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1. Introduction
In 1965, Zadeh [9] introduced the notion of a fumnbset of a set as a method for
representing uncertainity. In 1975, Rosenfeld fldduced the concept of fuzzy graphs.
Atanassov [1] introduced the concept of intuitidicifuzzy relation and intuitionistic
fuzzy graph. Karunambigai and Parvathi [3] introgldidntuitionistic fuzzy graph as a
special case of Atanassov’s intuitionistic fuzzgmr. NagoorGani and Shajitha Begum
[7] introduced busy Nodes and free Nodes in irdniitic fuzzy graph. NagoorGani and
Shajitha Begum [5] introduced the conceftdegree, order and size in intuitionistic
fuzzy graph.

A study on total and middle intuitionistic fuzzy agh was introduced by
NagoorGani and Rahman [6] .We study some propesfitatal and middle intuitionistic
fuzzy graph and relations between them are disdusse

2. Preliminaries

Definition 2.1. An Intuitionistic fuzzy graph is of the form G = ¥, E > wherei)
V={v,V....,Vi} such that & V —> [0,1] andy;: V —> [0,1] denote the degree of
membership and non-membership of the elemé&it wespectively and

0<ps(vi) +yu(v)) <1, foreveryylVv (i=1,2,....... n).

i) ESV xV where g: V xV —>[0,1] andy,: V x V —>[0,1] such that

H2 (Vi V) < min fug (Vi), pa (V) 1 v2 (Vi) < max fya (vi), ya (V) 1 andO< pz (vi, V) + v2
(vi,v) <1 for every (vv) OE (i,j=1,2,...n)

Definition 2.2. An IFG, G = <V, E> is said to be a Strong IFG #F min(pui,14;)and
Y2ij = maxui, v4;), for all (v ,v)0E.
Definition 2.3. Let G = < V,E> be an IFG.Then the degree of aevewt is defined by

d(v) = (du(v), dy(v)) where @i(v) = Z . p2(V,u) and gh(v) =X v2(V,U).



A.NagoorGani and J.Anu

Definition 2.4. Let G = <V,E> be an IFG.Then the order of G isirted to beO(G) =
(O(G),0r(G) ) where Q(G) =X vcvpa (V) and @ (G) =Zvevy 1 (V).

Definition 2.5. Let G = <V,E> be an IFG. Then the size of G is wedi to beS(G) =
(SW(G),S(G)) where §(G) =Zu£v uz(u,v) and $(G) =X utv y, (U, v).

Definition 2.6:.Let G @, ) be a fuzzy graph with the underlying set V andpcgraph
G*: (o*, u*). The pair T(G) : 1 ,ur) of G is defined as follows. Let the node set (&)
be VUE. The fuzzy subset is defined on VUE as,
or(u) =o(u) if udv
= w(e) if JE.
The fuzzy relation; is defined as,
pr(u, v) =p(u, v) if u, vOV.
ur(u, €) =o(u) A u(e) if udV, eJE and the node ‘U’ lies on the edge ‘e’,
= 0 otherwise.
ur(e, 8) = u(e) A u(eg) if the edges;end ghave a node in common
between them,
= 0 otherwise.
By the definitionpr(u, v) < or(u) A or(v) for all u, vin VUE. Hencer is a fuzzy
relation on the fuzzy subset. Hence the pair T(G) of ,ur) is a fuzzy graph, and is
termed ag otal fuzzy graph of G.

Definition 2.7. A fuzzy graph G : 4, p) with the underlying crisp graph G* ¢, u*)
be given. Let G* be (V, E). The nodes and edges afe taken together as node set of
the pair M(G) : éu, Hv) Where

om(U) =o(u) if ud o*

= p(u) ifld p*
= 0 otherwise.
uv(e, 8) = u(e) A u(e) if e, g0 p* and are adjacent in G*
= 0 otherwise.
um(Vvi, vj) =0 if v, v are inc*
um(Vi, ) = (g) if vi in * lies on the edgeje p*
= 0 otherwise.

Asoy, is defined only through the valuesofaindy, oy : VUE - [0,1] is a well-
defined fuzzy subset on VUE. Alsg, is a fuzzy relation oy anduy(u, v)<opm(u) A
om(v) for all u, v in VUE. Hence the pair M(G) 6\, uu) is a fuzzy graph called
Middle fuzzy graph of G.

Definition 2.8. Let G :(o, n) be a intuitionistic fuzzy graph with its undergi set V
and crisp graph G*:.of, u* ).Total intuitionistic fuzzy graph T(G):of ,ur) of G is
defined as follows: Let the node set of T(G) be VUe intuitionistic fuzzy subset
o1t ando,r are defined on VUE as,

GlT(U) :(Sl(u) if udv

oo1(U) =o(u) if udV and
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c17(U) = w(e) if elE
o1(U) = po(e) if elE.
The intuitionistic fuzzy relatiop;rand p,r on the intuitionistic fuzzy subset
ando,r are defined as
wr(u, v) =p(u, v) if u, vV
tor(U, V) =po(u, v) if u, vOV
wr(u, €) =o1(u) A py(e) if udV, edE and the node ‘U’ lies on the edge ‘e’
wr(u, €) =0, otherwise.
wor(U, €) =0,(u) V p(e) if ulV, elE and the node ‘U’ lies on the edge ‘e’.
wor(u, €) =0, otherwise.
wir(e, 8) = w(e) A wa(e) if the edges;eand ¢have a node in common between them.

wir(e, g) = 0, otherwise.
uqr(e, 8) = po(e) V po(g) if the edges;eand ¢have a node in common between them.
uqr(e, g) = 0, otherwise.

By the definitionulT(u, V) < GlT(U) A GlT(V), HZT(U, V) < GZT(U) V GzT(V),V
u,v €VUE. Hence w1, por are the intuitionistic fuzzy relation on the
intuitionistic fuzzy subsetogr, c21). Hence the pair T(G) :of, ur) is a
intuitionistic fuzzy graph, and is termedragal intuitionistic fuzzy graph of G.

Definition 2.9. If G :(o, w) be a intuitionistic fuzzy graph with the undenlgi crisp
graph G*: 6*, u*) be given. Let G* be (V, E). Middle intuitionigtifuzzy graph is
M(G): (om, Um) Of G is defined as follows. Let the node set ¢fayibe VUE.

GlM(U) :Gl(u) if ud o*

oom(U) =o(u) if ud o*

omm(U) = p(u) if ud p*

oim(u) = 0, otherwise.

oam(U) = pe(u) if uld p*

oam(u) = 0, otherwise.

wm(e, ) = () A w(e) if &, 0 p* and are adjacent in G*

wim(e, ) = 0 otherwise.

wom(e, ) = (&) V po(g) if e, g0 p* and are adjacent in G*

wom(e, ) = 0 otherwise.

pam(vi, ) =0 if vi, vl o*

om(Vi, ) = 0 if vi , vl o*

tim(Vi, €) = pa(g), if vi in * lies on the edge;E p*

tim(vi, ) = 0 otherwise.

tom(Vi, €) = po(g), if vi in o* lies on the edge@ p*

tom(Vi, ) = O otherwise.

Asoyy is defined as only through the valuesoofand w;, oy :VUE - [0,1] is a
well-defined intuitionistic fuzzy subset on VUE. sl wy is a intuitionistic fuzzy
relation onoiv (Where i= 1,2) an@iu(u, v) < o1m(u) A o1m(v) V u, v in VUE, pou(u, V)
<oom(Uu) V oam(V) V u,v in VUE. Hence the pair M(G)afj, um) is a intuitionistic fuzzy
graph and is calleMliddleintuitionistic fuzzy graph of G.
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Definition 2.10. The busy value of a node v of an IFG G = <V,E>Ds({),D,(v))
whereQ(v) =3 wa(v) A pa (vi) andD(v) =3 vi(v) V vi(vi)where vi are neighbours of
v. The busy value of an IFG G is defined to besihva of the busy values aih IFG G
is defined to be the sum of the busy values ofmalles of G. (i.e.)D(G) =
(XiDu(vi) , XiDy(vi)) where vi are nodes of G.

3. Main results

Theorem 3.1. If G is a strong IFG, then Size(T(G)) = 3Size(G}kieice (&) Apa(e),
YeieiceM2(€) V na(g))

Proof: Size(T(G)) = (F4(T(G) , Sw(T(G))

= Quvevuetut(U,V) |, Yuvevue Hot(U,V))

= Cuveviar(u,V) |, Yuveviar(U V) +Q vev ecetiT(U,€), Y uev.ecetor(U,€)) + 0 ei cicettat(€, §),

Y eieiceMzr(€,86))

{if (u,v) OE(G) in | summation, u lies on e in G in Il summoati there is a common
node between @and ¢in Ill summation}

= Cuvevia(U,V) | Y uvevita(U,v)+Quev,ece01(U) A pa(e),
ZUCY,eCEOZ(u)VHZ(e))+(Zei,e'ﬁEH1(e) A 11(€), Yeiecer2(€)V pa(€))

= Size(G)+ 2Feceta(€) YeceM2(€)) + Ceicrera(@) A 1a(8), Yeiepetz(8)V 1a(8))
= Size(G)+2Size(G)Meieicea(€) A 1a(8), Yeierera(8)V pa(8))

Size(T(G)) = 3Size(G)Heieceta(@) A 1i(8), Deierela(€)V Ha(8)).

Example 3.2.
©) T(G)
v1{05,0.3) vi(0503)  (02,07) €3(0.2,07)
o 0.2,0.7)
(05,03 (0207) 0.2,07)
{5-5,0-3} (0.20.7) (0.2,0.7)
€1{0.5,0.3) (0503)
v(0.2,0.7)
(0203 (02,07
\1'2{06;03} {02,0?} V3{02,0?} {DlSFDlS} (DlEPDJ}
v'zm.s,o.a} 0209) e2(0.20.7) -
(a) (b)
Figure 1:

3size(G)+F eiejce 11(€) A 11(8),Y eiecetia(€) V pa(8)) B
= 3(0.9,1.7)+(0.6,2.1) (1,i=1.2,3)
= (2.7.5.1) + (0.6,2.1) = (3.3,7.2) = SizaTJY
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Theorem 3.3. dr(g)(u) = 2&(u), if UEV
dr)(e) = busy value ofén T(G), if e€E.
Proof: Case (i) : Let eV,
tre)(U)= Cveviar(U,V) , Yvevhar(U,V)+Qecettar(U,€) Y ecelzr(U,€))
= Buvevia(U,V),Yuveviz(U, V) +Quev,ece01(U) A pa(€), Yuev,ece02(U)Viz(€))
= QLeceavevi(€), 2 12(€)) + Cecera(€), Y ua(€)) = 20 ecera(€), Y 1a(€)) = 26(u)
Case (ii): If e€E,
drg)(@) =Cuev.eicetat(U,8), Yuev.eicelor(U,8))+(XeiepetiT(€,8), Y eicpettot(€,6))
[where u lies oni€E(G) in | summation and,g has a common node in G in Il
summation]
= Yuev.eice01(U) A pa(€), Yuev.eice02(U)Via(€))+ (X eieieta(e) A pa(e),

Yeiecel2(€)V pa(g))
Where u,@re neighbours of & T(G).
dr)(e) = busy value ofien T(G).

Example 3.4.
G) T(G)
wos0s) 0303 va0702) VIQ209)  (0209) MO0
el

(0.2,0.5)

{0.3,0.5)

e2| (0.6,0.3)
{0.3,0.5)
e2(0.6,0.3) 06.03) v2(0.7,0.2)
]
v3(0.6,0.3) {0.6,0.3) (0.6,0.3}
w3(0.6,0.2)
(@) (b)

Figure2:

Here, d(g)(v1) = (0.6,1.0) = 2(0.3,0.5)= (1)
dre)(V2) = (1.8,1.6) = 2(0.9,0.8)= 20,)

Or)(Va) = (1.2,0.6) = 2(0.6,0.3)= 2¢Ws), if uEV

If &€E, drg)(e1) = (0.9,1.5) = busy value of & T(G).
dr)(e) = (1.5,1.1) = busy value of & T(G).

4, Moreresults

Theorem 4.1. If G is a stronglFG, then Size(M(G)) = 2Size(Q#ie,~ Ha(e) A

i(€), 2eiecria(€) V pA(8)).

Proof: By definition of Size of IFG,

Size(M(G)) = Euvevuetam(U,V) , Yuvevue Ham(U,V))

= Quveviam(U,V) Y veviam(U, V) +Qvev.ecetam(U,V) , Y uev.ecetom(U, V) +uveetam(U,V),
Yuveekzm(U,V))

5
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= O+(Zu,v€El-ll(u) A Hl(e):Zu,veEHZ(u) \Y Hz(e))"'(ZejCE&u lies on e}ll(Q): ZIJZ(Q))
= QeieinrMa(@)AN(8), Y eieicur Ha(€)V 12(6)) +2 ejceru(€), 2 1(8))
As each edge in E(G) is incident with exactly 2 emth G.

Hence, Size(M(G)) = 2Size(G)Fkiei,r 11(€) A 11(8),Y eicirt2(€) Via(E)).

Example 4.2.
G) M(G)
v1{0.7,0.3)

(0.2,0.5) (0.4,04)

v1(0.7,0.3)

£3(0.2,0.5)

(0.2,05) (0.4,0.4)

(0.2,0.5) (0.4,04)

“e
v3(0.2,0.5)  (0.2,0.5) v2{0.4,0.4)
0 (0205 \/ (0205 4 0000
v3(0.2,05)  2(0.2,05) o
(@) (b)
Figure 3:

Size(M(G)) = (2.2,4.3) = (0.6,1.5)+2(0.8,1.4)
=2Size(G)+E eicicw 11(€) A pa(8), Y eicicnrtz(€) V pa(8)).

Theorem 4.3. M(G) is a strong intuitionistic fuzzy graph.
Proof: Consider an edge (u,v) in M(G).
Then,uum(u,v) =pu(g) [if uin o* lies on the edge v=E p*

a1(e) A () [ifu =g, v=g0 p* and are adjacent in G*|
And pow(u,v) =po(e) [if uin o* lies on the edge v5@ p*

R(e) V p(g) [ if u =g, v=6eO p* and are adjacent in G*]
Case (i): If , pum(u,v) =pa(g) [if uin o* lies on the edge v=[e p*] then
= oiu(g) as v =gl p*

&1m(§)Ac1m(U)

Hence pm(u,v) =oim(u)Aoim(v)
And pow(u,v) =po(8)
= o2m(8)

B2m(8)V o2m(U)
Hence pom(u,v) =ooum(U)V oam(v)
Case (ii): If pam(u,v) =pa(e) A w(e) [ if u =&, v =g00 p* and are adjacent in G*]
Then,uim(u,v) =c1m(€) Acim(€)
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And, pow(u,v) = pa(e) V po(e)

Bom(€)Voam(E)
Hence by case(i) and case(ii), if (u,v) isuify anduoy then
tam(U,v) = o1u(e) Aoiu(g) anduav(u,v) = cam(€)Vom(e)
Therefore, M(G) is a strong IFG.

Example 4.4.
(G) M(G)
v2(0.2,0.7)
L
v1(0.3,05 0. 40,
__( .} 020 v2(0.2,07) 0207) \;3{04,01}
el el (0.2,0.7)
(0.2,0.7)
e3((0.20.7)
v1(0.3,0.5) &3(0.207) v3(0.4,0.1)
} (0.2,0.7)
v4(0.6,0.2)
v.a(u.s,n.z}
(a) | (b)
Figure4:

Theorem 4.5. dyg)(u) = d(u), if €V and
33[e), no(e)]H[Xejeera(e) A pa(8) Xejeera(e) V pa()]
{If u=ejand ggl pu* are adjacent in G*}
Proof: Case(i): Let LEV, du(e)(U)=[Xeiceram(U,§), X mam(U,6)]
Where u lies on the edgglgu*, then
Edeetum(8).21am(8)]
=d(n)G.
Case (ii): Let W/€E, if u = g then
dwe)(U) = due)(@) = Rvevueram(€,V) » 2vevue Ham(€,V)]
=Yrevium(€,V) , Yvev Ham(€,V)]H[ X v=eicetim(€,8), 2 v=eicetom(€:,6)]
= 2hi(€), pa(8)]H[Xejeera(€) A pa(€), Y ejcera(€) V pa(€)]
(As exactly 2 nodes lies onand by definition ofuy andpm where ggd p* are
adjacent).
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Example 4.6.
(©) M(G)
V(0508 (03,06) e1(03,06) (03,06) v2(0.3,06)
vI0504) (0306)  v20.306)
el
(04,06 02,07)
(0.2,07)
(0408) | €3 2
23(0.4,06) #e2(0.2,0.7)
0.20.7)
' 3(0.20.7
vA4{0.4,0.6) ¥3(0207) b w(020)
(@) (b)

Figure5:

Here, dyc)(v1) = (0.7,1.2)= d(u) in G.
du)(er) = 2(0.3,0.6)+[(0.3,0.6)+(0.2,0.7)]=(0.6,1.2)+(A.B)=(1.1,2.5).

Theorem 4.7.
Busy value of M(G) =4Size(G)+2ki eicetta(€)A11(6), Y eieicettz(€)V 1a(8))
Proof: Busy value of M(G)X,evueD(V)
Ysevued(V) { M(G) being strong D(v) = d(v)}
= 28(¥(G))
= 2[2Size(C)+Eeieicir (BN 11(8), YeieiewHa(€) V p2(€))]

Busy value of M(G) = 4Size(G)+Zki eiceta(€)AN1(€), Y eieier2(€)V 1a(E))
{whereg,g€E and gg are adjacent in G}.

Example 4.8.
v1({0.3,0.4) v2(0.5,0.2)
: : & v1(0.3,0.4) v2(05,0.2)
(0.3,04) (0.1,039) 0109]
(0.2,0.4) {0.1,0.9)
€3(03,04) eA0L03) 5 109)
21(0.1,0.9)
(0.1,09) 0.1,09)
. a3l (0.3,04) (0.1,0.9) 0203)
v4{0.7,0.2)  (0.1,0.9) v3{0.1,0.9) (0.009
v4(0.7,0.2)
(0.1,0.9)
20109 (piog) V30103
6(a) (G) (b) M(G)

Figure®6:
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Busy value of M(G) = D()) +D(€))+D(v2)+D(vs)+D(€)+D(va)+D(&s)+D(es)
= (0.4,1.3)+(0.4,3.6)+(0.1,0.9)+(0.3,2.7)+(0.5)4(0.4,1.3)+(0.7,1.7)+(0.4,3.6)

=(3.2,19.6) (i)
4(0.6,3.1) + 2[(0.1,0.9)+(0.1,0.9)+(0.1,0.9)+(0.2)p
=(2.4,12.4)+2(0.4,3.6)=(3.2,19.6) (i)

From (i) and (ii)
Busy value of M(G) =4Size(G)+2ieceti(€)A11(8),Yeicicera(€)V pa()).
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