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Abstract

Let G=(V, E) be a simple graph with p vertices and q edges an
injective function f:V—{1,2,3,...,q+1} is said to be a Product Root
Sum Mean Labeling if the induced function f* defined on edges by
f* (uv) = fW* f W)W+ )

2

yields different values. In this paper we

prove the Product Root Sum Mean Labeling on Subdivision Graphs
such as Subdivision graph of Triangular Snake graph, Quadrilateral
Snake graph, Triangular Ladder graph, Total Comb graph and
Middle Comb graph.

Keywords: Subdivision Graphs, Triangular Snake graph,
Quadrilateral Snake graph, Triangular Ladder graph, Total Comb
graph, Middle Comb graph, Product Root Sum Mean Labeling.

1. Introduction

In 1967, Rosa came up with the concept of graph labeling [2].
Assigning integers to the vertices, edges, or both, under specific
circumstances, is known as graph labeling. Many graph labeling

techniques, including graceful, anti-magic, harmonious, magic, odd
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graceful, prime, bi-magic labeling, square sum labeling, difference
labeling, mean labeling, even mean labeling, odd mean labeling,
Root Square Mean Labeling, Root Square Even Mean labeling, Root
Square Odd Mean labeling, and Product Root Sum Mean Labeling,
have been examined in more than 2500 papers over the years [3]. A

mean labeling in G (V, E) is an 1-1 function f: v—={0, 1, .., p} such that

%[f(u)+ f(v)], if f(w)+ f(v) is even and %[f(u)+ f(v)y+ 1] if
f(w) + f(v) is odd, is distinct for any edge [S]. The Root Square Odd
and Even Mean Labeling, Product Root Sum Mean Labeling was
introduced [9], [10]. Let G = (u,v) be a graph an 1-1 function
fiv—>{l,.,e +1} is PRSML, if the function f defined by
£ ) = f@*f @) )+ (V)

2

yield different values. In this research

paper we propose the above said labeling Subdivision Graphs such
as Triangular Snake Graph, Quadrilateral Snake Graph, Triangular
Ladder Graph, Total Comb Graph, and Middle Comb Graph.

2. Main Results

Theorem 2.1: Subdivision graph of Triangular Snake Graph TS, is
a Product Root Sum Mean Label Graph.

Proof:

Let V = {v, v,, Vs....... s, Vo1, Vay Uj, Ug, Uszy....Ups1; Wi, Wy, Wi.....Wp;
X1y Xpy Xazyeeee-Xn) V1Y25Y300eneeen V. be the vertex set and the edge set be
E={vuy, 1<isn;uw.w 1<isn;uw;, l<isn;wy,l=<i<n;u.,x
1 < i< n } defined for all values of n. Define a map f: V — {1, 2,
3...... q+1} such that the vertex labels are f(u;)) =4i - 2; 1 <i<n +1; f(v;
)=6i-3;1<i<n;flw)=6i—-1; 1<i<n;flx) =6i+1;1<i<n;f(y)
= 4i; 1 <1 < n. Defined the induced function f*: E — N such that

f* (wv) = fO*f (v)+2Vf W+f)

. Thus, the edge labels are distinct. Hence

the theorem.
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Theorem 2.2: The subdivision graph of Triangular Ladder Graph
TL, is a Product Root Sum Mean Graph.

Proof:
Let V = {ul’ u2, u3,“-’un—1, un, Un+15V1, Vi, Vz....... s Va1, Vp,Wy, Wo,
W3.eoo.Wpa1; X1, Xp, X3yeeeeeXny Vi, V2, Vaeeeeeonn Vo Z15, Zoy Z3eeeenee. z.} be the

vertex set and the edge set be E={vju;, 1 <i<n+1;uuX 1<i<n;
vw; 1 <isnyux l1<isn;wgz,l<isn;zw,,1<i<n; wy;,1<i
< n; YU+, 1 £1 < n} defined for all values of n. Define a map f: V—
{1, 2, 3...... g+1} such that the vertex labels are f(u;) =6i - 2;1 <i<n
+1,f(v;)=6i-4;1<is<n,fw)=6i;1<i<n,flx) =6i-3;1<i<n,

fly)=6i-1;1<i<n,f(z)=6i+ 1; 1 <i<n. Defined the induced

function f*: E — N such that f (uv) = £ (v)+2‘f W@ Thus, the

edge labels are distinct. Hence the theorem.
Theorem 2.3 The subdivision graph of Quadrilateral Snake Graph
Q. is a Product Root Sum Mean Labeling Graph.

Proof:
Let V = {ul, Uy, Ugz,...Uy,,.Upn+1, Vi, Vo, Va....... 5> Va1, Vo, Wi, Wy, Wj..... Wh,
X1, Xy Xzyeeee-Xp; V1,V2,V30ecnenen Vo Z1, 22y Zgeeeeen.. Zn. t1, ty, faeeenn. t,} be

the vertex set and the edge set be E={vu;, 1 <i<n;u.,v; 1<i<n;
uw; 1 <isnyuagt 1<isn;wx 1<isn;ty,,1<is<n;zx1<is
n; xy; 1 <i<n} defined for all values of n. Define a map f: V — {1,
2,3...... q+1} such that the vertex labels are f(u;)) =4i -2, 1 <i<n +1;
flv;) =81 -5,1<i<n;fw)=8-7,1<i<n;flx) =8i-4,1<i<n;
fly)=8i,1<i<n;f(z) =8 -3, 1<is<n;flt) =8i-1,1<is<n.
Defined the induced function f** E — N such that

f (uv) = LWL WHE)

. Thus, the edge labels are distinct. Hence

the theorem.
Theorem 2.4: The subdivision graph of Total Comb Graph T(P,-K))
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is a Product Root Sum Mean Graph.

Proof:

Let V = { u;, u,, us,..., U, . 1,.Uy; Vi, Vg, Va....... , Vi1, Vo Wp, Wy,
Wi..oo. Wy Xq, Xp, XayeeeenXp)  V1,V2,Y30000eeee Vo: Z15 Zg, Z3eeeene.. Zn. P1, P2
P35+ Pn-15 Q1> 25 35-++> An-2; T1, T2, T35eeey Tn_1; S1, Sp, Szye-+5 Sn_1; L,
ty, tg.eenn... ta - 1.J1s J2o Jsseeor Jn- 13 K1, Ko, Ka,..., ky -1} be the vertex set
and the edge set be E={uyv;,, 1<i<n;uz, 1<i<n;vw, 1<is<n;
WX, 1 <i<snywj, 1<i<n;xy; 1<i<n;zy 1<i<n;yp; 1<i<n;
VinPy 1 Sisn;yrn l<isn;rs; 1<isn;st; 1<i<njy.t 1<is<n
;Jx, 1 <i<n;sk, 1<1ix<n} defined for all values of n. Define a
map f: V- {1, 2, 3...... g+1} such that the vertex labels are f(u;) =12i
,1<isn;if(vy)=12i-8,1 <i<n;fw)=12i-4,1<i<n; fx) = 12i-
2,1<i<nfly)=12i- 10,1 <i<n;f(z) =12i-6,1 <i<n;f(p;) = 14i
-9,1<i<n-1;

flq =14i-1,1<i<sn-2f{r) =14i-11,1<i<sn-1;f(s) = 14i—-
7,1<isn-1;f(t) =14i-3,1<i<sn-1;f(j) =14i-13,1<i<n-1
;flk) = 14i - 5,1 =i <n -1 ;Defined the induced function f*: E - N

such that f*(uv) — f(u)*f(v)+2Vf(u)+f(v)

. Thus, the edge labels are

distinct. Hence the theorem.

Theorem 2.5: The subdivision graph of Middle Comb Graph M(P,q
K,) is a Product Root Sum Mean Graph.

Proof:

Let V = { u;, u,, us,..., Up,.-Ups1; Vi, Vo, Vaeernnn. y Vo, Vpe1s Wi, Wo,
W3.oooe Wy Wpai;  Xp, X, XzyeeeoXn, Xne1) YLY2,Y30ee0eeen Vo, Vo+1: Z1, Zo,

Z3eeunnnnn Zn; P15 P25 P3s-++5 Pns Q15 25 935-++5 On; T1, T2, I3,..., Tn; 81, So, Sj,...,

Sp; t1, to, taeeen.... t,. 1} be the vertex set and the edge set be E={ uv,, 1
<isn+1l;vw, l<isn+l;wx, 1<isn+l; xy; 1<i<n+l;wr; 1
<isn;rp;, 1<is<n; sp; 1<isn;pw,; 1<i<n;yz 1<is<n;qp;

l<isnyyu,q l1<isn-1;pt 1<is<sn-1;tp+1,1<i<n-1;
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zp; 1 <1< n;} defined for all values of n. Define a map f: V— {1, 2,
3...... g+1} such that the vertex labels are f(u;) =10i-8 ,1<i<n+1;
flv;)=10i-6,1 <i<n+ 1;flw) =10i-4,1<i<n+ 1; flx) = 10i-
2,1<isn+1;fly) =101 <isn+1;f(z) =12i-9,1<i<n;f(p) =
12i-7,1<is<n ;flq) =12i-3,1<i<n;fr) =12i-11,1<i<n;
flsj =121 - 5,1 <i<n;f{t) = 12i - 1,1 <i<n - 1. Defined the

induced function f*: E — N such that f (uv) = £&7 (v)+2“f WO Thus,

the edge labels are distinct. Hence the theorem.
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Abstract

Each year, about 3% of the world’s GDP, and 1.3 million people, die
in traffic accidents. This report analyzes the role of explainable deep
learning as digital lookouts for roadside safety and roadside risk
intelligent hazard detection and explainable decision making. We
study the combination of cutting-edge technologies and frameworks
including explainable Al methods SHAP and Grad-CAM with YOLOvVS,
ResNet-50, and Faster R-CNN. We show YOLOvVS8 as the best for our
metrics with 96.2% detection accuracy for 95 FPS. Also, SHAP values
reach 92.5% on interpretability. Explainable Al systems create 100ms
on-the-fly detection of and collisions and explainable Al systems show
35-60% real time detections reduction of 100ms on-the-fly or
explainable decision making. We create the first transparent
explainability integrated deep learning solution to safe systems to real

world explainable Al products systems for the first time.

Keywords: Explainable AI, Deep learning, Roadside safety, Object

detection, Grad-CAM, Autonomous vehicles.
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