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Abstract – Taking the emergency response system of a city to be built as the background, and taking the traffic 

network with 92 intersections and several roads as the research object. Under the condition that the number of 

emergency response system platforms is limited, the Dijkstra algorithm is programmed by MATLAB software to 

obtain the shortest distance between each intersection, and use LINGO software to solve the 0-1 programming, so as 

to reasonably allocate the jurisdiction of each platform. For some platforms, the response time is too long for some 

areas and the workload is not for the problem of equilibrium, a dual-objective 0-1 programming model is established 

and optimized, and the global optimal solution is solved using LINGO software. 

Keywords – Dijkstra's Algorithm, Dual Objective Programming, LINGO, 0-1 Programming. 

I. INTRODUCTION 

With the development of society and economic prosperity, many cities began to expand from the central area 

to the suburbs, and accelerated the pace of infrastructure construction. The development of cities usually requires 

convenient transportation conditions as a support, so many roads will inevitably be laid in the process of urban 

construction. How to manage the intricate and complicated traffic network reasonably and efficiently has become 

a difficult problem to be solved. 

In recent years, many researchers have used graph theory to study the management of urban transportation 

networks. The core problem is to study the shortest path between two points of complex networks. In 2007, Xu[1] 

et al. improved the Dijkstra algorithm and calculated the shortest path between two points in a sparse network 

more efficiently. In 2010, Hougardy[2] studied the shortcomings of the Floyd-Warshall algorithm used in the 

weighted graph of negative loops and gave two solutions. In 2012, Aini[3] et al. optimized the Floyd-Warshall 

algorithm, which made the algorithm less computational and faster. In 2013, Zhang[4] et al. proposed a method 

combining the adaptive amoeba algorithm with the Lagrangian relaxation algorithm to effectively solve the 

constrained shortest path (CSP) problem. In 2017, Breugem[5] et al. developed a new FPTAS (Fully Polynomial-

Time Approximation Scheme) for a multi-objective shortest path (MOSP) problem, which can solve the MOSP 

problem in a short time. In 2018, Sunita[6] et al. studied the dynamic shortest path problem and proposed a dynamic 

Dijkstra algorithm to effectively solve the dynamic single source shortest path problem.  

Based on the rapid response system of a city's construction emergency, this paper aims to get the management 

area of each work platform of the emergency response system, so as to respond quickly and efficiently to 

emergencies in the city. 

It is known that the city’s transportation network consists of 92 intersections, which are connected by roads 

(Only know the coordinate information of the intersection, the road connection between the intersections and the 

platform position. For details, please refer to the data of area A in the B questions of the 2011 Chinese College 

Students Mathematical Modeling Contest). In order to respond quickly to emergencies on the road and reduce the 
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losses caused by emergencies, the city’s traffic authority plans to build 20 emergency response platforms. There 

are two issues that need to be addressed now: 

1. Reasonably allocate 20 areas under the jurisdiction of the platform (The platform is fixed and located at 

junction 1-20), so that when an emergency occurs in a certain place, the traffic police of the platform should 

reach the place of occurrence within 3 minutes as much as possible (60 km/h). 

2. Since the existing rapid response platform has a long reaction time in some areas and the workload is not 

balanced, it is proposed to add another 2 to 5 platforms in the city. Determine the need to increase the specific 

number and location of the platform. 

II. MODEL ESTABLISHMENT AND SOLUTION 

A. The model of Problem 1 and its Solution 

This question requires a reasonable allocation of the jurisdiction of 20 platforms, so that when an emergency 

occurs in the jurisdiction, the traffic police will arrive at the incident within 3 minutes (60 km/h). 

Since there is a high probability of an emergency at the intersection and the road can be blocked by blocking 

the intersection, all the intersections need only be assigned to the platform. In order to make the traffic police of 

the platform rush to the incident as soon as possible, simply assign the intersection to the platform closest to it. 

We decide to build the shortest distance model. As shown in Fig. 1, the circles are all intersections, and the 

distance between the intersections is not equal. It is required to start from point A and select the shortest path to 

reach point B. For solving the shortest path problem, there are now mature algorithms, such as Dijkstra algorithm 

[7] and Floyd algorithm [8]. Floyd algorithm can be used whether the weight of the edge of the network is positive 

or negative, and Dijkstra algorithm can only solve the case where the edge weight is positive. However, the Floyd 

algorithm has a higher time complexity and is not suitable for networks with a large number of nodes. For this 

problem, the weights on all sides of the road network are positive, and in order to promote the model, we use the 

Dijkstra algorithm.  

The Dijkstra algorithm is an algorithm that uses greedy thoughts. The basic idea is to find the shortest path and 

distance from point A to each vertex in order from near to far, until all the vertices are taken. 

 

Fig. 1. Sample diagram. 

The specific steps of the Dijkstra algorithm are as follows: 

Let 𝐺 = (𝑉, 𝐸) be a directed graph, 𝑉 = {𝑣1, 𝑣2, 𝑣3 … 𝑣𝑛} indicates the vertex, 𝐸 = {𝑒1, 𝑒2, 𝑒3 … 𝑒𝑚} indicates 

the side. Each 𝑒𝑘 corresponds to a group (𝑣𝑖 , 𝑣𝑗), denoted as 𝑒𝑘 = (𝑣𝑖 , 𝑣𝑗), Represents an arc from vertex 𝑣𝑖 to 𝑣𝑗 

(𝑘 ≤ 𝑚; 𝑖, 𝑗 ≤ 𝑛). Each side of the directed graph belongs to E and has a non-negative weight 𝑊(𝑖, 𝑗), 𝑊(𝑖, 𝑗) =

√(𝑥𝑖 − 𝑥𝑗)2 + (𝑦𝑖 − 𝑦𝑗)2, indicates the distance between vertex 𝑣𝑖 and 𝑣𝑗. If there are no edges between the two 
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vertices, 𝑊(𝑖, 𝑗) = +∞. 

Specify a vertex 𝑣0 in 𝐺, and find the shortest path and distance from 𝑣0 to the remaining vertices: 

 (1) Two sets 𝑆 and 𝑈 are introduced, where the 𝑆 set contains the points of the shortest path that have been found, 

and the 𝑈 set contains the points where the shortest path is not found. 

(2) Initialize the collection. At the beginning, there are only 𝑣0 points in 𝑆, and there are other points in 𝑈. That 

is, 𝑆0 = {𝑣0}, 𝑈0 = {𝑣1, 𝑣2, 𝑣3 … 𝑣𝑛}. At this time, 𝑖 = 0. 

(3) The point 𝑣𝑗1  closest to the distance 𝑣0  is selected from 𝑈0  (i.e., 𝑣𝑗1 → 𝑣0  is the shortest), 𝑣𝑗1  is removed 

from 𝑈0, and moved to 𝑆0. At this time, 𝑈0 becomes 𝑈1, and 𝑆0 becomes 𝑆1. At this time, 𝑖 = 1. 

(4) Select distance 𝑣0  from 𝑈0 , the nearest point 𝑣𝑗2  (i.e., 𝑣𝑗2 → 𝑣0  is the shortest, or 𝑣𝑗2 → 𝑣𝑗1 → 𝑣0  is the 

shortest), remove 𝑣𝑗2 from 𝑈0, and move into 𝑆0. At this time, 𝑈1 becomes 𝑈2 , 𝑆1 becomes 𝑆2, 𝑖 = 2. 

(5) Repeat the above steps until all points are taken. 

If recording is performed at each step in the above process, the shortest path and the shortest distance from the 

vertex 𝑣0 to all points in the directed graph 𝐺 can be obtained. 

Using MATLAB programming, we first import and draw the coordinates of each intersection position (The 

image is shown in Fig. 2. The circle represents the intersection with the platform, the star represents the 

intersection without the platform, and the unit is 100 meters): 

Fig. 2. City traffic network map. 

Using the Dijkstra algorithm, the shortest distance between the two intersections of 92 intersections is solved. 

Let the shortest distance from the 𝑖-th intersection to the 𝑗-th intersection be 𝑠𝑖𝑗 , and get the shortest distance 

matrix 𝑆 = (𝑠𝑖𝑗)92×92. 

Establish the target matrix 𝑅, 𝑅 = (𝑟𝑖𝑗)20×92. 

𝑟𝑖𝑗 = 1, indicates that junction 𝑗 is governed by platform 𝑖. 

𝑟𝑖𝑗 = 0, indicates that junction 𝑗 is not governed by platform 𝑖. 
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Objective function: 

min 𝑧 = ∑ ∑ 𝑠𝑖𝑗𝑟𝑖𝑗

92

𝑗=1

20

𝑖=1

 

 

(1) 

Restrictions: 

∑ 𝑟𝑖𝑗

20

𝑖=1

= 1, 𝑗 = 1,2,3 … 92 (2) 

∑ 𝑟𝑖𝑗 ≥ 1, 𝑖 = 1,2,3 … 20

92

𝑗=1

 

 

(3) 

𝑟𝑖𝑗 ∈ {0,1} (4) 

Constraint (2) indicates that each intersection is governed by a platform, and constraint (3) indicates that each 

platform governs at least one intersection. 

Using LINGO software to solve the plan, we can get the specific distribution of 𝑟𝑖𝑗  to get the target matrix (i.e., 

jurisdiction plan). Since the Dijkstra algorithm is used to solve the shortest path, we get not only the value of the 

shortest path between the two points, but also the path information. Therefore, when the target matrix R is solved, 

the path information can be easily exported with MATLAB. 

The resulting jurisdictional plan and path information are shown in Table 1. 

Table 1. Jurisdiction plan and path information. 

Platform Route T/Min Platform Route T/Min 

1 1-1 0 8 8-46 0.93 

1 1-69-68-67 1.62 9 9-9 0 

1 1-69-68 1.21 9 9-34-31 2.06 

1 1-69 0.5 9 9-34 0.5 

1 1-69-71 1.14 9 9-35 0.42 

1 1-74-73 1.03 9 9-35-45 1.1 

1 1-74 0.63 10 10-10 0 

1 1-75 0.93 11 11-11 0 

1 1-75-76 1.28 11 11-26 0.9 

1 1-78 0.64 11 11-26-27 1.64 

2 2-2 0 12 12-12 0 

2 2-40-39 3.68 12 12-25 1.79 

2 2-40 1.91 13 13-13 0 

2 2-43 0.8 13 13-22-21 2.71 

2 2-44 0.95 13 13-22 0.91 

2 2-70 0.86 13 13-23 0.5 

2 2-43-72 1.61 13 13-24 2.39 

3 3-3 0 14 14-14 0 

3 3-55-54 2.27 15 15-15 0 
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Platform Route T/Min Platform Route T/Min 

3 3-55 1.27 15 15-28 4.75 

3 3-65 1.52 15 15-28-29 5.7 

3 3-65-66 1.84 16 16-16 0 

4 4-4 0 16 16-36 0.61 

4 4-57 1.87 16 16-36-37 1.12 

4 4-62-60 1.74 16 16-38 3.41 

4 4-62 0.35 17 17-17 0 

4 4-63 1.03 17 17-41 0.85 

4 4-63-64 1.94 17 17-42 0.98 

5 5-5 0 18 18-18 0 

5 5-49 0.5 18 18-80 0.81 

5 5-50 0.85 18 18-81 0.67 

5 5-50-51 1.23 18 18-83-82 1.08 

5 5-50-51-52 1.66 18 18-83 0.54 

5 5-49-53 1.17 19 19-19 0 

5 5-50-51-52-56 2.08 19 19-77 0.98 

5 5-50-51-59-58 2.3 19 19-79 0.45 

5 5-50-51-59 1.52 20 20-20 0 

6 6-6 0 20 20-85-84 1.18 

7 7-7 0 20 20-85 0.45 

7 7-30. 0.58 20 20-86 0.36 

7 7-32 1.14 20 20-86-87 1.47 

7 7-47 1.28 20 20-86-88 1.29 

7 7-30-48 1.29 20 20-89 0.95 

7 7-30-48-61 4.19 20 20-89-90 1.3 

8 8-8 0 20 20-86-88-91 1.6 

8 8-33 0.83 20 20-86-88-91-92 3.6 

B. The Model of Problem 2 and its Solution 

This question requires the addition of 2 to 5 platforms in the city and get the specific number and location of 

the platform that needs to be added, so as to solve the problem of uneven workload of the existing traffic patrol 

service platform and some places have too long time for police to go out. 

First of all, we must solve the problem that the time for police in some places is too long. In order to make all 

intersections get responded within 3 minutes (60 km/h). The first objective function we establish is to add the 

fewest number of platforms, and the constraint is that the distance from all intersections to the nearest platform is 

less than three kilometers. Secondly, we must solve the problem of uneven workload of the platform. The second 

objective function we establish is that the variance of the platform management intersection is the smallest. 

According to the above analysis, this is a two-objective planning problem. Let the decision variable be 𝑛𝑖. 
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𝑛𝑖 = 1, indicates that a new platform is added at the 𝑖-th intersection. 

𝑛𝑖 = 0, indicates that the platform is not added at the 𝑖-th intersection. 

Let 𝑤𝑖  be the number of management intersections for the 𝑖-th platform, and𝑤𝑖 be the average number of 

management intersections for each platform. 

Introducing a 0-1 variable 𝑚𝑖𝑗: 

𝑚𝑖𝑗 = 1, indicates 𝑖 platform jurisdiction 𝑗 junction. 

𝑚𝑖𝑗 = 0, indicates that 𝑖 platform does not govern 𝑗 junction. 

Objective function: 

min 𝑦 = ∑ 𝑛𝑖

92

𝑖=21

 (5) 

min 𝑘 = ∑(𝑤𝑖 − 𝑤𝑖)2 + ∑ 𝑛𝑖(𝑤𝑖 − 𝑤𝑖)2

92

𝑖=21

20

𝑖=1

 (6) 

Restrictions: 

(∑ 𝑚𝑖𝑗

20

𝑖=1

) + ( ∑ 𝑚𝑖𝑗

92

𝑖=21

∗ 𝑛𝑖) = 1, 

j = 1,2,3 … 92 

(7) 

𝑚𝑖𝑗 , 𝑛𝑖 ∈ {0,1} 
(8) 

𝑚𝑖𝑗 = 1, while 𝑖 = 𝑗 ≤ 20 (9) 

𝑚𝑖𝑗 = 0, while 𝑠𝑖𝑗 > 3 
(10) 

Constraint (7) indicates that each intersection is governed by only one platform. Constraint (9) indicates that 

each platform must govern its own intersection. Constraint (10) indicates that the platform must not govern 

intersections that are more than 3 kilometers away from itself. 

This is a two-objective planning problem that cannot be solved directly and needs to be optimized first: Convert 

one of the objective functions into a constraint to convert the two-objective plan into a single-objective plan. 

Since the number of new platforms should be as small as possible, min 𝑦 has a higher priority and should be 

converted into constraints: First remove min 𝑘, solve min 𝑦, and then use the obtained min y as a constraint to 

solve min 𝑘. 

Without considering the uniformity of task assignment (i.e., removing min 𝑘), solve it with LINGO software 

and solve for min 𝑦 = 4 

As can be seen from the above definition of 𝑚𝑖𝑗, ∑ 𝑚𝑖𝑗
92
𝑗=1  indicates the number of intersections governed by 

platform 𝑖. Therefor, 𝑤𝑖 = ∑ 𝑚𝑖𝑗
92
𝑗=1 ,𝑤𝑖 =

92

24
= 3.833 

At this point, the objective function is: 
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min 𝑘 = ∑ [(∑ 𝑚𝑖𝑗

92

𝑗=1

) − 𝑤𝑖]

2
20

𝑖=1

 

+ ∑ {𝑛𝑖 ∗ [(∑ 𝑚𝑖𝑗

92

𝑗=1

) − 𝑤𝑖]

2

}

92

𝑖=21

 

(11) 

Restrictions: 

(∑ 𝑚𝑖𝑗

20

𝑖=1

) + ( ∑ 𝑚𝑖𝑗

92

𝑖=21

∗ 𝑛𝑖) = 1, 
(7) 

 j = 1,2,3 … 92 

∑ 𝑛𝑖

92

𝑖=21

= 4 
(12) 

𝑚𝑖𝑗 , 𝑛𝑖 ∈ {0,1} (8) 

𝑚𝑖𝑗 = 1, while 𝑖 = 𝑗 ≤ 20 (9) 

𝑚𝑖𝑗 = 0, while 𝑠𝑖𝑗 > 3 (10) 

Use the LINGO software to solve the above plan and get 𝑛𝑖 and 𝑚𝑖𝑗. The location of the new platform is known 

by 𝑛𝑖, and the platform jurisdiction is known by 𝑚𝑖𝑗. From the results, it was found that 𝑛 = 28, 38, 61, 92; 𝑛 = 

29, 38, 61, 92; 𝑛 = 28, 39, 61, 92; 𝑛 = 29, 39, 61, 92 have the same min k = 55.3333. Since the solution result is 

not one, we hope to reduce the solution result by introducing a new objective function.  

Obviously, in the case that the response time of all intersections is less than three minutes and the task volume 

has reached the most uniform, the next step should be the shortest total distance from the platform to the 

intersection. 

Let the total distance from the platform to the intersection be 𝐿, then: 

min = 𝐿 = (∑ 𝑚𝑖𝑗 ∗ 𝑠𝑖𝑗

20

𝑖=1

) + ( ∑ 𝑚𝑖𝑗

92

𝑖=21

∗ 𝑠𝑖𝑗 ∗ 𝑛𝑖) (13) 

 At this point, the constraints are: 

∑ [(∑ 𝑚𝑖𝑗

92

𝑗=1

) − 𝑤𝑖]

2
20

𝑖=1

+ ∑ {𝑛𝑖 ∗ [(∑ 𝑚𝑖𝑗

92

𝑗=1

) − 𝑤𝑖]

2

}

92

𝑖=21

< 55.34 (14) 

∑ [(∑ 𝑚𝑖𝑗

92

𝑗=1

) − 𝑤𝑖]

2
20

𝑖=1

+ ∑ {𝑛𝑖 ∗ [(∑ 𝑚𝑖𝑗

92

𝑗=1

) − 𝑤𝑖]

2

}

92

𝑖=21

> 55.33 (15) 

(∑ 𝑚𝑖𝑗

20

𝑖=1

) + ( ∑ 𝑚𝑖𝑗

92

𝑖=21

∗ 𝑛𝑖) = 1, 

j = 1,2,3 … 92 

(7) 

∑ 𝑛𝑖

92

𝑖=21

= 4 (12) 
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𝑚𝑖𝑗 , 𝑛𝑖 ∈ {0,1} (8) 

𝑚𝑖𝑗 = 1, while 𝑖 = 𝑗 ≤ 20 (9) 

𝑚𝑖𝑗 = 0, while 𝑠𝑖𝑗 > 3 (10) 

Solving the plan, the minimum value of 𝐿 is 90.58341 km, and the new platform positions are 𝑛 = 29, 39, 61, 

92 and 𝑛=28, 39, 61, 92. For the two new platforms, the variance 𝑘 = 55.3333. 

For the scheme of 𝑛 = 29, 39, 61, 92, the strategy of jurisdiction is not unique. Only two strategies are given 

here (The 𝐿 of both strategies is 90.58341 km, and the 𝑘 is 55.3333). 

Table 2. The first jurisdictional strategy for the first scheme. 

Intersection Platform Intersection Platform 

1 1,68,71,73,74,75 13 13,21,22,23,24 

2 2,44,67,69,70 14 14 

3 3,54,55,65,66 15 15,31 

4 4,57,60,62,63,64 16 16,36,37 

5 5,49,50,53,56 17 17,41,42,43,72 

6 6,51,52,58,59 18 18,80,81,82,83 

7 7,30,32,47 19 19,76,77,78,79 

8 8,33,46 20 20,84,85,86,89 

9 9,34,35,45 29 28,29 

10 10 39 38,39,40 

11 11,26,27 61 48,61 

12 12,25 92 87,88,90,91,92 

Table 3. The second jurisdictional strategy for the first scheme. 

Intersection Platform Intersection Platform 

1 1,68,71,73,74,75 13 13,21,22,23,24 

2 2,44,67,69,70 14 14 

3 3,54,55,65,66 15 15,31 

4 4,57,60,62,63,64 16 16,36,37 

5 5,49,51,53,56 17 17,41,42,43,72 

6 6,50,52,58,59 18 18,80,81,82,83 

7 7,30,32,47 19 19,76,77,78,79 

8 8,33,46 20 20,84,85,86,89 

9 9,34,35,45 29 28,29 

10 10 39 38,39,40 

11 11,26,27 61 48,61 

12 12,25 92 87,88,90,91,92 

It can be seen that the difference between the above two strategies is mainly reflected in the different 

jurisdictional strategies of the platforms located at intersections 5 and 6.     
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For integer programming, the LINGO software can solve for a specified number of solutions and rank them 

according to their merits. We analyze the multiple optimal solutions found to find that the differences between the 

strategies corresponding to these optimal solutions are reflected in the different jurisdiction of the platform at the 

intersection of No. 5 and No. 6. The reason for this situation is that if the objective function is satisfied to the 

minimum and all constraints are met, the platform of No. 5 and No. 6 intersections can only govern 4 intersections. 

According to figure 2, it can be found that the total distance between the junctions governed by platform 5 and 

platform 6 can be maintained unchanged if appropriate exchanges are made. Therefore, multiple jurisdiction 

strategies exist. 

For the scheme of 𝑛 = 28, 39, 61, 92, the strategy of jurisdiction is also not unique. Only two kinds are given 

here (The 𝐿 of both strategies is 90.58341 km, and the 𝑘 is 55.3333). 

Table 4. The first jurisdictional strategy for the second scheme. 

Intersection Platform Intersection Platform 

1 1,68,71,73,74,75 13 13,21,22,23,24 

2 2,44,67,69,70 14 14 

3 3,54,55,65,66 15 15,31 

4 4,57,60,62,63,64 16 16,36,37 

5 5,49,50,52,53 17 17,41,42,43,72 

6 6,51,56,58,59 18 18,80,81,82,83 

7 7,30,32,47 19 19,76,77,78,79 

8 8,33,46 20 20,84,85,86,89 

9 9,34,35,45 28 28,29 

10 10 39 38,39,40 

11 11,26,27 61 48,61 

12 12,25 92 87,88,90,91,92 

Table 5. The second jurisdictional strategy for the second scheme. 

Intersection Platform Intersection Platform 

1 1,68,71,73,74,75 13 13,21,22,23,24 

2 2,44,67,69,70 14 14 

3 3,54,55,65,66 15 15,31 

4 4,57,60,62,63,64 16 16,36,37 

5 5,49,50,53,56 17 17,41,42,43,72 

6 6,51,52,58,59 18 18,80,81,82,83 

7 7,30,32,47 19 19,76,77,78,79 

8 8,33,46 20 20,84,85,86,89 

9 9,34,35,45 28 28,29 

10 10 39 38,39,40 

11 11,26,27 61 48,61 

12 12,25 92 87,88,90,91,92 
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It can be seen that the difference between the above two strategies is also reflected in the different jurisdictions 

of the platforms located at intersections 5 and 6. 

Combining the two new platform solutions n = 29, 39, 61, 92 and n = 28, 39, 61, 92, the difference between the 

two distribution schemes is only whether the location of the new platform is at junction 28 or junction 29, they 

have the same jurisdictional strategy. This is because the intersection of No. 28 and No. 29 is adjacent and more 

than 3 kilometers from the intersection without platform. Therefore, the two intersections are relatively 

independent in the entire transportation network. If a new platform is added at junction 28, the platform only needs 

to administer junctions 28 and 29. If a new platform is added at junction 29, the platform also only needs to govern 

intersections 28 and 29. Therefore, regardless of whether the platform is added at the intersection of No. 28 or 

No. 29, it has nothing to do with the jurisdiction of other platforms. The other platforms of the two schemes have 

the same jurisdiction. 

III. CONCLUSION 

This paper takes the emergency response system of a city to be built as a background, and it is studied how to 

properly allocate the jurisdiction of each platform in the case of a limited number of emergency response system 

platforms, in order to efficiently manage the city's transportation network consisting of 92 intersections and several 

roads, and quick response when an incident occurs. We use the Dijkstra algorithm, use MATLAB software to 

solve the shortest distance between the intersections. Based on these data, we established a single-target 0-1 

planning model and solved it with LINGO software, and obtained a distribution plan (See Table 1). This solution 

ensures that every intersection can get the response of the platform in the shortest time. In order to solve the 

problem that the platform has too long response time and uneven workload in some areas, we establish a dual-

objective 0-1 programming model and optimize it, and solve the global optimal solution using LINGO software 

(See Tables 2, 3, 4 and 5 for specific solutions). For the case where the global optimal solution is not unique, we 

have analyzed and found that this phenomenon is determined by the distribution of intersections in the traffic road 

network and the connection of the roads. 

The model established in this paper can be promoted: Due to the low time complexity of the Dijkstra algorithm, 

the time complexity of the Dijkstra algorithm after heap optimization is only |𝐸| + |𝑉|log|𝑉|[9] (𝐸 is the number 

of edges of the network, and 𝑉 is the number of nodes). Therefore, the model established by the first question can 

be used to solve the shortest path problem with similar but large scale. The two-objective planning model 

established in the second question of this paper can also be applied to many problems such as logistics 

management, factory site selection and so on. 
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