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Abstract. Hereby the paper, we explain the path, length, eccentricity, radius and self-centered BIVNG with characteristics and
illustrations.

INTRODUCTION

Attanasov found IFG. Smarandache F, Broumi et al [4] initiated Neutrosophic. It has three modules. SVNS notations
are given by Wang [2]. Sudhakar et al [6-10] introduced IVSNG. We defined self-centered BIVNG.

PRELIMINARIES

Definition .1 In a BIVNG G = (A, B), the path P, is defined as different vertices vi,vs,...,v,. So, any one statement
is proved.

@z [Tr(visvj), Teu (vi,vj)] > 0, [Isr(visv ;). Igu (visv;)] > 0 and [Fr(vi,v;), Fpu (vi,v;)] = O for some i and j

(il): [TBL(vi,vj)7TBU (V,‘,Vj)] = 0, [IBL(Vi;Vj)alBU(Viavj)] =0 and [FBL(Vth),FBU(Vi,Vj)] > 0 fOI’ some I andj

SELF-CENTERED BIPOLAR INTERVAL VALUED NEUTROSOPHIC GRAPH

Definition .2 A path P, in a bipolar interval valued neutrosophic graph G = (A, B) is a sequence of different vertices
V1,V2,...,v, so any one of the following statement is proved.

(a): [T;L(V,',Vj),T;U(V,',Vj)] > 0, [IgL(Vian)ylgU(Vian)] >0 and [FB!JL(V,‘,V]'),FBFU(V,',V]')] =0 Vi andj
[Té\;‘(v,',vj),Té\l'/(vi,vj)] < 0, [IgL(Vian)algU(Viavj)] < 0 and [Fg‘(vi,Vj),FévU(vi,Vj)] =0Vi andj

(b): [T&(Vi,Vj),Té)U(Vth)] =0, [IEL(V,',V]'),I{;U(V,‘,VJ'H =0and [F;L(V,',Vj),F;U(Vth)] > 0 for some i and j
[TBI\i(V,',Vj),Té\[,](V,',Vj)] = 07 [IglL(vi,Vj)JgU(V,',Vj)] =0and [FBAz(vi,Vj)7FévU(Vi,Vj)] < 0 for some i andj

Definition .3 Let G = (A, B) is a connected BIVNG.

1. T length: In G, the path P, : vi,va,...,v, lpr(P,) and Ipw (P,) is defined as

lTP(Pn) =

—

b (Pa), by (Po)| v () =

—

Iy (Pl (Bo)|

! 1
T, (viyvitt)

— 1
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where I7p (P) = (P> where Iz (P,) =
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2. I'length: In G, the path P, : vy, va,...,v, Lip(P,) and [ ;v (P,) is defined as

Le(P) = [l (B, P)} b (Pa) = [y (P), Ly (Po)]

—1 —1 1
where [ (P, _—

i—1 I By VHVhLl IL( ”) j= IgL(viaviJrl)

. n—
i—1 ( Vt;Vt+1 ) 1 ( (Vz;Verl))

3. F length: In G, the path B, : vi,va,...,v, lgr(B,) and Ipn (P,) is defined as

n

S

where [ 1”

= o~

lFP(PH) = [IFP(Pn)alFP(Pn)} ZFN(Pn) = IFZV(P”)JFZ’]V(P")}

1 —1 1
where [.»( where [~ (P,) = -
L ( Fy, (v,,v,+1)> () i= (Fé\i(vi»vﬂrl)

n— n 1
v (P,) = ———
1 ( B (V17Vt+1)> FLI/V( n) i=1 (Fé\l/](viavi+l)>

Z(I:FIF)(P)<[l1TJL(Pn)7l¥U(PH)] (11, (Pa), L (P, )],[lﬁL(Pn)Jﬁu(Pn)O

: —

Then (T,1,F) = B, :vi,v2,...,Vy

lé\!FIF)(P) ([l%(gi)vl%/(Pn)] [ZIL( ) lIU( )] ’ [ZQ!L(P,I),I%/(P,,)]>

Definition .4 Let G = (A, B) be a connected BIVNG.

1. TP-distance ;¢ (v;,v;) is min(T")-length V v;,v; € V
Orp(visvj) = |:6Tlf’ (Vi vj), 5@7(%"/)}

= 5TLp(v,~,vj) = minimum {ZTLP(P,,)}, STJ(vi,vj) = minimum {ITJ(Pn)}

TN-distance 8;v (v, v;) is max(T")-length V v;,v; € V.
6TN (Vl', Vj) = {67}{\] (v,', Vj), 5le]\/ (V,’, Vj)}
= 5T£1(vi,vj) = maximum {lTLN (Pn)}, 6T§’(Via"j) = maximum {ZT{}/ (Py) :}
2. IP-distance &, (v;,v;) is min(I*)-length V v;,v; € V
O (visvj) = {515(%%)7 S (vi,vj)}

= SIf(vi,vj) = maximum {llf(Pn)}’ 515(v,~,vj) = maximum {ll{,’(Pn)}

The [V-distance & (v;,v;) is max(IV)-length V v;,v; € V.
511\/(\1,',\/]') = [aliv(v,',\)j),@l/}/(vi,vj')}

= 51£v(vi,vj) = maximum {lliv(Pn) :}, 51{}’("1'7",/') = maximum {llﬁ(P”) :}
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3. The FP-distance 8pr(v;,v;) is min(FF)-length V v;,v; € V
6FP(V[,VJ') = {5};[(\1,',\/]'),6};[1;(\/,',1/]')}

= (‘SFLp(vi,vj) = minimum {IFLP(P,,) :} 5F5(vi,vj) = minimum {lFér(Pn) :}

The FN-distance Spn (v;,v;) is max(FN)-length V v;,v; € V.
5FN (Vi, Vj) = |:5FLN (vi, Vj), 5FL1/v (vi, Vj):|

= 5FLN(V,-,vj) = maximum {ZFsz(Pn)}, 5Flzjv(vi,vj) = maximum {IF,ﬁ’(Pn)}

Then 5(TP, P, FP) (V[,Vj) = 5(TP‘, P, FP) (Vl‘,vj') = ((STP?(SIP’ 6FP)

5(TP. P PPy = ([675’7 57‘5} [‘S]Lf’v 5]5} [6FLPv SFA >

The distance 87v v pny(viyvj) = (87w, Spv, Opn)

Sirw. v, pv) = ([6TLN, S| (8- 8] (3 (SFUND

Definition .5 If G = (A, B) is a connected BIVNG.

1. Vv; € V, the TP-eccentricity of v;
= eTP(V,') = |:6TLP(V,'),€TL1/J(VI'):|

Now eTLp(v,-) = max{STLp(v,-,vj)/v,- eV, i# j}, eTi(v,') = max{STJ(vi,vj)/vi eV, i# j}

Y v; € V, the TV-eccentricity of v;
=  ern (V,‘) = {eTLN (V,‘),e‘T[/]v (V,‘)]

Now eTLN(vl-) = min {5TLN vi,vj)/vi €V, v # vj} , elelv(vi) = mln{Slejv(v,-,vj)/v,- eV,v;# vj}
2. Vv; €V, the I”-eccentricity of v;

= ep(vi) = [elf(vi)’elﬁ (Vi)}

Now elf(v,-) :max{Slf(vi,vj)/vi eV,v # vj}, 31{;(\’1’) = max{c?,z;;(vi,vj)/vi eV, v # vj}

Y v; € V, the IV-eccentricity of v;
= ep (i) = ey (v) ey ()]
Now e,iv(v,-) = min{51£v(vi,vj)/vi eV,vi# vj} , elﬁz(vi) = min{5llzy(vi,vj)/vi eV,vi# vj}
3. Vv; €V, the FP-eccentricity of v;

= epr(v) = [egp(v),epp(vi)]
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NoweFsz(vi):maX{SF[(vi,vj)/viEV,vi;«évj},eFlz;(v,-):max{5Fp(v,, N/ vieV,vi#y }

Y v; €V, the FN -eccentricity of v;
= epn(vi) = [ey () ey ()]

Now eFZv(vi) = min{SFiv(vi,vj)/vi eV,v # vj}, ng;(v,') = min{SFlzy(vi,vj)/vi eV,v # vj}
V v; € V, the eccentricity of v;

e(vi) = (er(vi),ef (vi),er(vi)) and e(v;) = (ef (vi), e} (vi), er (vi))
That is,

() = ( lerp 0idserp ()] [egp (). e 00)] . [epp (), epp ()] )

e()N = < |:eTLN(Vi)’eTl[/V(Vi):| , {eliv(vi),elg(vi)} , |:€FLN(V1‘),€F11]V(V1'):| >

Definition .6 If G = (A, B) is a connected BIVNG. The radius G is
1. The T"-radius er(G) {er( ), rrp (G)}
where er min eT 1V € V} , rle/a(G) = min{eTg(v,') TV € V}
The TV-radius r;v (G) = {rTN( ), I’TN(G):|

where v (G) = max { eqv (vi) - vi € V} , 77 (G) = max {eTéV (vi):vie V}

2. The IP-radius r,P(G) [r,p( )1y (G)}
where r,p n{e, TV € V} , r,g(G) = min{e,{; (vi):v € V}
The IN-radlus rin(G) = [r,zv( ), r,(zy(G)}

where rliv(G) = max{eliv( i)V € V}, rI{}’(G) = max{elﬁz(vi) 1V € V}

3. The FP-radius rzr(G) = [er e }

where er = minqeprp p(vi): v € V}, er(G) = min{eFi(vi) TV € V}

The FN-radius rpn (G) = TE) rFN

where rFN = max eFN( TV € V}, ngz(G) = max{eF{}’(Vi) Ty € V}
The radius of G

That is,
r(G) = { [11p(G).1p(6)] . [p (G). 1 (G)] [ rip (G), g (G)] }

r(G)" = { (@) ()] |1y (G (O] [rip (). ()] }

Definition .7 A connected BIVNG G be a

130051-4



1. 77 , TN -self centered BIVNG, if Vv, € V of Gis T* , TV -middle vertex, respectively.
rre(G) =epr(vi), = rTLp(G) = eTLP(v,-)7 "T[f(G) = eTlf(Vi) forallv; eV
ren (G) = epn (vi), = rry (G)= eTLN(v,-)7 Iy (G)= eng(vi) forallv; € V
2. IP IV -self centered BIVNG, if V v; € V of G is I”, IV -middel vertex, respectively.
rip(G) =ep(vi), = rlf(G) = elf(v,-)7 e (G) = e (vi) forallv; e V
riv(G) =ew(vi), = N (G) = elsz(vi), rll/\]/(G) =epn (v;) forallv; €V
3. FP FN_self centered BIVNG, if V v; € V of G is F*', FN-middle vertex, respectively.
rpe(G) =epr(vi), = rFLp(G) = eFLp(v;), rF[;;(G) = eF[;;(vi) forallv, eV
ren(G) =epn(vi), = rey (G) = epn (vi), rF,’}’(G) = eF[/]v(v,-) forall v; € V
Self centered BIVNG if, V v; € V of G is middle vertex.
rTP(G):eTP( i) "TN( )= erN v (vi),
1p(G) = e (vi), riv(G) = ey (vi),
rep(G) =epp(vi), rpn (G) = epn(vi) Vv, €V

(5:3-E4lEs)

=) »EARARI)

(B35 el

RFARR etz

”%lD s .03—1([_%;;] % 21_!]1[ -1 -1
CEARARY i ([; i %%] E FzlEE5)

FIGURE 1: SCBIVNG

Example 1

path V1 Vo Vo V3 V3 V4
Distance Sf,F(v,-,vj) [5,61[3,21[3,3] [5.,61[3.21[3,3] [5.,61[3,21[3,3]
Distance 5?’[F(v,-,vj) [-3,-6]1[-5.,-41[-5,-51| [-3.-6][-5.-4][-5.-5] [-3,-6][-5,-4][-5,-5]
path V1 V4 Vi V3 V2 V4
Distance SfIF(vi, v;)| [5,61(3,2][3,3] [10,12][6,4][6,6] [10,12][6,4][6,6]
Distance S%F(vi,vj) [-3,-6][-5,-4][-5,-5]|[-6,-12][-10,-8][-10,-10]|[-6,-12][-10,-8][-10,-10]

Then the eccentricity of V; are

e(,y = ([10,12][6,4][3,3]) ef,,, = ([10,12][6,4][3,3]) [,.,, = ([10,12][6,4][3,3])
e‘(pm = ([10,12][6,4][3,3])

Radius of G is r(G) = ([10,12][6,4](3,3]) . Here r(G) = (Vl,)VViEV, and
e,y = ([=6,—12][-10,=8][-5,-5]) ef; ) = ([=6,~12][-10, -8][-5,-5])
eﬁ_%):([fé,flzuflosa[ =) el ) = ([~6,~12][~10,~8][-5,~5))

6,—
= ([-6,—
Radius of G is r(G) = ([-6, 712][ 10, 8][ ,—35]). Here r(G) = el(\il_)Vv,- ev.

130051-5



Theorem .1 A BIVNG G = (A, B) is a self centered BIVNG iff 8;r (vi,v;) < rpp(G), 6p (vi,vj) < rp(G), 8pp(vi,vj) >
rpe(G). That is

8pp(vi,vy) < rpp(G), 8pp(viyvy) < rpp(G), 8 (viv)) < rpp(G), Sp (viyv)) < ryp (G),
Spp (virvj) = rpp(G), 8pr (viyvj) = rpp(G),
Orn (vi,vj) = ren (G), O (viyvj) = riv(G), 8pn (vi,vj) < rpn(G). That is
Oy (viyvi) 2 1y (G), 87 (viyvj) 2 1y (G), 8y (visvj) = 1 (G), Sy (vivj) = 1 (G),
Sy (viyv)) < rpn(G), 8y (viyv)) < rpw(G),
Proof: Let us consider G is self-centered BIVNG.
erp(vi) = epp(vj), erp(vi) = eqp(vj)ep (vi) = epp(v)), epp (vi) = epp (v)
eFLP(Vi) = eFLp(vj), eFlf(v,-) = eFl‘}’(Vj)
and
eTLN(Vi) =ery ), ery (vi) = ery (Vj)761£’ (vi) = eli"("j% el{J"(Vi) =ew ),
epn (Vi) = epn (v)), epy (vi) = epn (v))
Now we want to prove

Orr(vi,vj) < rpe(G) (ie) STLp(vl-,vj) < rTLp(G)7 5TUp(v,-,vj) < rTUp(G)7

(

(
Opr (Vi,vj
(
(vi,vj) 2 rv(G) = G (vi,vj) = v (G), Gy (visvj) = 1y (G),
Opn (visvj) S 1pn (G) = 8 (viyvj) < rpp(G), Sy (viyvj) < rpw(G),

By the definition of eccentricity, we get

Orp (visvj) < eqp(vi), 8 (visvj) < ep(vi), Spr(viyvj) = epr(vi)
O (V,‘,Vj) > epn (i), O (V,‘,Vj) > e (vi), Opn (Vi,Vj) <epn(vi)

That is
8pp (visvj) < eqp(vi), Spp(visvj) < egr(vi),
6]{ (V,‘,Vj) < elLP (Vi)v 6]{; (Vi,Vj) < 6‘]5 (Vi)a
6FLP(V,',VJ') > eFf(V,‘), 6F5(V,',Vj) > ng(V,')

Likewise prove negative.
Since G is self-centered BIVNG, then we write

130051-6



That is,

5TP(Vi,Vj) S rTP(G>7 5]P(V[,Vj) S r[P(G)7 8FP(V[,V]') Z VFP(G).

STN(Vian) >rv(G), 51N(Vi»"j) >rv(G), 5FN(Vian) <rp(G).

Consider that,
Orp(vi,vj) < rpe(G), 8 (vi,vj) < rp(G), Opp (vi,vj) > rpe(G).
That is,
87 (Vi vj) < rpp(G), 8pp (visvj) < rpp(G),
Sp (visvj) <rpp(G), 8p(visvj) <rpp (G),
Spp (visvj) = rpp(G), 8gp (visv)) = rgp(G), ¥ (viyvj) €V,
Similarly,
Orn (vi,vj) = ren (G), 8w (viyvj) = riv(G), 8pn (vi,vj) < rpn(G).
That is,

Sy (viyvi) 2 1y (G), 8 (viyvj) = (G),

O (viyvj) = rp(G), Sy (visvj) = 1y (G),

Sy (visvj) < rpp(G), 8pn (visv)) < rpw(G), ¥ (visvj) € V.
In case G is not self centered BIVNG, then
1w (i), rpr(G) = epr(vi),

1N( i)y TEN (G) v (Vi)
Tl‘j’( Vi), rIP(G) IP(V1>

s (G) = e (i), 1ep(G) =epp(vi), 1ep(G) =epp(vi)
rn(G) =en(vi), rpn(G) =epn(vi), rpn(G) =epn(vi)

for some v; € V. Let us assume that
eTLP (Vi)a eTZI;(Vi)v e[f (Vi); e]{; (Vi)v eFLP(Vi)v and eFII;(Vi)
ern (vi), epy (vi), e (vi), ey (vi), ey (vi), and epy(vi)

It is the smallest eccentricity value,

I’TLP(G) = eTLP(V,'), rTLI/’(G) = eTi(V,'), r]f(G) = e[P(V,'), rIP (G) = 615 (Vi),
rFLp(G) :eFLp(v,-) and er(G) ng(v,'),

(D
rry (G) = eTLN(Vi), roy (G) = ele}/(v,-), N (G)= e (vi), rIN(G) =ep (vi),
rFLN(G) = eFLN(v,-), and TEY (G) = ey (vi),

Where
eTLIzr(vi) < eTLp(Vj), eTi(vi) < eTp(vj) elp vi) < elp(vj) e (vi) <ep(v)),

(vj)
epr P () <er(v]) and er(v,) <eF11/>(v]),

eTLN(vi)<eTLN(vj), ele}/(vi)<eTN(v]), e (v,)<elzv(v]) eIN( )<e,1v(v]),
N ( (vj)

epy Vi) <€FN(VJ) and eFN(vl) <epn(vj),
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Opp (viyv)) = eqp(vj) > erp(vi), 8pp(visvj) = eqp(vj) > egp(vi),
S (vivj) = ep(vi) > ep(vi), Gp(viovy) = epp (v)) > epp (vi), 2

Opp (visvj) = epp(vj) > epp(vi), Opp(viyvj) = epp(vj) > epr(vi), for some (vi,v;) € V.

Same way prove negative.
Hence form equations (1) and (2), we get

6rp (visvj) > r7p(G), Opp(visvj) > rpp(G),
Sp (visvj) > rp(G), Gp(vivj) > rpp(G),

SFLP(VZ"Vj) > rFLP(G R 6Fl:;(v,~,vj~) > I’Fg(G),

)
5TL1V(Vi,Vj) < ;’TLN(G)7 3T$/(v,',vj) <rpy (G),
S (visvj) < (G), S (vi,v)) <rp(G),

5FL1v(v,~,vj-) < FFZV(G), 6FI]]V(Vi7Vj) < VF{/\/(G), for some (V,’,Vj) eV.

Which is the contradiction to the fact that

8rp (visvj) <rpp(G), Opp(visv)) < rpp(G),

Sp (visvj) <rpp(G), Gp(vi,vj) <rpp(G),

Spp (visvj) 2 rpp(G), Spp(viyvi) 2 rpp(G), ¥ (viyvj) € V.
v (visvy) 2 ryn(G), 8 (viyvj) = rpn (G),

O (virvj) 2 (G), Sy (viyvj) = rn (G),

Spn (viyvy) < rpn(G), gy (viyv)) < rpn(G), for some (vi,vj) € V.

That is,

6TP(vian) < rTP(G)a 61P(Viavj) < rIP(G)v 6FP(Vian) > rFP(G)7
6TN(Vi7vj) S rTN(G)a 6IN(Vi7vj) S rIN(G)a 6FN(vi>Vj) Z rFN(G)7

.. G— Self Centered BIVNG.

CONCLUSION

Here we define the path, length, eccentricity and self-centered BIVNG. Next we develop it as a self median

BIVNG.

S N

[=)}
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