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Abstract

The article describes how to utilize the Modified Incident Edge Path Algorithm (MIEPA) to identify
the cheapest transit option and the best route. The MIEPA algorithm, which is based on graph theory,
is simple to use and can potentially be employed to major smart logistics challenges such as pipeline
networks and Google Maps. It evaluates the most optimal approach to minimize transportation expenses
using MATLAB. The algorithm ensures that each node gets visited and determines the shortest path from
the origin to all other nodes. The running time complexity and theorem of the new method are presented,
and the algorithm is compared to the existing algorithm. The proposed MIEPA addresses negative weights
and prevents negative cycles. It has used two real-world problems to evaluate the suggested algorithm.
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I. INTRODUCTION

Network optimization is a vital topic of operations research and smart logistics, with the
goal of identifying the most effective routes while decreasing transportation costs. Network
models are primarily concerned with addressing the Shortest Path Problem (SPP), which involves
establishing the optimal path between nodes in a variety of real-world settings. This challenge is
essential in various disciplines, including:

* Manufacturing: Determining the shortest path simplifies operations, resulting in faster and

more productive manufacturing.

* Management: Rational thinking is critical for maximizing benefits and minimizing expenses.

e Transportation: Designing effective routes is critical for moving big amounts of commodities

at a low cost.
In essence, the shortest path problem covers multiple challenges, aiming to maximize outcomes
in manufacturing, top management, and transportation. The basic definitions, terminologies and
notations we refer[4, 5, 6].Many shortest path algorithms in graph theory, including Dijkstra’s,
Prim’s, Kruskal’s, and other shortest path and minimum spanning tree algorithms, provide
effective solutions for finding optimal paths based on various real-world network problems [2, 10,
11, 12]. Dijkstra’s algorithm gives the N-Shortest paths for the network, and it is implemented
in Google Map Network problem[9]. A review paper helps the researchers to study well about
the algorithms and also for implementation in real-world problems[7]. These algorithms assist
decision-makers in identifying the most efficient routes with minimal transportation costs to
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reach their destinations.These methods address key operational challenges, such as pipeline
maintenance, which can lead to traffic congestion and disrupt the timely delivery of supplies to
various businesses. By adopting these strategies, industries can identify the fastest routes with
minimal travel time, reducing disruptions and ensuring swift access to affected areas [1, 13]. In
addition, optimizing algorithms for both space and time complexity can substantially enhance
business profitability. The temporal complexity of greedy algorithms has been thoroughly
examined by Yogesh Chanchal and Dr. Ashedra Kumar Saxena (2015), highlighting their role
in improving operational efficiency. Refining these algorithms enables industries to manage
resources more effectively, lower costs, and increase revenues [16]. Furthermore, Chu Fei-Xui
et al. applied the well-established Dijkstra method to calculate the N-shortest paths in pipeline
networks [3]. Shortest path methods in graph theory are vital not only for financial applications,
but also for network systems, engineering, and computer science. These methods are now widely
used in Computer Science and Engineering, highlighting their significance in improving network
performance, system design, and computing efficiency[8].

Recently, particularly during the epidemic, there has been a rise in demand for prompt and
dependable delivery services. To ensure timely and efficient delivery of food, medicine, and other
supplies, delivery agents or organizations must find the shortest routes while simultaneously
minimizing fuel expenses. Yassine Issaoui and colleagues addressed these needs in their work,
focusing on improving delivery routes to ensure timely deliveries at minimal costs[14]. Jijun Hu
and colleagues investigated the use of Dijkstra’s Algorithm to calculate the best path for Automatic
Guided Vehicles (AGVs) in warehouse distribution systems. Their job entails synchronizing
duties with vehicle movements to improve efficiency. They proposed an effective architecture
using Dijkstra’s Algorithm to address numerous warehouse-related difficulties, hence boosting
overall system performance[15]. In this paper, we introduce the Modified Incident Edge Path
approach (MIEPA), a unique approach for determining the shortest paths between nodes. The
proposed MIEPA is modified from the incident edge path algorithm proposed in[17]. We used
MIEPA to solve two real-world problems: (1) determining the best path in a pipeline network to
reach pump stations from a specified origin pump station and (2) calculating the shortest path in
Google Maps for efficient navigation. The MIEPA algorithm’s performance in these applications is
examined for reference [3].Novelty of the proposed MIEPA is it handles negative weighted edges
of the transportation network by avoiding cycles unlike existing algorithms. It is appropriate for
sparse networks because it streamlines the process of determining the minimal or most effective
route from the origin to all subsequent nodes without requiring backtracking. This paper is
structured as follows:

Introduction: This article introduces the Modified Incident Edge Path Algorithm (MIEPA), its
concepts, and a theoretical proof.

Application: The algorithm is evaluated in real-life applications, including pipeline networks and
navigation systems.

Evaluation: We assess the effectiveness of the MIEPA algorithm and discuss how it addresses its
limitations and shortcomings.

II. PRELIMINARIES

A graph G(V,E) is directed and taken as a network representation, where V is the number of
nodes denoted |V| = n and E is the number of edges denoted |E| = m. In G, the node v; is an
end node of some edge ej, v and ejis said to be incident with each other. The edges incident with
v; are said to be incident edges of G [5]. The distance between nodes v; and v; is d (vi, vj). The
weight of the node v is considered as the cost of each u, v-path. If v has more than one u, v-path,
then the minimum cost is assigned to the end node v.

A graph having no loops or parallel edges is a simple network [5]. A path is a simple network
whose nodes can be linearly ordered so that two nodes are adjacent if and only if they are one
after the other in the list [4]. A path (v; — v;) from the node v; to v; in a network is finite if it has
a finite number of nodes; otherwise, it is infinite. The weight of a path is taken as the sum of the
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distance between nodes in the respective path. If the path starts and ends with the same node,
then it is known as a cyclic, otherwise acyclic, of the network [10].
Result: Let G(V,E) be a simple and directed network; if G has only one shortest path from the
origin node v to the destination node v, then it is the optimum path for the network, providing
minimum transportation cost. The proposed algorithm was examined by Kanchana et al. [17], this
article presents the modification of IEPA and applies it in the pipeline network and Google Map
Service network to find the shortest path of every node from the origin node. In the Modified
Incident Edge Path Algorithm (MIEPA), we make the following assumptions:

e Taking the graph as a directed network (graph).

® The distance, costs, and time needed are associated with edges of the network that travels

* Single source with negative or non-negative edge weights avoiding cycles.

e Optimality of path drawn from each node from the origin node.

® The proposed algorithm involves performing optimality without backtracking from the

beginning.

I. Modified Incident Edge Path Algorithm (MIEPA)

Formulation of Graphical problem: G(V, E) be the directed simple graph. Each edge has the
distance between the nodes.

® 7g be the origin node and v, be the end node of the graph.

e V— Set of all nodes

e E— Set of all edges/lines between nodes

* d(v;,vj)— distance between the nodes

e E;— Set of incident edges wherei =1,2,.,nandj =1,2,..,n — 1.
A network G(V, E), with node set V and edge set E, we set pj the weight of the node v; and Ej,
the set of all incident edges of G where 0 <i <n,1<j<mn.
The following theorem provides the optimality of the proposed algorithm.

Theorem 1. Let G(V,E,d(v;,v;)) be any simple directed graph and the weight of the path
pj = min{p; +d(v;,v;)} is defined on G. If E, = {} then, the weight p, of the path (vg —v;) is
optimum, Where d(v;, Uj)is the distance between nodes v; and v; fori =0,1,..,n,j=1,2,,n.

Proof.

Let G(V,E,d(v;, vj)) is any simple directed graph with vertex set V = {vg, vy, ..., v;, (T Up }
and E; is the collection of all incident edges incident with v; of G.
given that, p; = min{p; +d(v;,v;)} as the weight of path from v; to v;. Let E; is the set of incident
edges from vy vertex, then the weight of path vy — v1 is p1 = po +d(vp, v1) Ez is the set of incident
edges from v1, then the weight of path (vg — v1 — v2) is pp = p1 +d(v1,v2),
If a vertex v has two in-degree, then choose the minimum weight of the path with corresponding
path. Thus, for v; vertex, E; is the set of incident edges, then the weight of the path (vg —
01..0; — v;) is p; = min{p; +d(v;,v;)}. Similarly for vertex vy, E, is empty since there are
no edges incident with v,,. Thus (v — v1...v; — Vj.Up—1 — vy,) is the obtained path from p, =
min{p(,_q) +d(v(,_1),vn)} which is optimum.

[

Remark 1: If any nodes in-degree is more than one then we can choose and fix the minimum
weight path as p; = min{p; + d(v;,v;)} of the nodes from v; to v; and also fix the path weight as
of the respective end nodes weight.
Remark 2: If any node has more than one weight, choose the minimum weight path and fix that
minimum path weight as the end node’s weight.

II. MIEPA - Steps

e Step 1: Find Ej, the set of all edges incident with vy in V. If E; is empty, go to Step 6 or
proceed to Step 2.
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* Step 2: Calculate path weight from Eq, p(vo,v;) = wo + d(vo,v;). Fix the weight to end
node of respective and choose the minimum without forming a cycle.
e Step 3: Find Ej, the set of all edges incident with v; in V. If E; is empty, go to Step 6 or go

to Step 4.

* Step 4: Calculate path weight from Ey, p(v},v;) = w; + d(v},v;). Fix the weight to the end

node of the respective and choose the minimum without forming a cycle.

e Step 5: Repeat Steps 1 to 4 until the destination node is reached after visiting all edges.

Optimum cost is the weight of the destination node.

e Step 6: Check for any negative weight cycles. Check for any weight adjustments; if a
negative cycle exists or the optimal path is obtained, stop the process.

III. Comparison of MIEPA with existing algorithms

The Table 1, provides proposed MIEPA’s weightage compared with other existing algorithms.

Table 1: Comparison of Proposed MIEPA and Other Existing Algorithms

Aspect Proposed MIEPA Dijkstra’s Algorithm  Bellman-Ford Algo- A* Algorithm
rithm
Graph Type Focuses on incident Functions with  Identifies negative cy- Works with heuristic-
edges in dynamic, weighted graphs with- cles and manages neg- based approaches on
sparse graphs. out negative edges. ative edge weights. graphs.
Efficiency More effective for sparse  Efficient for dense Global edge checks re- Very efficient when

Time Complex-

ity

Negative
Weight
dling

Han-

Use Case

Edge Handling

Adaptability

graphs as it focuses on
local incident edges.

O(V +E), dependent on
the number of incident
edges, ideal for sparse
graphs.

Can handle negative
weights by identifying
and avoiding negative
cycles.

Ideal for dynamic, adap-
tive, local exploration
(e.g., transportation net-
works and pipelines).
Concentrates on inci-
dent edges (examines
neighbors step-by-step).
Highly adaptive for lo-
cal connectivity and dy-
namic systems requiring
cycle detection.

graphs using priority
queues (O(VlogV)).

o(v?), or
O(E + VlogV) with
priority queues.

Cannot handle nega-
tive weights; requires
non-negative edges.

Suitable for non-
negative edge graphs
(e.g., shortest paths in
maps).

Evaluates all edges
connecting each node.

Not  suitable for
dynamic graphs or
graphs with negative
weights.

sult in slower runtime

(O(VE)).

O(VE), due to global
edge assessments.

Handles negative
weights but requires
additional processing.

Useful for graphs
with negative weights
(e.g., finance, trans-
portation).

Evaluates all edges,
even for negative
weight cycles.
Supports static graphs
with negative weights.

appropriate heuristics
are available (O(E) to
O(E+ VlogV)).
O(E) to O(E +
VloegV) depending
on heuristic use.

Cannot directly han-
dle negative weights
without modifica-
tions.

Best suited for heuris-
tic pathfinding in do-
mains like games and
robotics.

Prioritizes edges us-
ing heuristic rankings.

Performs well in do-
mains with applicable
heuristics (e.g., real-
time pathfinding).

III.

I. Pipeline Network Problem

SMART Logistic NETWORK PROBLEMS

The MIEPA algorithm is used to determine the most cost-effective path in a pipeline network,
helping industries like the South-West products pipeline industry optimize their operations.
By representing pump stations as nodes and pipelines as edges and calculating the minimum
cost using unit costs, the MIEPA algorithm provides an efficient method to find the optimal
transportation routes within the network.

Assume Figure 1 illustrates a network diagram with nodes and edges representing pump
stations and pipelines, respectively. The MIEPA algorithm will calculate the minimum cost of
reaching the destination node by iteratively finding the shortest path in terms of transportation
cost. The distance of edges in the pipeline network is shown in Table 2.
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Figure 1: Network of Pipeline

Table 2: Edge and Distance Between the Nodes

Edge Distance between v; Edge Distance between v;
and v; and v;

(vg,01) 2.31 (ve,v7) 1.5
(U(), 02) 3.5 (‘07, 08) 1.7
(Uo, ’03) 52 (‘03, ‘09) 1.6
(v1,03) 2.05 (v9,v19) 1.5
(v1,04) 458 (v9,v11) 3.5
(Uz, 2)3) 0.98 (2)10, 011) 1.6
(Uz, ?,74) 3.43 (2)11, ?,712) 15
(Uz, 05) 648 (012, 013) 1.2
(03, U4) 25 (012, 014) 3.6
(03, U5) 5.33 (013, 014) 1.9
(v4,05) 2.3 (v13,015) 3.0
(v4,06) 4.26 (v14,015) 0.8
(vs,06) 1.3

The proposed MIEPA algorithm is applied, and the calculation for getting the optimum path
is given in Table 3 for the pipeline network.

Table 3: Pipeline Network Problem Solved by MIEPA

Incident Edge Set E; The Weight and the Shortest Path p; of (v;)

p1 = 2.31 of (v1), po = 3.5 of (v3), and p3 = 5.2 of (v3)
ps = min{5.2,4.36} = 4.36 of (v3), ps = 6.89 of (v)

Eq = {vgv1, 0902, 0903}
Ey = {v1v3, 0104}

E; = {v304, 0305} ps = min{6.89,6.86} = 6.86 of (v4), p5s = 10.84 of (vs)
E4 = {"04'('}5, "04"06} ps = min{9.16, 1084} = 9.16 of (‘05), Pe = 11.09 of (06)
Es = {0506} pe = min{11.09,10.46} = 10.46 of (vs)

Eé = {U6U7} p7 = 11.96 of (U7)

E7 = {0708} ps = 13.66 of (Ug)

Eg = {7]809} Po = 15.26 of (Ug)

P10 = 16.76 of (010), P11 = 18.76 of (011)
p11 = min{18.76,18.36} = 18.36 of (v1;)
P12 = 19.86 of (v1y)

P13 = 21.06 of (013), P1a = 23.46 of (014)

Eg = {v9v10, 09011 }
Eyo = {10011}

Ey = {v11012}

Eip = {v12013, 012014}

Ei3 = {v13014, 013015}
Ei4 = {v14015}
Ei5 = {}

p1a = min{22.96,23.46} = 22.96 of (v14), p15 = 24.06 of (vy5)
p15 = min{23.76,24.06} = 23.76 of (v15)
Stop the process; destination reached.
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Figure 2: Network of Pipeline with optimal path by MATLAB

End node reached stop the process, since Ej5 = {} there is no edges incident with vy5

weight of the end node of selected minimum weight path is p;5 = 23.76. Hence, the minimum
transportation cost of the optimum path is 23.76 hundred million yuan.
The Table 4 is a representation of the minimum cost to reach every node vy and also the optimum
path to reach the end node where all the edges have been visited. Therefore, the optimum path
is (Vg — V1 — U3 — U4 — U5 — Vg — U7 — Vg — Vg — V19 — U11 — V12 — V13 — V14 — U15) With (Weight of
the path) minimum transportation cost p15 = 23.76 hundred million yuan.

Table 4: Shortest Path for Each Node from vy in the Pipeline Network

End Node Shortest Path p(v, v;) Minimum Cost w;
of p(vo,v;)
(2 vy — U1 2.31
U Vg — 02 35
U3 vy — U1 — U3 4.36
[N Vo — U] — U3 — Uy 6.86
U5 V) — 01 — 03 — U4 — U5 9.16
3 Vg — U] — U3 — Vg — U5 — Vg 10.46
07 Vg — 01 —03 — 04 —0U5 —0g — 07 11.96
[ Vg — U1 — U3 — Vg — U5 — Vg — U7 — Vg 13.66
) Vg — U1 — U3 — Vg — U5 — Vg — Uy — Vg — Ug 15.26
010 V) — 01 — 03 — 04 — U5 — Vg — U7 —0U8 — U9 — 010 16.76
U11 Vg — V] — U3 — U4 — U5 — Vg — Uy — Vg — Vg — V10 — V11 18.36
012 V) —01 —03 =04 —0U5 —0 — 07 —08 —0V9g — 010 — 011 — 012 19.86
013 V) — 01 — 03 — U4 — 05 — Vg — 07 —U8 — U9 — 010 — 011 — 21.06
U12 — 013
V14 V) — 01 — 03 — U4 — U5 — Vg — 07 — U8 — U9 — 010 — U011 — 22.96
U12 — 013 — V14
015 V) — 01 — 03 — U4 — U5 —0Vg — 07 — 08 — U9 — 010 — 011 — 23.76

U12 — 013 —U14 — U15

The proposed modified incident edges path algorithm solves the pipeline network problem
and is verified using MATLAB. For example, the following Figure 2 gives the required optimum
path for the network. The red line in Figure 2 denotes the optimum path to reach the final pump
station from the origin with minimum transportation cost.
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II. Google Map Network

The Google Map Network Problem is taken as a numerical example to find the optimum path
with minimum transportation cost using the proposed MIEPA algorithm. A map is considered for
finding the optimum route between Avadi and Ambattur is shown in Figure 3. The Google map
shows two types of timings, such as 20 minutes with 8.8km and 24 minutes with 9.4km to reach
the destination as the fastest route. But using the proposed MIEPA algorithm, the decision-maker
can find the shortest route with a minimum time duration compared with the online server,
which was solved and provided in below Table 5 and Figure 5.

LACN- I

‘Avadi, Tamil Nadu

0 Ambattu, Chennai Tamil Nadu

A {olatur Fish!
. - ne
o L Rhgur
® Amﬂ(ﬁjlmba(mv 8
‘ 5 VILLIV/
aflvsdl

DETALS

m  viaNHT16 24min

Figure 3: Route taken from online server - Google Maps

The distance may vary because of the parameters like speeding limits and road extension work.
The distance taken for calculating is taken from the Google Server and solved by the proposed
MIEPA algorithm. Figure 4 shows the graphical representation of the google map; each intersec-
tion area is taken as nodes, the line joining nodes is taken as edges, and the time taken to reach
between nodes is considered as distances of edges. The network taken is directed to reach the desti-
nation using Google Maps and plotted using MATLAB, which is a directed network. The nodes are

Figure 4: Network of Google Map

labeled as {1,2,3, ...,12,13} representing the nodes {v1,v2, v3,v4, Us, Vs, V7, U8, V9, V10, V11, V12, V13 }
where v; denotes Avadi, v13 denote’s Ambattur and distance between nodes is given in Figure 4.
The Table 5 provides the distances between nodes for the Google Map Network Problem.
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Table 5: Edge and Distance Between the Nodes of Google Map Network

Edge Distance Between v; Edge Distance Between v;
and vj and v;
(v1,v2) 2 (v7,v10) 4
(v1,03) 3 (v7,v13) 5
(v2,v9) 3 (vs, v7) 3
(v2,04) 1 (vs,v9) 2
(v3,v12) 5 (011, 013) 5
(v4,05) 4 (v9,03) 2
(v5,76) 8 (v10,v8) 2
(v6,v7) 4 (v12,011) 6
(v6,v8) 3 (v11,v10) 2

Table 6 provides the calculation process by proposed MIEPA for Google Map Network Problem
for optimum route between Avadi to Ambattur.

Table 6: Google Map Network Problem Solved by MIEPA (Part I)

Incident Edge Set E; The Weight and the Shortest Path p; of (v;)

Ey = {v103,0102} p3 =3 of (v3) and pr =2 of (v2)

Ey = {vy04, 0209} pa =3 of (vg) and pg =5 of (v9)

E3 = {v4v5} ps =7 of (vs)

Ey = {v5v6} pe = 15 of (ve)

E5 = {‘0607, ‘06‘08} p7 = 19 of (U7) and ps = 18 of (‘08)

E¢ = {vgv7,vg09} p7 = min{19,21} = 19 of (vy) and pg = min{5,20} =
5 of (09)

Ey; = {vqvs3} p3 = min{3,7} = 3 of (v3)

Eg = {v3012} p12 = 8 of (v12)

Eg = {v1p011} p11 = 14 of (v17)

E1o = {v11010, 011013 } p10 = 16 of (v19) and p13 = 19 of (v13)

Ell = {Z)lovg} ps = min{16, 18} =16 of (Z)g)

E1p = {vgvg } This forms a cycle. Neglect this path and choose the
path (v11,v13) leading to end node vy3.

Ez={} piz =19

End node reached, so stop the process since Ej3 = {} there is no edges incident with v13 and
weight of the end node is selected which is the minimum weight of path. Hence, the optimum
time to reach the destination is 19 minutes

Table 7: Shortest Path for Each Node from vy in the Google Map Network

End Node Shortest Path p(vy, v]-) Minimum Cost w; of
p(v1,9;)

(%) U1 — 02 2

03 U1 — 03 3

(2 U1 — 02 — 04 3

v12 U1 — U3 — 012 8

U9 U1 — 07 — 09 5

U11 U1 —U3— 012 — 011 14

U5 U] — Uy — U4 — Vs 7

(3 U1 — 0y — 04 — 05 — Vg 15

Ug U] — Uy — Uy — U5 — Vg — Vg 18

vy U1 — Up — Uy — U5 — Vg — Uy 19

v10 U1 — U3 — V12 — V11 — V10 16

U13 U1 — U3 —U1p — 011 — 013 19
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The Table 7 provides the optimum path with minimum time to reach the different destination
from the origin node v; by visiting all the edges. Hence, the destination reached from origin and
optimum path is v1 — v3 — v1p — v1; — v13 with minimum time duration (Weight of the path) of
p13 = 19 minutes.

Figure 5: optimum path of Google Map by MATLAB

The Figure 5, provide the optimum path for a specified map taken from Google Maps found
using the proposed MIEPA algorithm in MATLAB Hence, the decision-maker can find the
optimum path by taking any node as the origin and any node as the destination. Therefore,
the proposed MIEPA algorithm provides the minimum transportation cost, optimum path, and
minimum time duration.

IV. DiscussioN AND CONCLUSION

The classical network optimization problem of finding the optimal path is crucial in numerous
real-world applications, particularly in smart logistics. This article implements the Modified Inci-
dent Edge Path Algorithm (MIEPA) to address smart logistical challenges in two real-life scenarios.
The MIEPA algorithm efficiently determines the optimal path with minimum transportation cost
and time duration by utilizing incident edges to traverse the network.

The algorithm’s running time complexity is reduced to O(E + V), offering an efficient solu-
tion compared to existing algorithms. The paper presents a comparison of MIEPA with other
algorithms, highlighting its performance advantages. Additionally, the algorithm ensures that
the destination node is reached from the origin by visiting all edges in a given directed network.
The optimal path identified by MIEPA for both pipeline network and Google Map problems is
verified using MATLAB, achieving minimum transportation costs. The algorithm also provides
results consistent with those obtained from Dijkstra’s algorithm, as shown in [3] and [9]. MIEPA
demonstrates superior performance in determining the shortest and fastest routes compared
to Google Search for the Google Map Problem. Furthermore, the paper illustrates how MIEPA
can calculate multiple optimal paths between various origin and destination pairs, enhancing
decision-making for users. In conclusion, the MIEPA algorithm facilitates easy manual determina-
tion of the shortest route and provides a straightforward, efficient solution for reaching all nodes
from the origin node or between any specified nodes in sparse directed network problems. Its
main advantage is its clarity and efficiency in solving smaller network instances.
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