vertex iMAD.

Henceyn, < 29-A(Ga)
Theorem 8.1f G4 is an anti fuzzy path thep(Ga) < p— 0, whered is minimum degree of 5

Proof. Let Gp be an anti fuzzy path with order p arlbe the minimum degree dba. Let D be the minimal total
dominating set of &. In an anti fuzzy path, except starting and ending vert&ags(@; and u,) have maximum two
neighbours and it may be the set M. Therefore, the total datfinig set contains maximum number of vertices from M.
The verticesl; andu, dominated by some vertex in M and it contains degyed¢lencey (Ga < p— 0.

Theorem 9.Let Gy be an anti fuzzy graph andavrV (Ga) with a(v) = Ad(V(Ga)). If Ns(v) = u and|Ns(v)| < 1thenu
belongs to total dominating set ofxG

Proof. Let Ga be an anti fuzzy graph and=¥/(Ga) and D be a total dominating set ofxGConsider that @V(Ga) and
Ns(V)=u. If [N(v)| < 1 then v is adjacent to u only or it may be isolate in. GBlence &D.
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Corollary 1. If Gp is an anti fuzzy graph they(Ga)< %(G a).

Proof. Let Ga be an anti fuzzy graph. Consider that D is a dominating setarid a total dominating set of &5 Every
vertices in D dominates atleast one vertex ifDvalso the vertices in D may be isolated. But by the definitibtotal
dominating set, no vertex is isolated. Therefore the tatatihating set contains atleast one vertex is greater thaqumil
to the dominating set of anti fuzzy graphGe., |D| < |Dt|. Hencey(Ga)< %#(Ga).

Theorem 10.Let an anti fuzzy graph gcontain more than one component without isolated vertibes the total
dominating set contains atleast two vertices in each coraptsnandy (Gp) < p-0 where p=3 g(u), ucV(Ga) andd =
min {minimum degree of C()}

Proof. Let Gp be an anti fuzzy graph and D be a total dominating set gf Gonsider that & contains atleast one
component. ie., every component of, Gontains atleast two vertices, Sincg Gas no isolated vertices. To construct
a total dominating set, there are no isolated vertices in lird@fore atleast two vertices in each component should be
contained in D. Hencg(Ga) < p-d.

Corollary 2. If Ga contains m components ther{Ga) < 5 (p-6)i, where i=1 to m components.
Theorem 11.If G is an anti fuzzy tree thew(Ga) < p-y o(ui), where yare leaf in Gu.

Proof. Let Gy be an anti fuzzy tree and D be a total dominating set gf Then the root and subroot vertices of G
contained in D. Because these vertices have more adjasand® with maximum fuzzy value which gives except the
leaf of a tree remaining all vertices contained in total deaing set. Hencg(Ga) < p -3 o(u;)

Theorem 12.If G, is star theny(Ga)=0(r) + V(o (ui )) where yis a leaf and r is root of G.

Proof. If G4 is a star and D is minimal total dominating set of.@n Gp, the root vertex(say r) should be adjacent to all
remaining vertices in @with maximum fuzzy value. Thus it dominates itself and alitices. Therefore, D&}. But D

is a minimal total dominating set. Therefore the vertex mzrbe isolate in D. Hence a support vertex is chosen which
has maximum fuzzy value (say)uHence D={r, u;} andy(Ga)=0(r) + V(o (u)).

4 Algorithms to find total dominating set of anti Fuzzy graph

In this section, an algorithm is derived for finding the miairtotal dominating set of an anti fuzzy grapl Gsing strong
adjacency matrix.

Definition 19. [7] An anti fuzzy graph &=(0g, u) with the fuzzy relatioru to be reflexive and symmetric is completely
KV, V), for i # j
o(vi),for i=j

determined by the adjacency fuzzy matrix and it is denoted bywWhere (M,); j = { If o* contains

n elements then Mis a square matrix of order n.

Definition 20. [7] Let Ga be a simple connected anti fuzzy graph. Then the strong edggomatrix (M)’ is defined as,
) {[J(Vi,Vj), for i# jand v is a strong neighbourhood tq v
u)' =

o(vi), fori=]

Algorithm 1. Let us define the algorithm for finding minimal total domimafiset in an anti fuzzy graphGwith m
vertices. Let D be a minimal total dominating set of.G

Step 1:  For @, to construct the ()’ and p=sum of main diagonal elements.

Step2: LetD=0

Step 3:  Findy R(uj)andy C(u;)
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Step 4:  In (M,), choose the maximum value in R{wr C(u). If tie occurs then choose the vertex which have
maximuma(u;) in main diagonal otherwise break it arbitrarily.

Step 5:  Select the corresponding vertex in the selected sadmminated vertex and write the vertex in the set D.

Step 6: Delete the selected (labeled vertex) row and coluittnharizontal and vertical line. The resulting reduced
matrix is called as ().

Step 7:  If the reduced matrix ()'1 has any rows and columns goto step 3, until to get only dialgglaments in
the reduced matrix.

Step 8: Check the connectivity of the vertices in D. If thetists any isolated vertex then move to step 9. Otherwise
STOP.

Step 9:  Choose the maximum valueliR(u) from the reduced matrix, check the corresponding vertexljacent

to the isolate vertex in V(D) by using ())'. If the adjacencies between vertices not occur then chbeseext maximum
value. Repeat this step until D has no isolate vertex.

Example 2.For the Figure 2, The following steps for finding the total doating set using algorithm are as follows,

0.5 u 0.2 us 0.6 ud

0.7 uy 0.4

0.7 wug 0.3 us

Fig. 2: An Anti Fuzzy Graph Gz

Step 1:  For the given anti fuzzy graphGhe strong adjacency matrix (M is given as

Uy U U3 U Us Us
u [05 0 0o 0 0 o7

w |0 02 0 0 0 Q7
M,y =% 0O 0 06 06 06 O
W' u |0 0 06 04 0 O
us |[O O 06 0 03 O

U |07 07 0 O 0 Q7

Step 2: Let the total dominating set, D=0
Step 3:

U W Uz Uz Us Us SR(W)
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u (05 0 0 0 0 07]12

uw |0 02 0 0 0 Q7|09
M,y = 0O 0O 06 06 06 O |18
W w |0 0 06 04 0 0|10
us O O 06 O 03 0 |09

U [07 07 O O 0 07]21-
SCu) 1.2 09 18 10 09 21 [7.9

Step4: In(Mt), R(s) has maximum value. Then selegtand D ug}

Step 5:  Delete the selected labeled vertgxnurow and column wise at (M)’. The resulting reduced matrix say
(Mu)'s,

Step 6:  If (Mu)'1 is a strong adjacency matrix then go to step 3.

Step 3A:

Uy W Uz u us SRL(w)
u [05 0 0 0 0705
u [0 02 0 0 0|02
(My)1=uz | O O 06 06 06| 18—
u [0 0O 06 04 0 |10
us |0 O 06 0 03]09
yCl(uy) 05 02 18 1.0 09 [4.4]

Step 4A:  In (My)'1, R1(w) has maximum value. Then selegtand D= us, Uz}

Step 5A:  Delete the selected labeled vertgirurow and column wise at (I)'1. The resulting reduced matrix say
(M u)lz-

Step 7:  (M,)'2 has four rows with diagonal values only.

Up Uz Ug Us S R2(u)
uy 050 0 0705
w | 0020 002
M), =
(My)'2 w |0 004004
us |0 0 0 Q3|03
$C2(u) 0.5 02 0.4 0.3[L4]

Step 8:  Now D has only isolate vertices. In fMVb, R2(u) has maximum value. From the Figure 2, it has adjacent
with ug in D. Then selectyand put in D. then Dfus, uz us }.

Still D has isolate vertexiu

Step 8A:  In(M,)'2, the next maximum value occur at RZJ@nd it has adjacent withgin D. Then select yand
putin D. Then D= ug, U3,u1, Us}.

Now D has no isolate vertex. STOP.

The resulting set D 5 ug, Uz U1, Us} is a total dominating set of the given anti fuzzy grapk &@d which is also
minimal. The total domination number yg;=2.2

5 Total domination on anti cartesian product of anti fuzzy graphs

In this section, we apply total domination number on anttesian product on same types of anti fuzzy graphs such as
cycle, path and complete anti fuzzy graph. To the resultirigfazzy graph obtain the bounds on them. In this paper, to
derive the theorems consider that the number of vertic&jr(say m) should be greater than or equal to the number of
vertices inGp, (say m).
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GAZ:
vy 0.2
G"‘l:
0.1 {1 )] 0.6 153
sz ? V10.7 0.7 v2 0.7
(a) Complete anti fuzzy grapK, (b) Complete anti fuzzy grapKs
Gy %Gy, :
(u3,v2) 0.2
0.7 (uy,v1) 0.4 (uy,va)

0.7

0.7 (uz,v1) 0.6 (uz,v3)

0.6 (u,v2)

(c) Anti cartesian product df, x K3

Fig. 3: Anti fuzzy graphs.

Theorem 13[5] Let Ga be an anti cartesian product of anti fuzzy graphg @nd Gy, where G, = (01,11) and G,=

(02, U2) then Gy = (01 X 0,111 X Wp) is an anti fuzzy graph.

Note. In Gp, the vertices of total dominating set D incident with attease effective edges of £zand every vertex in D

is a strong neighbourhood to atleast one vertexin G

Theorem 14.Let Gy, and Gy, be any two strong anti fuzzy graphsa 6 (Ga, x Ga,) be an anti cartesian product of anti

fuzzy graphs theg(Gp) # y{(G_A).

Proof.Let G be an anti cartesian product of two strong anti fuzzy gragtjsandGa,. Therefore, there exists no isolated
vertices in G,. If each vertex in g has minimum number of neighbourhood theiGa) < p/2. Thus each vertex iBa has
maximum number of neighbourhood then minimum number ofaestin total dominating set. HenggGp) # 1 (Ga).

Proposition 3.Let Gy, and Gy, be anti fuzzy graphs andJ®e the anti cartesian product of anti fuzzy graphs af @nd

Ga,. Then

(1) %(Ga) # ®(Ga,) x ¥t (Ga,)
(2) 1(Ga) < (IV(Ga)|V IV(Ga, )]) x (H(Gay) VI(Ga,))-
(3) #(Ga, xGay) > (Ga,) xW(Gay,)
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Example 3.From Figure 3,

For Ga,,|V(Ga,)| =2,%(Gp) =0.7,

For Ga,,|V(Ga,)| =3, %(Ga,) = 1.4,

For Gp, X Gpy, [V (Gp, X Ga,)| = 6.1£(Ga, x Ga,) = 1.4,

IV (Gay)| VIV (Ga,)l) x (M(Gay) V¥ (Gay) = (2V3) x (0.7Vv1.4) =3 x 1.4=4.2 > y(Ga){ propositiorB(2)isverified }

Algorithm 2. For the Figure 3(c), the minimal total dominating set is ai#d by using algorithm 1. Applying this
algorithm, a strong adjacency matrix for the resulting &mtzy graph is constructed.
Step 1:  For the given anti fuzzy graf, x Gp,, the strong adjacency matri¥, )’ is given as

(U, ve) (Ug,V2) (u,va) (Uz,va) (Uz.Vv2) (U2,va) FR(U) 3 RL(w) ¥ R2(ui)

(uvi) [0.7 07 07 O 0 Q7 28 28 -
(u,v2) |07 02 0 0 0 0 09 09 02

M ),:(ul,V3) 07 0 04 0 0 0 11 11 04
7 (up,vh) |07 0 0 Q7 07 07 2.8 - -
(Up,v2) | O 0 0 a7 06 0 13 06 06

(uz,Vv3) i 0 0 0 Q7 0 07 ] 14 0.7 0.7

SCu) 28 09 11 21 13 21
SCl(u) 214 09 11 — 06 14
5 C2(Ui) — 02 04 — 06 07

The total dominating set ® = {(u1,Vv1), (U2,v1)}. Now D has no isolate vertex. STOP.

The resulting seD = {(uz,v1), (U2,v1)} is a total dominating set of the given anti fuzzy grapk and which is also
minimal. The total domination numberyg = 1.4.

Proposition 4. Let Gy, x Ga, be an anti cartesian product of anti fuzzy paths af @nd G,. D be the total dominating
set of G, x Ga,.

(1) If [V(Ga, < Ga,)| < 12 then G, fiber at u or Gp, fiber at b contained in D.
(2) If [V(Ga, x Ga,)| > 12 then atleast two vertices ofaGfiber at u or Gp, fiber at w is contained in D.

Theorem 15.Let Gy, x Ga, be an anti cartesian product of anti fuzzy paths af @nd Gy,with mpand my vertices and
order py and p. D be the total dominating set theg; < %.

Proof. Let Ga,andGp, be an anti fuzzy paths onjtand np vertices with order pand p and Gi=Ga, x Ga,be an anti
fuzzy graph on nmim, vertices. Let D be a minimal total dominating set of. @ he anti cartesian product of anti fuzzy
paths looks like a grid graph. By proposition 4, there exigksast one vertex ita, fiber at y or Gy, fiber at . Thus

; i i My p1+Mp P,
all the vertices in g has 3 or 4 neighbours. Hengg < W

Theorem 16.Let Gy be an anti cartesian product of anti fuzzy cycles gf@hd Gy, with order p and . Thenya < 2|
p1t+ p2- 6(Ga) |

Proof. Let Ga= Ga, x Ga, be anti cartesian product of anti fuzzy cycles@f, andGa, with order p and p. Let D be
a minimal total dominating set of £ EveryGp, fiber at uy or Gp, fiber at y has an anti fuzzy cycle and has atleast two
vertices in D and also all the vertices in@as 3 or 4 neighbours. Hengg < 2 [ p1+ p2- 9(Ga) | -

(© 2018 BISKA Bilisim Technology
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Theorem 17.1f Ga,and Gy, are two complete anti fuzzy graphs on and my vertices with order pand . Ga, x Ga,
P2, if my > m

is an anti fuzzy graph on {m, vertices thery( Ga, x Ga, ) = { )
pr, if mp < nmp

Proof. Let Gy, andGa, be two complete anti fuzzy graphs on rnd mp vertices with order pand p. Ga=Ga, x Ga,is

an anti fuzzy graph omym, vertices. Let D be a minimal total dominating set of. ®y the definition of complete anti
fuzzy graph every pair of vertices is adjacent to each other; >mj; then in Gy = (Ga, X Ga,), split the vertex set as
component with m vertices. That is, each component @n, x Ga, contain m vertices and every vertices in a
component is adjacent to each other and the vertex whicmgdkie maximum value dominate all the vertices in that
component and also it dominate a single vertex in the remgicbmponents also. Similarly, proceed in ali-fn
components. The dominant vertices in each component shewdjacent to each other. i.@(Ga)=p>. Hencey( Ga, x

Ga, ) = p2.

Similarly, if m; < my theny( Ga, x Ga, ) = p1.

6 Conclusion

In this paper, total domination number is defined on anti yugraphs. The definition of total domination number is
applied on various types of anti fuzzy graph and obtainedbthnds on them. An algorithm is described to find the
minimal total dominating set for given anti fuzzy graph. Thal domination number concept is applied on anti cartesia
product of anti fuzzy graphs such as anti fuzzy path, anttyuz/cle and complete anti fuzzy graph and obtained the
bounds on them and the algorithm is applied on anti cartgsiaauct of anti fuzzy graph to get minimal total dominating
set.
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