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Abstract The non-membership and membership functions of an intuitionistic fuzzy graph
are said to be intuitionistic fuzzy semi-labeling graphs if they are bijective and have distinct
values for each vertex. By connecting a Y-tree Y/, ), where m < 3, and a cycle C, to each uy;
for 1 < ¢ < nin a path uj,us,...,uz,+1, Wwe obtain a human chain network HC’(mm). In this
research, we establish the admissibility of Intuitionistic Fuzzy Bi-magic Labeling on the Human
Chain Graph, Circular Human Chain Graph, and Strong Human Chain Graph, and calculate its
bi-magic number.

1 Introduction

Graph Magic labelling [14],[25] assigns values to each vertex or edge of a graph based on specific
requirements. Fuzzy magic labeling takes this concept into fuzzy space by including degrees of
uncertainty, resulting in useful applications in optimization, telecommunications, and network
modelingis a widely studied topic in discrete mathematics, where each graph element (vertex or
edge) is assigned values subject to certain conditions. Fuzzy magic labelling extends this con-
cept into fuzzy space by incorporating degrees of uncertainty, leading to practical applications in
optimization, telecommunications, and network modelling [18]. With the advent of intuitionistic
fuzzy sets introduced by Atanassov (1986) [4], presented intuitionistic fuzzy sets, which have
been further developed to include membership and non-membership degrees. [5] [10] [29] [32]
[63]. This work applies these expansions to human chain graph families, offering fresh insights
into graph labeling under uncertainty

Several studies have advanced the notion of fuzzy magic graphs. Gani and Rajalaxmi(2012)
[6] and Gani and Akram (2014) [7] explored the algebraic characteristics and practical applica-
tions of fuzzy labeling graphs. Fathalian et al.. (2019) [20] improved the idea by investigating
magic labeling for several types of fuzzy graphs [37],[39],[42]. Intuitive fuzzy magic labeling
is based on Mehra and Singh’s (2017) [43], approach, which we created in 2019 [1].Anitha and
ArunaDevi expanded the notion of rough space in [12].

Researchers such as Ameenal Bibi and Devi (2017) [2] and Chellamani [23] provided an account
of the history of graph labeling algorithms. We established bi-magic labeling in intuitionistic
space (2023) [24] and Gallian (2014) [27] provided an account of the history of graph labeling
algorithms. We established bi-magic labeling in intuitionistic space [8].

Human chain graphs, first investigated by Anitha and Selvam (2018) [3] [46], represent net-
works with sequential or circular connectedness, such as social chains, supply networks, and
communication protocols. These structures are ideal for labeling techniques such as D-lucky
edge labelling and others [9] [11] [53] [56] Exploring fuzzy labeling inside these graphs offers a
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more sophisticated portrayal of real-world systems with ambiguous or imprecise edges. Hence
extending the theory to cover intuitionistic human chain graphs

Magic labeling techniques have also found practical use in communication networks and health-
care systems [22]. Riaz et al. (2022)[26] used fuzzy approaches to code DNA sequences,
whereas Munir et al. (2021) [44] used them to hemodialysis models. Fuzzy labeling is im-
portant in multi-criteria decision-making systems [61], including smog mitigation techniques
[21], [59], and robotics engineering selection [40]. Researchers examined the generalization of
intuitionistic fuzzy graphs to different graph families [40], [41], [45], [49], [56], [58], [60].
This study draws from recent advancements in intuitionistic fuzzy systems, including fuzzy non-
linear programming by Vanaja et al. (2024) [16] and integral equations over fuzzy bipolar spaces
by Mani et al. (2023) [28]. Additionally, the computational aspects of fuzzy graphs, as ex-
plored by Pamucar et al. (2022) [19] and Liu et al. (2023) [24], highlight the relevance of
fuzzy graph theory in addressing complex optimization problems [35]. These advancements
[60, 62, 64, 66, S58]inspire further investigations into the human chain graph family under intu-
itionistic fuzzy labelling, filling a critical gap in the literature.

Several recent research have focused on human chain networks, including D-lucky edge labeling
by Ram et al. (2021) [11] [57]], topological indices by Devi and Anitha (2020) [51], and dom-
inance theory by Shanthi and Anitha (2022) [48]. Real-world network uncertainty can be more
accurately modeled by using these labeling techniques to an intuitionistic fuzzy context. Anitha
and Datta (2023) [33]found that fuzzy sets are beneficial in picture processing, indicating that
similar techniques might improve network theory. This study expands on Murugesan’s (2023)
[41],work, which highlights the significance of intuitionistic fuzzy labeling in real-world appli-
cations..

This work aims to explore intuitionistic fuzzy magic labeling on human chain graph structures
to enhance decision-making in uncertain systems and contribute to the field of fuzzy and in-
tuitionistic graph labeling [26, 31, 36, 44, 52, 56] Using these approaches on human chain
networks allows for better understanding and optimization of networks with less information
[13, 15, 17, 21, 24]. This study, which bridges the gap between fuzzy labeling theory and intu-
itionistic fuzzy systems, [28, 34, 38, 47, 50, 54] provides the framework for future research in
mathematical theory and practical network science.

This study bridges a gap in the field of fuzzy and intuitionistic fuzzy graph labeling by exam-
ining intuitionistic fuzzy magic labeling for structured graphs such as human chain networks.
Traditional techniques in structured graph systems lack complete frameworks for dealing with
uncertainty. This paper introduces a scalable technique for intuitionistic fuzzy labeling on human
chain graphs, enhancing consistency, uniqueness, and optimization in uncertain contexts.

2 Intuitionistic fuzzy Bi-magic semi-labeling

Definition 2.1. An IFG is said to be Semi-labeling graph on Intuitionistic space if the non-
membership and membership functions are bi-jective with all unique values for each vertex.

Definition 2.2. A semi-labeling graph is said to be a magic graph on intuitionistic space if
Tm (Vi) + pom (0, 05) + o (V) = 00 (V3) + pn(vi, vj) + on(v;)  forall v, v; €V,

where o, (v;) and pi,,, (v;, v;) represent the membership functions of vertices and edges of the
intuitionistic fuzzy graph, while o, (v;) and p,, (v;, v;) represent the non-membership functions
of vertices and edges of the intuitionistic fuzzy graph.

Definition 2.3. A semi-labeling graph which admits a Bi-magic labeling on Intuitionistic space
is called a Intuitionistic Fuzzy Bi-magic semi-labeling(IFBSL)

Definition 2.4. By connecting a Y-tree Y(m+1) withm < 3 and acycle C), to each up; for 1 <i <

n, we obtain a path {u, up, . .., uz,+1 } that yields a human chain network H Cl(n,m)- The vertices
of the Y-tree Y, ;1) and the cycle Cy, are labeled as wy,wy, ..., wym and vy, v2, ..., Vp(m—1),
respectively.

Theorem 2.5. For n > 2 and m > 3, every Human Chain Graph admits Intuitionistic Fuzzy
Bi-magic semi-labeling.
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0.1, ifn<?2
0.01, ifn>2
Bi-magic Semi-labeling for Non-membership Functions of Vertices in HC(,, ,,,):

Proof. Let’s define z in the interval (0, 1] such that: z =

om(uzic1) = Bm+4—1i)z, 1<i<n+]1,
om(va) =2n(m—1)— (i —1)]z, 1<i<mn,
n(m—1)
2
Om(Wmitjr1) =[4m+i)+7+2]z, 1<j<m-1, 0<i<n,

m(v2;_1) = min {O’m(’l}gi) [1<i< }—iz, 1<i<n,

Om (Wimi—2) = Max {op (Wmi), Om(Wmi—1)} +iz, 1<i<mn,

Um(UZi) = min {O—m(wmi72)7 O'm(UQi,I), O'm(u2i+1)7am(v2ifl)7Um(UZi)} - 4Z; I1<i<n
Bi-magic Semi-labeling for Non-membership Functions of Vertices in HC,, ,,,:
on(uzi—1) = Bm+2+2i)z, 1<i<n+1,
on(v2i) = 2n(m —1)+2(i—1)]z, 1<i<n,
an(vzl-l):min{an(vzl-) ‘ 1§Z§ n(TnZ_l)}—(Z—Fl)Z, 1 SZSn,
On(Wmitje1) =[4m+i)+7+5]z, 1<j<m—-1, 0<i<n,
On(Wmi—2) = max {0, (Wmi), on(Wmi—1)} +iz, 1<i<n,
Un(UZi) = min {Jn(wmi72)7 O—n(u2i71)7 O'n(u2i+l)70—n(v2i71)7 Un(UZi)} - 427 1 S 1 S n.
Bi-magic Semi-labeling for Membership Functions of Edges in HC(,, ,,,):
o (Wimi—2), 42i) = Om(Wimi—2)) + om(u2s) + [nm +2m — 6i]z, 1 <i<n,
Nm(u2i7u(2i71)) = max {O'm(w(mi72))vJm(u(Zifl))v Um(u(2i+l))7 Um(v(ziq))ﬂm(vzi)}

—min {Um(w(mi—Z))v Um(u(Zi—l))v Um(u(2i+l))7 Um(v(Zi—l))v Um(Uzz')}

+2n—3i+3]z, 1<i<n,

Mm(UZi»u(2i+l)) = max{am(w(mi72))7Um(u(Zifl))aUm(u(2i+l))aO'm(v(%fl))vam(v%)}

—min {o'm(w(mi72))7 Jm(u(Zifl))7 Um(u(2i+l))7 Um(“(zzel)L Um(Uzi)}

+2n—3i+4]z, 1<i<n,

pim (24, v2;) = max {Um(w(sz))v Um(u(ziq))’ Um(u(2i+1))a O'm(v(%fl))v Um(UZi)}

—min {0 (Wimi—2)); Om (U@i—1)), Tm (U2it1))s Tm (Vi—1))s Tm (v2:) }

+mn—=3(—1)+2]z, 1<i<n,

Hm(UZiaU%—l) = max{Um(w(mi—Z))vU'm(u(Zi—l))aUm(“(Zi—&-l))aUm(“(Zi—l))vo"rn(UZi)}

—min {Um(w(mifz))v Um(u(Zifl))a O-m(u(Zi-‘rl))a O'm(v(Zifl))v Um(vzi)}

+[mn—3G—1)+4]z, 1<i<n,

Hm(UZiyv(Zi—l)> = max {Um(w(7ni—2))7Jm(“(%—l))a Um(u(2i+l))a Um(v(Zi—l))70m<U21)}

— min {U77L(w(mi—2))7 Om (U(Zi—l)>a Om (u(2i+l))’ Um(U(Zi—l))v Um(UZi)}

+[mn —3i+2]z, 1<i<n,
Mm(wmi,U)(mi—z)) = [B3nm —8i]z, 1<i<mn,

P (Wit gy, Wimitjrn)) = [Brnm—=8i+ 1]z, 1 <i<n.
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Bi-magic Semi-labeling for Non-membership Functions of edges of HC(,, ,,):

pin (Wimi—2), u2i) = On(Wimi—2)) + onluzi) + 204+ 2m(i —1)]z, 1<i<n,
fn (u2i, U(Zifl)) = max {Un(w(mz?Z))v Un(u(2ifl))7 Un(u(2i+1))7 Un(v(ziq))a Un(vzi)}
—min { o, (Wini—2)), 00 (U2i-1))s On (U2it1))s On (V2i-1)), o (v20) }
+2mn —6i+ 1]z, 1<i<n,
fin (Ui tuaigny) = MaX {00 (Wimi—2))s On(Uiz1))s Tn(Uis1))s On(V2iz1))s on(v2i) }

—min {O'n(w(mi72))7 Un(u(Zifl))7 Un(u(2i+1))7 Un(v(ziq))’ Un(Uzi)}

+2m(1 —i)+ 5]z, 1<i<nmn,
pin (Ui, v2i) = max {Un(w(mi—z))7O’n(u(zi—l))aUn(u(ziﬂ))aUn(U(zi—l)),Un(Uzi)}

—min {OTL (w(mi—Z) ) yOn (u(Zi— 1) )a On (u(2i+1) )a On (U(Zi— 1) )a On (UZi) }

+2m(n+1-1)]z, 1<i<n,
Mn(uzmv(zz‘—l)) = max{Un(w(mi—Z))vUn(u(Zi—l))aUn(u(21',+l))aUn(U(Zi—l))ao—n(UZi)}

— min {Un(w(mi—Z))v Un(“(Zi—l))a 07:,(U(2i+1)), O'n(v(Zi—l))a Un(UZi)}

+2mn—m(i—1)+2]z, 1<i<n,
#n(vzi,v(u—l)) = max {Un(w(mi—Z))vJn(u(Zi—l))aUn(u(2i+1))aUn(v(%—l))aan(vh’)}
— min {Un(w(mi—m)aUn(u(y—l)),Un(u(zz'+1)),Un(U(zi—l)),Un(vzi)}
+[mn —6i+ 8]z, 1<i<n,
o (Wi, Wimi—2)) = [Bnm —=8i—1]z, 1<i<n,

:U'n(w(miJrj)a w(mz’+j+1)) = [37”71 - 8i]z, I<i<n.

Now, we check whether these labeling satisfy Intuitionistic Fuzzy Bi-magic semi-labeling for all
human chain graphs.
Let us split the vertices and edges of the human chain graph into four parts:

(i) Head with vertices {uy;, v; } and edges {up;v2;, u2;v;, V;V;41}-

(i1) Hands with vertices {ug;+1, u2; } and edges {u;u;1 | 1 < < 2n}.

(iii) Legs with vertices {wm(i,l)ﬂ- [1<j<3,1<i<n}
and edges { W, (i—1)4+1 Wy (i—1)42> Wn(i—1)+1Wmi—1)+3 | 1 < i <n}.

(iv) Trunk with vertices {u2i, Wyn(i—1)41 | 1 < i < n} and edges {uziw,,i—1y41 | 1 <i <n}.

Magicness of Heads

To verify that heads of Human chain graph satisfies the Bi-magic Semi-labeling condition we
prove that the magic value is same for odd and even cases of vertex index and edge index.

Magic value for Membership Function:

My (P) = 0 (v2i) + o (v2i,02i-1) + o (v2i—1)
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When : is even:

M, (P)={2[n(m—-1)]—-Q2z—-1)}=z
+ max {de(mem_z,(Tm(’u,4z_1),0m(’u,4z+1),O’m(’04z_1),0m(1)4x)}
— min {O-T)'L (w2mz—2)7 Om (u4w—1)7 Um(u4w+l )7 Om (U4m—1)7 Om (U4z)}

+ [mn+2 —3(22)]2

—1
~+ min {Jm(mx) ‘ 1 <22 < n(mz)} —2xz

= [3mn —2n — 10z + 2]z
+ max {Um (meLE—Z; Om (u4a;—1); Om (u4a:+1)7 Um(v4x—l)7 Om (U4w)}

— min {Um (w2mz72)7 Om (u4:v71)7 Om (U4:v+l )7 Om (U4z71)7 Om (U4a:)}

+ min {Jm(mr) ‘ 1 <22 < n(mz—l)}

When : is odd:

M, (P)={2[n(m—-1)] - (2z—-2)}=
+ max {de(mem_z,(Tm(’u,4z_1),0m(’u,4z+1),O’m(’04z_1),0m(1)4x)}
— min {O-T)'L (w2mz—2)7 Om (u4w—1)7 Um(u4w+l )7 Om (U4m—1)7 Om (U4z)}

+ [mn+2-32z—1)]z

-1
~+ min {Jm(mx) ‘ 1 <22 < n(mz)} —2xz

= [3mn —2n — 10z + 2]z
+ max {Um (meLE—Z; Om (u4a;—1); Om (u4a:+1)7 Um(v4x—l)7 Om (U4w)}

— min {Um (w2mz72)7 Om (u4z71)7 Om (U4:v+l )7 Om (U4z71)7 Om (U4a:)}

+ min {Jm(mm) ‘ 1 <22 < n(mz—l)}

Magic value for Non-Membership Function:
M,,(P) = 0y (v2i) + pin (021, v2i-1) + 05 (v25-1)
When i is even:

M, (P)={2[n(m —1)] + 2z} z
+ max {Zan (mexfb On (U4z,1), On (u4z+l )7 On (’124171), On (U4I)}
— min {O'n(mex—Z)y O'n(u4x—1 )7 Un(u4x+l )a O'n(v4x—] )7 O'n(v4a:)}

+ [mn — 2z

—I—min{on(mx) ‘ 1 <2z < n(mz—l)} —2xz

={3mn —2n -2z} z
+ max {0y (Wamz—2, On (Usz—1), On(Uset1), On(Vae—1), 0n (Vaz) }
— min {Un (w2m172)7 On (u4x71)7 Un(u4x+1)a On ('U4x71)7 Un(v4$)}

n(m—l)}

—I—min{on(mm) ‘ 1 <2z < 3
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When i is odd:
M, (P) = {2[n(m — 1)] + 22— 1} =
+ max {Jn(w2mm—2)a On (u4m—l)a On (u4z+l)7 On (v4z—l); On (U4a:)}
— min {O"n (mew—2)7 Un(u4x—] )7 Un(u4;t+1 )7 On (U4a:—] )7 On (U4a:)}

+ [mn =2z + 1]z

-1
+min{an(v4z) ‘ 1 <2z < n(mz)} —2zz
={3mn—2n—2z}z
+ max {Un(w2mcv—2)a On (u4a:—1)a On (u4$+1)7 On (U4x—1); On (U4w)}

— min {Un (w2mm72)7 Jn(u4m71)7 Un(u4x+l)> On (’U4x71)7 On (U4z)}

+min{an(v4z) ‘ 1 <22 < n(mz—l)}

Hence, the magic value is the same in both cases.
Magicness of Hands

To verify that Hands of Human chain graph satisfies the Bi-magic Semi-labeling condition we
prove that the magic value is same for odd and even cases of vertex index and edge index.

Magic value for Membership Function:

My (P) = 0 (u2) + pm (Ui, u2i—1) + 0 (u2i—1)
When : is even:

M, (P)={3m+4 -2z} 2
+ max {Um (w2mm—27 Tm (u4.’£—1)7 Um(u4.t+l ); Om (U4x—l)7 Om (U4m)}
— min {Um (mew—2)a Om (u4w—1 )a Om (u4$+1)7 Om ('U4w—l)a Om (U4w)}

+ [2n — 62 + 3]z

+min{am(v4z) ’ 1<2z< ”(mz_l)} — 3z
={3m+2n—-8zx+4}z
+ max {Um (w2m1727 Um(u4w71)7 U'm(u4z+1)a Om (U4m71)7 Um(v4a:)}

— min {Um (w2mx72)7 Om (u4x71)7 Om (u4x+1)7 Om (’U4x71)7 Om (’041)}
—i—min{om(m:c) ’ 1 <22 < n(mzl)} forl1 <i<n
When i is odd:
M, (P)={3m+4—-2x—1}2
+ max {Um(w2mx—2)a O'm(u4x—l )7 Om (U4x+] )7 Um(v4x—l )a 0'771,(1]490)}
— min {Um (mew72)7 Um(u4:1:71)7 Um(u4w+1)a Om ('U4w71)7 Um(v4a:)}

+ [2n — 62 — 3]z

+min{am(v4$) ’ 1 <2z < n(mzl)} —2zz

={3m+2n—-8x+4}z
+ max {Um ('LUZm:E—Z)y Om (U4m—1>7 Om (U4m+l )7 Om ('U4.'t—1); Om (v4r)}

— min {Um (w2mw—2)a Om (u4z—1)a Om (u4m+1)7 Om ('U4w—1)a Om (U4x)}

1
—|—min{am(v4m) ’ 1 §2x§n(m2)} for 1 <i<n.
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Magic value for Non-Membership Function:
My (P) = om(u2i) + pon (u2i, u2i—1) + 0 (u2i1)
When i is odd:

M,(P)={B3m+2+4x+2)}=z
+ max {Un(mem—Za Un(u4z—l)7 Un(u4x+l); Un(v4x—l)7 Jn(v4m)}
— min {0y, (Wama—2), Tn (Uaz—1), On(Udzs1), 0 (Vaz—1), On(vaz) }

+ [2nm — 122 — 6+ 1]z

—1
+min{an(v4z) ’ 1<2z2< n(mz)} — 2z

={[2nm +3m — 8z — 1]z} 2
+ max {Un (w2mw—27 Un(u4ac—l)7 Un(u4x+1)a On (U4x—1)7 Un(v4m)}

— min {Un (w2mx72)7 On (u49371)7 On (u4x+l)7 On (’U4x71 )7 On (U4z)}

+min{an(v4z) ’ 1<2z< n(mz—l)}

When i is even:

M,(P)={3m+2+4z}z2
+ max {Un (w2m1:—27 Un(u4ac—l)7 Un(u4$+1)a On (U4$—1)7 UTL(U4I)}
— min {Un (w2mx72)7 On (u4x71)7 On (u4x+1)7 On (’049371 )7 On (U4z)}

+ 2nm — 122 + 1]z

+min{an(v4m) ’ 1<2z< n(mz—l)} —2zz

={[2nm +3m — 8z — 1]z} 2
+ max {Un (w2m1727 On (’U,41;,1)7 Jn(u4m+l)a On (’U4m71)7 Un(v4z)}

— min {Un (w2mx—2)a On (u4x—1 )a On (u4x+l)7 Jn(v4x—l )a On (U4x)}

n(mz— 1)}

+ min {an(mm) ’ 1 <2z <
Hence, the magic value is the same in both cases.

Magicness of Legs

To verify that Legs of Human chain graph satisfies the Bi-magic Semi-labeling condition we
prove that the magic value is same for odd and even cases of vertex index and edge index.

Magic value for Membership Function:

When : is even:

M’rn(P) = Um(wmi—Z) + /f’f’m(wmi—Z; wmi—l) + UTTL(wmi—l)
= min {0 (Wame ), Om(Wame—1)} — 222, 1<i<n
+ [3nm — 16|z + [4(m + 2z))z

= min {0 (Wama ), Om(Wame—1)} + [3mn + 4m — 10z]z
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When : is odd:

M, (P) = 0 (Wimi—2) + fim (Wimi—2, Wimi—1) + Om (Wmi—1)
= min{om (Wamz), Om(Wemz—1)} — Rz —1)z; 1<i<n
+ [3nm — 16z + 8|z + [4(m + 2z — 1)]z
= min {0, (Wamz), Om (W2mz—1)} + [3mn + 4m — 10z]2

Magic value for Non-Membership Function:
When i is even:

Mm(P> = Crn<wmz'—2) + ,un(wmi—Za wnzi—l) + Un(w7rLi—l>
= min {0, (Wamz), On(Womz—1)} —222; 1<i<n

+ [4(m +22) 4+ 3]z + [nm(2 — 22) + 1]z

= min {0y, (W2mz), On(Wamz—1)} + [2nm — 2mnz + 10z + 4m + 3]z

When i is odd:
Mm(P) = U7L(wmi—2) + Un(wmi—Za wmi—l) + O'n(wmi—l)

= min {o,(Wamz), On(Womz—1)} — Rz +1)2z; 1<i<n
+[@4(m+2x+1)+3lz+ nm(2—-22—-1)+ 1]z

= min {0 (Wamz), On(Wamz—1)} + [2nm — 2mnz + 10z + 4m + 3]z

Hence, the magic value is the same in both cases.

Magicness of Trunk

To verify that Trunk of Human chain graph satisfies the Bi-magic Semi-labeling condition we
prove that the magic value is same for odd and even cases of vertex index and edge index.

Magic value for Membership Function:
When i is even:

M (P) = 0m(Wmi—2) + i (Wini—2, U2i) + o (2;)
= min{op (Wamz ), Om(Wamz—1)} + 22)z; 1<i<n
+ o (Wimi—2) + om (uz;) + [nm +2m — 12z]z
+ min {0y, (Wamz—2), Om (Uaz—1); T (Udzt1), Om (Vaz—1), o (vaz) } — 32;
= min {op (Wame ), Om(Wamz—1)} + Tm(Wmi—2) + om(u2i)
+ [nm +2m — 10z — 3]z
+ min {oy, (Wamz—2), Tm (Uaz—1); O (Uazt1), Om (Vaz—1), O (vaz) } — 32;

When : is odd:

M, (P) = om(Wmi—2) + fim (Wimi—2, u2;) + om (u2:)
= min{om (Wamz), Om(Womz—1)} + 22)z; 1<i<n
+ o (Wimi—2) + om(uz;) + [nm +2m — 122 — 6]z
+ min {0y, (Wame—2), Tm (Uaz—1), Om (Uaat1)s Om (Vag—1), Om (Vaz) } — 325
= min {om (Wamz ), Om(Wamz—1)} + Tm(Wmi—2) + om(u2i)
+ [nm +2m — 10z — 3]z

+ min {Um(’LUme—Z)a Om (u4a:—l )7 Om (u4a:+] )7 U’m(v4w—l )7 Om (U4w)} - 327

1<2x<n
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Define graph structure

]

Define membership and
non-membership

for vertices and edges

Verfiy Magicness of Head

Not statisfied

; Statisfied

Verify Magicness of hands
Not statisfied

JSta‘tisﬁed

orify Magicness of trunk .
Verify Magicness of trun Not statisfied

lSmtisﬁed

Verify Magicness of Legs
Not statisfied

Statisfied

Intuitionistic Fuzzy . )
Bimagic Semi-labeling Magicness Failed
Statisfied

Statisfied

Figure 1. Verification of Intuitionistic Fuzzy Bimagic Semi-labeling of HC), »,

Magic value for Non-Membership Function:
When : is even:
Mn(P) = O'n(wmifz) + /J/n(wmi727 uli) + Un(UZi)
= min {o,(Wamz), On(Wamz—1)} + 22)2 + 0p(Wimi—2) + on(uz;) + [nm + 2m — 12z2]2
+ min {Uvz(w2mx—2)7 Un(u4x—l)7 Un(u4x+l)a 0'71,(174:8—1)7 0'”(1)41)} -3z, 1<2zx<n
= min {0, (Wamz), On(Wamz—1)} + On(Wmi—2) + on(uz;) + [nm + 2m — 10z — 3]z
+ min {Un(w2m1—2)7 gn(u4z—l)a Un(u4z+l)a o—n(v4z—l)a Jn(vélr)} - 32, 1 S 2z S n
When : is odd:
Mp(P) = 0n(Wmi—2) + pn(Wmi—2,u2i) + on(u2;)
= min {O—n(w2mm)7o—n(w2m171)} + (ZLC)Z, 1<i<n
+ 0 (Wimi—2) + on(uz;) + [nm +2m — 122 — 6]z
+ min {Un(memfl)a O'n(’u/41,1), Un(u4w+l)a o-n(v4w71)7 Un(v4w)} - 32, 1 < 2z <n
= min {0, (Wamz)s On(Wamz—1)} + On(Wmi—2) + on(u2i) + [nm + 2m — 10z — 3]z

-+ min {Uvz(w2mx—2 70n(u4x—1)70n(u4x+1)a 0'71,(174x—1)7a'n<v4w)} -3z, 1<2zx<n

Hence, the magic value is the same in both cases.

Therefore, the Human chain graph admits Intuitionistic fuzzy bi-magic semi-labeling.
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Figure 2. Intuitionistic Fuzzy Human Chain Graph
Here, the intuitionistic fuzzy magic number of the head and hands is (0.27, 0.36), and for the
trunk and legs, it is (0.40, 0.48). Hence, HC/, 3) is an intuitionistic fuzzy bi-magic graph.

3 Intuitionistic fuzzy Bi-magic semi-labeling for Circular Human Chain
Graph

Definition 3.1. A circular human chain graph CHC/,, ,,)(p, ¢) is obtained by joining a Y-tree
Y(m+1) (Where m > 3) and a cycle of length m (denoted C',). For 1 < i < n, each uy; (where
1 < i < n) belongs to a circle formed by the vertices uy, uy, ..., uy,, u;, withn > 3.

Theorem 3.2. For n > 3 and m > 3, every Circular Human Chain Graph admits Intuition-
istic Fuzzy Bimagic Semi-Labeling.

Proof. The circular human chain graph is obtained by merging vertices u; and uy,; in the
human chain graph. Hence, the Intuitionistic fuzzy semi-labeling for the remaining vertices and
edges remains the same, and so the proof is obvious from the above theorem. O

4 Intuitionistic fuzzy Bi-magic semi-labeling for Strong Human chain graph

Definition 4.1. The strong human chain graph SHC,, ,,,,n > 1 and m > 3 is obtained from
Human chain network by merging the vertex w,,; and wy,(;+1)—1;1 <4 < n — 1 with common
vertices in Y-tree. .

Theorem 4.2. For n > 2 and m > 3, every strong human chain graph admits an Intuition-
istic Fuzzy Bi-magic semi-labeling.

Proof. Strong human chain graph is obtained by merging the vertex w,,; and w,, ;4 1) in human
chain graph. So, we redefine the labeling for legs alone, Intuitionistic fuzzy semi-labeling for
remaining vertices and edges will be the same as mentioned in human chain graph.

Let’s define z in the interval (0,1] such that

_J01 ifn <2,
~ 1001 ifn>2
Bi-magic Semi-labeling for membership function of vertices in SHC/,, ,,):

om(wai_1) = [dm +2i]z; 1 <i<m,
om(wy) =[4m+2i+1]; 1<i<m,
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Bi-magic Semi-labeling for non-membership function of vertices in SHC(,, ,,,:

on(wa_1)=Pm+2i+1]z; 1<i<m,
on(wy) =[5m+2i+2]; 1<i<n,

Bi-magic Semi-labeling for membership function of edges in SHC|,, ,,):

pn (W21, w2;) = [2m — 4i + 4]z,

fom (W2ig1, wa;) = [nm — 3i + 1]z
Bi-magic Semi-labeling for non-membership function of edges in SHC;, ,,,:

fin (W2i—1,w2;) = [4m — 4i]z,

fin (W2i—1,w2;) = [3m —4i + 1]z
Magicness of legs
To verify that Legs of Strong Human chain graph satisfies the Bi-magic Semi-labeling condition
we prove that the magic value is same for odd and even cases of vertex index and edge index.

Magic value for the membership function:
When i is even:

Mm(P) = Um(w4r—l> + Nm(w4z—law4r) + 0m<w4z)

= [4m + 4zx]z + [4m + 4z + 1]z + 2m — 8z + 4]
= [10m + 3]=.

When : is odd:

My (P) = 0m(wiag) + pm (Wae, Waz+1) + Om (Wagt1)
=[@dm+4r+2z+[dm+4x+2+1]z+ 2m — 8z — 4 + 4]
= [10m + 5]=.

Magic value for the non-membership function:
When i is even:

Mn(P) = o'n(wélmfl) + Nn(w4mfla w4m) + Jn(w4m)
= [5m +4x + 1)z + [4m — 8z]|z + [5m + 4z + 2]z
= [14m + 3]z.

When : is odd:

Mn(P) = Un(w4a:+1) + ﬂn(w4z+l7w4w) + Un(w4x)
=[5m+4x+2+1]z+ [4m —8x — 4]z + [Sm +4x + 2+ 2]z
= [14m + 3]z.

Hence, the magic value is the same in both cases.
O

The intuitionistic fuzzy bi-magic labeling approach is adaptable to many types of human
chain graphs and does not require any adjustments. Merging vertices w,,; and w,,(;;1)—; in the
strong human chain network did not affect the labeling approach’s attributes.Bi-magic labeling
maintained its integrity when shifting from linear to circular chain structures, proving its versa-
tility across structural changes. All human chain graphs studied (standard, circular, and strong)
met the intuitionistic fuzzy bi-magic labeling characteristics. Unique and consistent member-
ship and non-membership values were assigned to each vertex v; and edge e;; using a bi-jective
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Figure 3. Strong Human Chain Graph SHC5 4

approach.The bi-magic values were stable across different types of human chain graphs. The
bi-magic labeling method’s consistency across graph types demonstrates its durability and abil-
ity to preserve label integrity in many setups. The streamlined computation of magic values
for membership and non-membership functions simplifies the labeling procedure. The function
computations for head, hands, legs, and trunk segments are stable and need minimum recalcula-
tions as graph size grows, demonstrating efficient scaling.

5 Applications of Intuitionistic Fuzzy Bi-magic Semi-labeling in Healthcare
Systems

To handle complex interactions between entities in modern healthcare, effective and dynamic

decision-making and resource management systems are required.The Intuitionistic Fuzzy Bi-
magic Semi-labeling Approach for the Human Chain Graph HC(, 3) offers a framework for
correctly defining interactions.The framework efficiently balances membership (trust in inter-
actions) with non-membership (ambiguity), making it suitable for circumstances involving un-
certainty and various levels of engagement.This section applies Theorem 2.5 in healthcare to
enhance patient care, staff allocation, and resource management.

5.1 Patient Care Optimization

In a hospital, patients go through several phases of therapy, which include several procedures
and encounters with clinical human resources. In the Human Chain Graph, the path vertices
uy, up, U3, Ug, Us represent patients at various phases, whereas the cycle vertices vy, vy, v3, v4 rep-
resent medical resources (e.g., equipment, pharmaceuticals) (referring to Figure 2 ).The Y-tree
vertices wp, ws, ..., we indicate healthcare workers (e.g., physicians, nurses).

For a patient represented by vertex u, undergoing a surgical procedure, the participation of a sur-
geon (w;) and a helping nurse (w3) is portrayed using membership and non-membership values.
The model minimizes procedure delays by guaranteeing that o, (w1 )~ pim (w1, w3) +opm (w3) =
0.27 and o, (wy) + pn (w1, w3) + op(w3) = 0.36.

 Consistency in Treatment: :Labeling clinical staff (head and hands) with equal magic
numbers (0.27,0.36) gives consistency and balance in patient treatment.

* Reduced Treatment Delays: The model’s balance of membership and non-membership
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amounts identifies disparities and delays in the treatment process, allowing for timely real-
location of people and resources.

5.2 Staff Allocation and Workload Balancing:

Efficient healthcare personnel allocation is crucial for ensuring high-quality patient care, par-
ticularly in big institutions with several departments. The Human Chain Graph’s Y-tree model
portrays staff as vertices, with edges representing interactions with patients and resources. The
theorem assures that all edges meet the bi-magic labeling criteria. Consider the following situa-
tion where two nurses (w; and ws) provide assistance in different departments.

Consider a scenario where two nurses(w, and ws) assist in different departments.

The equation o, (w;) + pm (w1, w3) + om(ws) = 0.27 provides equal participation in patient
care activities, whereas o, (w;) + pn (w1, w3) + o, (w3) = 0.36, incorporates for uncertainties
like shift changes and emergencies. This allows them to efficiently balance their duties.

« Workload Balance: This strategy maintains consistent magic numbers for clinical staff
encounters, reducing tiredness and improving overall performance.

- Dynamic Reallocation: In case of unexpected changes (e.g., a sudden increase in patient
admissions), the intuitionistic fuzzy labeling allows for real-time adjustments in staff as-
signments based on updated non-membership and membership values.

5.3 Resource Allocation and Utilization:

Effective use of medical resources (such as surgical equipment, ICU beds, and medications) is
critical in hospital management. resources are represented by the Human Chain Graph’s cycle.
Theorem’s bi-magic labeling optimizes resource allocation for patients.

In a surgical operation including an ICU bed (vertex v;) and a ventilator (vertex vs), the total
Tm (V1) + pm (v1,v3) + o (v3) = 0.40 and o, (v1) + pn (v1,v3) + o (v3) = 0.48 accommodate
for uncertainties such equipment failure or increasing demand. .

- Optimal Utilization: The model maintains magic numbers (0.40,0.48) for resources (trunk
and legs) to prevent misuse or under-use of medical equipment.

» Reduction of Wastage: Balanced labeling reduces waste by recognizing resource alloca-
tion inconsistencies.

5.4 Real-time Monitoring and Dynamic Adjustment

Hospital procedures require regular evaluations and improvements in order to meet changing
situations, such as patient crises or personnel shortages. The Intuitionistic Fuzzy Bi-magic Semi-
labeling model enables real-time decision-making by adjusting membership and non-membership
values based on current hospital state. If an ICU bed (vertex v;) is unavailable since it requires
maintenance, the non-membership value o,,,v; is raised to account for the uncertainty. This mod-
ification re-evaluates the edges connected to v, letting the hospital system to provide alternative
resources without affecting patient care quality.

 Proactive Decision-making: This approach lets administrators in hospitals identify possi-
ble difficulties earlier in order to make intelligent choices.

- Adaptive Resource Management: Bi-magic labeling permits flexible modifications to
patient care and resource allocation, without affecting hospital procedures.

Intuitionistic Fuzzy Bi-magic Semi-labeling (Theorem 2.5) offers a flexible framework for
optimizing operations in complex systems, including healthcare. This strategy improves patient
outcomes by modeling uncertainty and balancing interactions between patients, healthcare per-
sonnel, and resources. It is particularly useful in dynamic and unpredictable contexts, such as
hospitals, where accuracy and agility are essential for success.

The Human Chain Graph (HCm,n) structure, which represents healthcare operations intuitively,
utilizes intuitionistic fuzzy labeling. This combination optimizes resource allocation and patient
flow, opening the path for sophisticated decision-support systems in healthcare management.
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Figure 4. Applications of Intuitionistic Fuzzy Bimagic Semi-labeling in Healthcare

Theorem 2.5 provides a balanced approach to managing trust outside of healthcare settings.
These examples demonstrate the adaptability and efficacy of intuitionistic fuzzy magic tagging
in addressing complicated issues across several areas. This strategy optimizes resources, trust,
and relationships in dynamic and complex situations by handling uncertainty and ensuring bal-
anced distributions. The method improves efficiency, stability, and reliability in areas such as
cloud resource optimization, healthcare system management, and blockchain network security.

Conclusion

This research uses intuitionistic fuzzy semi-labeling to investigate the unique characteristics
of circular, human, and strong human chain graphs. We developed intuitive fuzzy magic la-
beling, which extends existing graph labeling approaches by including membership and non-
membership degrees to better depict uncertainty. This labeling technique effectively addresses
complex real-world difficulties by offering an architecture for decision-making that balances
multiple variables and controls uncertainty in dynamic situations, as demonstrated by the exam-
ples mentioned. Our findings indicate that it has the potential to optimize processes in several
domains, including communication networks, energy management, cloud computing, healthcare,
environmental monitoring, cryptography, marketing, and social systems.

Future Work

Our aim is to reduce the computational cost of the intuitionistic fuzzy bi-magic labeling ap-
proach, particularly as network sizes increase. Our focus will be on optimizing algorithms and
heuristics to improve model scalability for bigger networks. We plan to extend the model’s appli-
cation to additional graph architectures, including bipartite and tree-based networks, to widen its
utility across disciplines. We want to enhance the model’s flexibility to dynamic contexts, such
as load balancing in smart grids or controlling variable risks in blockchain networks, by using
adaptive or dynamic membership functions instead of fixed values. These additions improve the
model’s scalability, versatility, and resilience, making it suited for more real-world applications.

References

[1] K Anitha , J Komathi, Study of Fuzzy Magic Graphs on Intuitionistic Space, International Journal of
Recent Technology and Engineering, ISSN: 2277-3878, T Issue-5, 273-278 , (2019).



INTUITIONISTIC FUZZY SEMI-MAGIC LABELING 745

[2] K Ameenal Bibi and M Devi, Fuzzy Bi-Magic labeling on Cycle Graph and Star Graph, Global Journal
of Pure and Applied Mathematics. ISSN 0973-1768 13(6),1975-1985,(2017)

[3] K Anitha ,B Selvam , Human chain graph, International journal of Engineering, Science and Mathemat-
ics,7,(2018).

[4] K. T.Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20, (1986).

[5] K. T. Atanassov , Shannon A. On a generalization of intuitionistic fuzzy graphs, Notes on Intuitionistic
Fuzzy Sets, 12(1), 24-29,(2006).

[6] A NagoorGani, D Rajalaxmi, Properties of fuzzy labeling graph, Applied Mathematical Sciences, 6(69-
72), ,3461-3466, (2012).

[7] A.NagoorGani, M.Akram, Novel properties of fuzzy labeling graphs, Journal of Mathematics (2014).

[8] J Komathi ,K Anitha ,D Meiyappan , Bimagic Labeling on families of graph in Fuzzy Intuitionistic Space,
Test Engineering and Management ,ISSN: 0193-4120, (2020).

[9] G Rajni Ram ,S Hemalatha ,K Anitha , D-Lucky Edge Labeling of Strong and Weak Human Chain
Networks, Journal of Physics: Conference Series, (2021)

[10] A Shannon ,K.T. Atanassov , A First step to a theory of the intuitionistic fuzzy graphs, Proceeding of
Fubest (D. Lakov, Ed.), 59-61, (1994) https://doi.org/10.1155/2014/375135

[11] G Rajni Ram ,S Hemalatha , K Anitha. D-lucky Edge Labeling of Human Chain and Circular
Human Chain Networks, International Conference on Communication, Computing and Internet of
Things,IEEE, 1-4, (2022), DOI: 10.1109/IC310T53935.2022.9767860

[12] R. ArunaDevi, K. Anitha, Construction of Rough Graph through Rough Membership Function, Mathe-
matics and Statistics, 10(6), 1344 - 1353,(2022). DOI: 10.13189/ms.2022.100622.

[13] A Xu, MW Tian, N Kausar, A Mohammadzadeh, D Pamucar, E Ozbilge, Optimal type-3 fuzzy control and
analysis of complicated financial systems, Journal of Intelligent and Fuzzy Systems, 44(5), 7121-7134.

[14] K. K. Yoong, R. Hasni, G. C. Lau, R. U. Gobithaasan, M. K. Siddiqui. Edge irregular reflexive labeling
for corona product of path and star, Palestine Journal of Mathematics, 13(1),55-65,(2024), .

[15] A. Khalid, N. Kausar, M. Muni, M. Gulistan, M. Al-Shamiri, T. Lamoudan. Topological In-
dices of Families of Bistar and Corona Product of Graphs, Journal of Mathematics (2022). DOI:
10.1155/2022/3567824.

[16] G.Vanaja, K.Ganesan, L.Rathour, Solving fuzzy nonlinear programming problems with exterior penalty
fuzzy valued functions, Advanced Mathematical Models and Applications, 9(1), 130-146 (2024).DOI:
10.62476/amma9130

[17] G Mani, AJ Gnanaprakasam, N Kausar, M Munir Orthogonal F-contraction mapping on O-complete
metric space with applications, International Journal of Fuzzy Logic and Intelligent Systems, 21(3),243-
250,(2021).DOI:10.5391/1JFIS.2021.21.3.243

[18] Umesh Kumari, D. C. Sharma, Fuzzy Analysis of a Retrial Machine Repair Problem using Gaussian
Fuzzy Number, Palestine Journal of Mathematics, 13(3), 722-737,(2024)

[19] Sumbal Khalil, Sajida Kousar, Nasreen Kausar, Bipolar Interval-Valued Neutrosophic Optimiza-
tion Model of Integrated Healthcare System, Computers, Materials and Continua Tech Science Press
(2022).DOI: 10.32604/cmc.2022.030547.

[20] M. Fathalian R.A.Borzooei M.Hamidi, Fuzzy magic labeling of simple graphs,Journal of Applied Mathe-
matics and Computing, 60, 369-385 (2019) DOI: 10.1007/s12190-018-01218-x

[21] Sajida Kousar, Aleena Ansar, Nasreen Kausar, Gul Freen, Multi-Criteria Decision Making for Smog Mit-
igation: A Comprehensive Analysis of Health, Economic, and Ecological Impacts, Spectrum of Decision
Making and Applications (2024). DOI: 10.31181/sdmap2120258.

[22] Shanmugapriya, R., Hemalatha, P.K., Application of Fuzzy Vertex Magic Graph, Advances in Intelligent
Systems and Computing, 1292, Springer, Singapore, 2021. DOI: 10.1007/978-981-33-4389-4_53.

[23] Ajay, D., J. Joseline Charisma, and P. Chellamani. Fuzzy Magic and Bi-magic Labelling of Intuitionistic
Path Graph, International Journal of Recent Technology and Engineering 8(4) (2019): 11508-11512.DOI:
10.35940/ijrte.D4302.118419

[24] Y Liu, S Zhong, N Kausar, C Zhang, A Mohammadzadeh, D Pamucar. A Stable Fuzzy-Based Com-
putational Model and Control for Induction Motors, Computer Modeling in Engineering and Sciences,
138(1),(2023) DOI: 10.32604/cmes.2023.028175

[25] Sumathi, P, Monigeetha, C., Fuzzy Tri-Magic Labeling of Non-isomorphic Caterpillar of Diameter 5,
Advances in Intelligent Systems and Computing, Springer, Singapore, 1292, 2021. DOI: 10.1007/978-
981-33-4389-4_27.

[26] Asra Riaz, Sajida Kousar, Nasreen Kausar, Dragan Pamucar. Codes over Lattice-Valued Intuition-
istic Fuzzy Set Type-3 with Application to the Complex DNA Analysis, Complexity (2022).DOI:
10.1155/2022/5288187


https://doi.org/10.1007/978-981-33-4389-4_53
https://doi.org/10.1007/978-981-33-4389-4_27
https://doi.org/10.1007/978-981-33-4389-4_27

746 J. Komathi, D.Meiyappan and K.Anitha

[27] Gallian, J. A. A dynamic survey of graph labeling, The Electronic Journal of Combinatorics, 17,(2014),
60-62.DOI: 10.37236/11668

[28] G Mani, AJ Gnanaprakasam, N Kausar, M Munir, S Khan, E Ozbilge, Solving an integral equation via in-
tuitionistic fuzzy bipolar metric spaces, Decision Making: Applications in Management and Engineering,
6(2), 536-556.(2023).DOI: 10.31181/dmame622023624

[29] M.Akram and R.Parvathi,Properties of intuitionistic fuzzy line graphs, Notes on Intuitionistic Fuzzy Sets,
18(3) (2012) 52-60.

[30] Sanaa Anjum, Sajida Kousar, Nasreen Kausar, Nezir Aydin, Oludolapo Akanni Olanrewaju, Digitiz-
ing DNA Sequences Using Multiset-Based Nucleotide Frequencies for Machine Learning-Based Mu-
tation Detection Journal Decision Making: Applications in Management and Engineering (2024). DOI:
10.31181/dmame7220241213.

[31] S Kousar, S Shaheen, N Kausar, D Pamucar, V Simic, MA Salman. On the Construction of Congru-
ences over Generalized Fuzzy G-Acts, International Journal of Computational Intelligence Systems,
17(1),(2024).DOI: 10.1007/544196-024-00645

[32] Kishore Kumar, P. K., Lavanya, S., Rashmanlou, H., Jouybari, M. N. (2017).Magic labeling on interval-
valued intuitionistic fuzzy graphs, Journal of Intelligent and Fuzzy Systems,33(6), 3999-4006..DOI:
10.3233/JIFS-17847

[33] Anitha, K., Datta, D. Type-2 Fuzzy Set Approach to Image Analysis, Recent Trends on Type-2 Fuzzy
Logic Systems. Springer, Cham,(2023)DOI:10.1007/978-3-031-26332-312.

[34] S Kousar, Nasreen Kausar, Dragan Pamucar, Analysis of Algebraic Codes over Lattice Val-
ued Intuitionistic Fuzzy Type-3 R-Submodules, Computational Intelligence and Neuroscience
(2022),DOI:10.1155/2022/8148284

[35] Ba Jagadeesha , K. B. Srinivas, K. S. Prasadb, The C-prime Fuzzy Graph of a Nearring with respect to
a Level Ideal, Palestine Journal of Mathematics, 13, (Special Issue III), 230-242,(2024). ISN 2219 5688

[36] M Shams, N Kausar, P Agarwal, S Jain, Fuzzy fractional Caputo-type numerical scheme for solving
fuzzy nonlinear equations, Fractional Differential Equations, 167-175,(2024). DOI: 10.1016/B978-0-44-
315423-2.00016-3

[37] Jamil, R.N., Javaid, M., Rehman, On the construction of fuzzy magic graphs,Science International, 28(3),
(2016) 2309

[38] K Kalaiarasi, L Mahalakshmi, N Kausar, ABMS Islam, Conormal Product for Intuitionis-
tic Anti-Fuzzy Graphs, International Journal of Fuzzy Logic and Intelligent Systems 23(1), 79-
90,DOI:10.5391/1JF1S.2023.23.1.79

[39] S. Sudha, M. Lathamaheswari, S. Broumi,F.Smarandache,Neutrosophic Fuzzy Magic Labeling Graph
with its Application in Academic Performance of the Students, Neutrosophic Sets and Systems 60(1)
(2023): 8.

[40] Murugan Palanikumar, Nasreen Kausar, Harish Garg, Medical robotic engineering selec-
tion based on square root neutrosophic normal interval-valued sets, AIMS Mathematics (2023),
DOI:10.3934/math.2023889

[41] Paulraj Jayasimman, and Vignesh, Devi Murugesan, Results on Intuitionistic Fuzzy Labeling Graphs,
Journal of Survey in Fisheries Sciences 10(4S) (2023): 1866-1873,DOI:10.17762/sfs.v10i4S.1411

[42] Murugan Palanikumar, Nasreen Kausar, Dragan Pamucar, Complex Pythagorean normal interval-
valued fuzzy aggregation operators, International Journal of Computational Intelligence Systems (2024),
DOI:10.1007/544196-024-00504-w

[43] Mehra, Seema, and Manjeet Singh.Some results on intuitionistic fuzzy magic labeling graphs. Aryabhatta
Journal of Mathematics and Informatics 9(1), (2017): 931-938.ISSN: 2394-9309 (E) / 0975-7139 (P)

[44] M Munir, U. S. K. Panni, N Kausar, R Anjum, Sensitivity analysis of solute kinetics in a four compart-
mental model for hemodialysis patients, Kuwait Journal of Science (2021).DOI: 10.48129/kjs.v48i3.9085

[45] D.Ajay, and P. Chellamani,Fuzzy magic labelling of Neutrosophic path and star graph, Infinite Study,
(2020).

[46] K.Anitha, , and B. Selvam. Magic labling on human chain graph, International Journal of Engineering,
Science and Mathematics T(11) (2018): 38-48.

[47] PA Ejegwa, IC Onyeke, N Kausar, P Kattel, A new partial correlation coefficient technique based
on intuitionistic fuzzy information, International Journal of Intelligent Systems 2023 (1), (2023).
DOI:10.1155/2023/5540085

[48] P. A.Shanthi, and K. Anitha.M-eternal total domination for human chain graphs, American Institute of
Physics Conference Series.2516(1), (2022).

[49] P. K. Sharma, Hem Lata, Nitin Bharadwaj, On Intuitionistic Fuzzy f-Primary Ideals Of Commutative
Rings, Palestine Journal of Mathematics 13 (Special Issue III), 82-91,(2024)



INTUITIONISTIC FUZZY SEMI-MAGIC LABELING 747

[50] M Shams, N Kausar, K Alayyash, MM Al-Shamiri, N Arif, Semi-analytical scheme for solv-
ing intuitionistic fuzzy system of differential equations, [EEE Access 11, 33205-33223,(2023)
DOI:10.1109/access.2023.3241482

[51] G.Devi, K. Anitha.Some topological indices on human chain graph, American Institute of Physics Con-
ference Series, 2282(1) (2020).

[52] ZJ Al-Araji, SSS Ahmad, N Kausar, A Farhani, Fuzzy theory in fog computing: review, taxonomy, and
open issues,/IEEE Access 10, 126931-126956,(2022).DOI: 10.1109/access.2022.3225462

[53] J.Kavitha, and K. Anitha. Total and Strong Edge Colorings on Human Chain Network. Journal of Physics:
Conference Series. 1724(1) IOP Publishing, (2021).

[54] M Gulzar, D Alghazzawi, MH Mateen, N Kausar, A Certain Class of t-Intuitionistic Fuzzy Subgroups,
IEEE Access 8, 163260-163268 (2020).DOI:10.1109/ACCESS.2020.3020366

[55] K.Anitha, A Study On Graph Colorings And Labelings Of Human Chain Graphs, Thesis,(2020)

[56] K. Kalaiarasi, P. Sudha, N. Kausar, S. Kousar, D. Pamucar, The Characterization of Substructures of
c-Anti Fuzzy Subgroups, Discrete Dynamics (2022), DOI:10.1155/2022/1252885

[57] M.Meiyanathan, K. Anitha.Domination, Edge Domination and Roman Domination in Human Chain
Graph Journal of Physics: Conference Series,(1724(1),I0P Publishing, (2021).

[58] M Munir, N Kausar, Salahuddin, R Anjum, Hypergroupoids as Tools for Studying Blood Group Genetics,
Journal of Fuzzy Logic and Intelligent Systems 21 (2), 135-144,(2021).DOI: 10.5391/1JF1S.2021.21.2.135

[59] A.Nagoorgani,J. Kavikumar, V. N.Mohamed,A. N.Shamsidah, A labeling algorithm for solving intuition-
istic fuzzy optimal assignment problems.(2016) IEEE International Conference on Fuzzy Systems (FUZZ-
IEEE) ,1621-1627. IEEE.

[60] Paul Augustine Ejegwa, Nasreen Kausar, John Abah Agba, Determination of medical emergency via new
intuitionistic fuzzy correlation measures, AIMS Mathematics (2024), DOI:10.3934/math.2024755

[61] Ngan, Roan Thi, Mumtaz Ali, Hamido Fujita, Mohamed Abdel-Basset, Nguyen Long Giang, Gu-
nasekaran Manogaran, and M. K. Priyan. A new representation of intuitionistic fuzzy systems and
their applications in critical decision making, [EEE Intelligent Systems 35(1), (2019): 6-17.DOI:
10.1109/M1S.2019.2938441

[62] M Shams, N Kausar, P Agarwal, Triangular intuitionistic fuzzy linear system of equa-
tions with applications, Applied Mathematics in Science and Engineering 32 (1), (2024) DOI:
10.1080/27690911.2023.2299385

[63] D.Ajay,S. Karthiga, P. Chellamani.A study on labelling of pythagorean neutrosophic fuzzy graphs Journal
of Computational Mathematica 5(1), (2021): 105-116.DOI:10.26524/cm97

[64] PA Ejegwa, AM Terna, N Kausar, CO Nwokoro, N Aydin, New Fermatean Fuzzy Distance Metric, MDPI,
12(20), (2024). DOI: 10.3390/math12203214

[65] Davvaz, Bijan, Naeem Jan, Tahir Mahmood, and Kifayat Ullah. Intuitionistic fuzzy graphs of n th type
with applications, Journal of Intelligent and Fuzzy Systems 36(4) (2019): 3923-3932.

[66] Nasreen Kausar, M. Munir, Sajida Kousar, M. Gulistan, K. Anitha , Characterization of Non-
Associative Ordered Semigroups, Fuzzy Information and Engineering, 12(4), 490-508,(2020)DOI:
10.1080/16168658.2021.1924513

[67] Yaqoob, Naveed, Muhammad Gulistan, Seifedine Kadry, and Hafiz Abdul Wahab.Complex intuitionistic
fuzzy graphs with application in cellular network provider companies, Mathematics 7(1), (2019): 35.DOI:
10.3390/math7010035

[68] Yogeesh, N., and Dr PK Chenniappan. “Study on intuitionistic fuzzy graphs and its applications in the
field of real world.” International Journal of Advanced Research in Engineering and Applied Sciences
2(1) (2013): 104-114.

[69] Shao, Zehui, Saeed Kosari, Hossein Rashmanlou, and Muhammad Shoaib.New concepts in intuition-
istic fuzzy graph with application in water supplier systems, Mathematics 8(8), (2020): 1241.DOI:
10.3390/math8081241

[70] Sahoo, Sankar, and Madhumangal Pal, Intuitionistic fuzzy competition graphs,Journal of Applied Math-
ematics and Computing 52 (2016): 37-57,DOI: 10.1007/s12190-015-0928-0

[71] Kaviyarasu, Murugan, Mohammed Algahtani, Murugesan Rajeshwari, and Gopikumar Sudalaimuthu.
“Complex t-Intuitionistic Fuzzy Graph with Applications of Rubber Industrial Water Wastes.” Mathemat-
ics 12, no. 13 (2024): 1950.DOI: 10.3390/math12131950



748 J. Komathi, D.Meiyappan and K.Anitha

Author information

J. Komathi, Department of Mathematics, Sri Sairam Engineering college, India.
E-mail: komatht.math@sairam. edu. in

D.Meiyappan, Department of Mathematics, Sri Venkateswara College of Engineering, India.
E-mail: mei@svce.ac.in

K.Anitha, Department of Mathematics, Amirtha school of engineering, Amirta Vishwa Vidyapeetham,Chennai.,
India.

E-mail: k_anitha@ch.amirta.edu

Received: 2024-10-10
Adccepted: 2024-12-15



	1 Introduction
	2 Intuitionistic fuzzy Bi-magic semi-labeling
	3 Intuitionistic fuzzy Bi-magic semi-labeling for Circular Human Chain Graph
	4 Intuitionistic fuzzy Bi-magic semi-labeling for Strong Human chain graph
	5 Applications of Intuitionistic Fuzzy Bi-magic Semi-labeling in Healthcare Systems
	5.1 Patient Care Optimization
	5.2 Staff Allocation and Workload Balancing:
	5.3 Resource Allocation and Utilization:
	5.4 Real-time Monitoring and Dynamic Adjustment


