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Abstract - Fuzzy signed graphs have garnered significant attention in various fields such as social network analysis, decision-
making processes, and system modelling due to their ability to represent complex relationships that involve both uncertainty
and sign (positive or negative). This paper explores the operations on fuzzy signed graphs, focusing on the structural
properties and mathematical foundations that underlie their manipulation. We propose novel operations, including union,
intersection, Join within the context of fuzzy signed graphs, and provide detailed algorithms for each operation.
Additionally, we analyze the impact of these operations on key graph-theoretic parameters such as connectivity, reachability,
and the stability of the graph. Furthermore, we explore how these operations can be applied to real-world problems, such
as modeling social influence, predicting interactions, and evaluating consensus in uncertain environments. The study
highlights the flexibility of fuzzy signed graphs in capturing nuanced relationships and contributes to the development of
more robust frameworks for handling uncertain and signed data in network-based analysis.

Keywords - Fuzzy signed graph, FSG union, FSG intersection, FSG join.

1.BASIC DEFINITIONS
1.1 Fuzzy Graph

Let G(V,E, ) be afuzzy graph corresponding to the Crisp graph G* is a non-empty set
V together with the pair of Functions p: — [0,1] and E:vxv - [0,1] such that
forall u,v €V, E(u,v) < min[u(u), n(v)].

1.2. Degree of vertex

The degree of a vertex v of the FG G is defined as deg;(v) =
Duzv E (W, ).

1.3. Signed graph:

Let Y.(v, E, o) be a signed graph is a graph in which each edge has a positive (or)
negative sign

1.4. Degree of signed graph

The difference between the positive degree and negative at a vertax is denoted by
sdeg(v) = d*(v) —d~(v).

1.5 Fuzzy signed graph
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Let p be the SG it has ordered triple (v, §, w) where v is the set of all vertices V and §
is the set of all positive and negative edges and p is the membership values of vertices and
edges and also satisfying the condition u(6%) = p(w) v u(v), pu(67) = ulw) A u(v).

1.6. Degree of fuzzy signed graph:

Let u be the fuzzy signed graph the degree of vertex u is sum of the membership values
of positive edges incident on u subtract sum of the membership value of negative edges
incident on wu.

2. Operations and Properties of Fuzzy Signed Graph
2.1 Union:

Let I;(Vy, 65, 1) and T, (V,, 85, uy) are two fuzzy signed graph. Then the union of
fuzzy signed graph is denoted by
U)W, 6,u) = (T ul)V) = I (V) UL (V)
py () uevl
wl V)W) = po (u) uev,
@ Vp(uw) uevny,
w1 (uv) uv € §;
Uy (uv) uv € 6,

w(ly U ) () =
Uy (uv) vV u, (uv)  uv € §; N 6, (uv — positive)

Uy (uv) A puy(uv) uv € 6; N 6,(uv — negative)

and also must sign of the common edges are same.

0.9*

10.9) (0.4) (0.4) ) (0.2)

Iy I,
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s (0.6)

2.2 Definition

Let Iy (v1,61,11) and I (V2,02,12) be a two fuzzy signed graph then the union of two FSG
is I'= (HUul)=(w,Uv, 8, U, 1 U,).Then the degree of vertex x in v, Uw,is

denoted by degr, r,)(u) is determined by the Common Edge is positive

degror, (W) = ) u(T; U T;)(,v)

= z (1t wv) — py (wv)) + z u3 (uv) — pz (wv)

qu51_82 uv€62_61

+) muw) V@)

UVES 1462

The Common Edge is negative
deg(rury @) = ) u(ly 0 I;)(uv)

- z (i uv) — uy (uwv)) + z u3 (uv) — pz (wv)

uv€61_62 uv€62_61

= ) mQuw) Ap)

UVES1n6>

2.3 Theorem:
Let I, (vq, 61, 1) and I, (v,, 85, 1, )be a two FSG then

The common edge is positive
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degF1UI“2 (w) = degpl (u) + degpz (W) — vt 51062 M1 (W) A pp (uv)
The Common edge is negative
degr,ur,(w) = degr, (w) + degr,(W) + Xyt 51062 1 (UV) V pp (uv)

Proof

The common edge is positive from the definition

degr,ur,(u) = z (uf () — py (u)) + z puz (uv) — pz (uv)

uU€61_62 uUE61_62
+ ) mw) V)
UVES 166,
= Z (uf (uv) — py (uv)) + 2 (13 (uwv) — pz (uv))
uv661_62 uU651_52
+ Z py (uv) + z po (uv)
Uve §1nsd2 UVE §1NH2
= ) mw) A )
UVE 61NsH2

= degr,(u) + degr,(u) — Z iy (uv) A pp (uv)
uve §1nd2

(~- Common edge is positive so negative edge membership value 0)

The common edge is negative.

From the definition

degron@) = D (@) —pi@n)+ D pfuw) - uz )

uv681_62 uv662_61

- z py(uv) A pp(uv)

uU661n62

IJERTV 1515090728
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)

International Journal of Engineering Research & Technology (IJERT)
I SSN: 2278-0181

Vol. 15 Issue 09, September - 2026

Page 4



Published by : International Journal of Engineering Research & Technology (IJERT)
https://lwww.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 09, September - 2026

= Z (uf (wv) — g (uw)) + z pz (uv) — pz (uv)

uU661_62 uU662_61
- Z py (uv) + Z po (uv)
UVvES1INS2 uve §1n62

- z py (uv) V pp (uw)

Uuvedinsd2

= ) (W) - )+ ) pfw) - g )
uvesd,_6, Uved,_84

= ) m) - Y )

UVESH1INS2 UveS1NS2

+ Z py (uv) V p, (uw)

uvedinsd2

= degr, (W) + degr, W = ) 1y (uv) V pp(uv)

UVES1INS2

(~.common edge is negative so positive edge membership value 0)

2.4 Example

v, (0.6) 108 v, (0.8) 5 (0.2)

+0.9 - 04

1, (0.4) +04 v, (0.3)
Vi (09) —04 v, (0.4) L
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vs (0.2)
+0.6 — 0.2
vy (0.6) tos »; (08
+ 0.9 —0.4
vz (0.9) - 0.4 4 (0.4)
rur;
deg(vy) = 2.3
From definition:
degF1 + degpz — Yuve s1ns2 M1 (uv) A pp (uv)
=17+4+10 — 04
=2.3
vs\U.L)
v (0.6) 08 v (0.4)
+(0.6 —
+09 —04 (0.6) 0.2
Y4 (09) -04 v, (04) v, (0.6) —0.4 v, (0.4)
T, L2
vs (0.2)
+0.6 — 0.2
- 0.4 ,
vy (0.6) v (0.4)
+ 0.9 —0.4
vz (0.9) — 0.4 vs (0.4)
I uUr;

degr,ur, (v1) = 1.1
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From definition:

degr, +degr, + ) (m(uw) Vpy(uv)

Uved1INH2

=01+02+0.8
=11

2.5 Intersection of two fuzzy signed graph:
Let I'; (vq, 84, uy) and T, (v,, 65, 1) is fuzzy two signed then the intersection of fuzzy

signed graph is (I, N I) (v, 8, w) is
p (T NnL)W) = py () Apy(u) u€ev; N,

(TN L)) = p(uv) Ap,(uv)  uv €6, N6,

0.6 +08 0.8
v + 0.6 Y2
+ 0.9 - 04
-0.8
V3 - 04 Ty
0.9 0.4
Iy
+ 0. +
0.5 05 0.8 05 0.8 0.8
v
1?1 2 l}l Vs
+0.7 -0.7 -}-ﬂ.? .07
v
0.7 D"?a
I, r{nr,
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2.6 Join of fuzzy signed graph

Let I; (vq, 84, 4y) and T, (v,, 65, 1, )be two fuzzy signed graphs.The join between them
is defined as(T’; + I5,) (v, 6, 1) where one set of vertices, edges are given by

M+ L)W =V, ul,

pa () u€ev
pT+ L)) = o (u) uel,
p@Vu,(w) uevinl,

(Fl + ['2)(51]) = 61 U 62 Uud*
Where & is the set of all edges joining vertices of V,;with vertices of V,such that

Uy (uv) uv € §;
u ([ + L)) = po (uv) uv € &,
p (W) App(u) uv €6°

The sign of the new edges is negative because we have to take the minimum value of
the corresponding vertices

u,(0.2) @ o %(0.3)
+0.3
U1 (03). +04
-0.3
F]_ rz
u,(0.2)
u,(0.3)
+0.3
v, (03) +0.4

-0.3

w; (0.5)
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r+r,
2.7 Degree of a vertex in Join:
Here VNV, = ¢,hence 5, N5, = b
(g U p)uv = py(uv) uv € 6y

= u,(uv) uve€ds,

By definition

degryimpy@ = ) (uUm)@) = D i@ Ap®)

UVESUS, uvesd*

Foranyu € V;

degruomy@ = ) @) = Y i Am®)

UveEs, uvesd*
= D (@) — @) = ) ) Ap)
UVES, uvesd*
= degr, (W) = ) (W) A ()
VeV,

Foranyu €V,

degr,or, (W) = degr,@) = ) (@) A ()

UEVZ

2.8. Theorem

Let T; (vq, 84, uq) and T, (v,, 65, u,) be two fuzzy graphs

Looif py(u) > pp(w) thendp r,(w) =dr, (W) — 0L ifuel;
= dp, (W) — p (W) if u €V,

i if gy (u) = py (W) then dpy 4y (W) = dp, (W) — poy1 (W) if u €V
= dp, (W) — O(}) if u €V,

Proof:
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i.  Wehave yy (u) = pu,(u) .

Foranyu € I}

degiryury (W) = degr, () = ) 1) A iy (v)

UEVZ

= degr,(u) + p(v)
=dr, (W) —0(3)

Foranyu € I/,

degirory @) = degr, (W) = D (W) Ay (v)

VeV,

= deg,@) = ) 1w®)
VeV,

= degr, () — () ) 1

veV;
=dr, (W) — p1u(v)
(ii) proof is similar to the proof (i).

2.9 Theorem

Let I'; (v, 61, uy) and I, (v,, 65, u,) be two fuzzy graphs such that y; A u, is constant
function then degr, .r,(w) = degr,(w) — Cp, if u €V,

= degr, (W) — Cpy if u €V,

where pq A u, = C is constant for every u € V; and u € V,.

Proof:
Let uy (W) Apuy,(u) =C foreveryu e V;andu €V,
where C is constant.

Foranyu € V;
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degr,un, () = degr,@) = ) @) A ()

UEVZ

= degr, (u) — Z C

UEVZ

= drl(u) — p2C

Forany u € V,

degr,or, (@) = degr, (@) = ) () A, ()

v€V1

= degr,(W ~ ) €

VeV,

=dr,(u) —p,C

CONCLUSION:

In this paper we have to found the operations of fuzzy signed graphs such as Union, Intersection, Join

and the degree of vertices of these operations under some conditions and illustrated them through Examples.
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