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Abstract 

In this paper, aiming at the selection of the optimal path through the desert, the Dijkstra 
algorithm is used to calculate the shortest path plan for each level map, and the node-
type simplified map is used to display each level. At the same time, the relevant schemes 
are set according to the conditions and maps in each level, and the linear programming 
is used to continuously simulate and back-substitute each scheme. With the help of the 
running results of MATLAB and Python, the analysis and comparison are carried, and the 
optimal path planning of checkpoints is given on this basis. 
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1. Introduction 

With the continuous development of the Internet, the method of using virtual simulation 
experiments to obtain the optimal strategy can greatly reduce the cost of trial and error and 
improve efficiency, which plays a vital role in improving people's living standards and 
production quality and so on. In a desert traversing game, due to the different map and 
parameter Settings for each level, there will be corresponding changes in the choice of optimal 
strategy for finishing the level.Therefore, what kind of path selection scheme is adopted and 
how to calculate and compare the path results are the key points that this paper needs to focus 
on. 

The data in this paper are mainly from the parameter setting and map level route provided in 
question B of the National College Students Mathematical Contest in Modeling in 2020, and the 
rest of the data are obtained through calculation and query. Crossing the Desert is a customs 
clearance game about optimal path selection under limited conditions. It is equivalent to the 
epitome of virtual simulation. Through continuous simulation experiments, we seek the 
optimal solution. Different from the virtual simulation, walking through the desert is presented 
in the way of game, which is more interesting. Therefore, the idea of selecting the optimal path 
through the desert can be well applied to the optimization of practical decision-making, which 
has a very strong practical reference significance. 

2. Basic optimal path solving  

2.1. Research idea 

In order to facilitate the study of the problem, this paper makes the following assumptions: (1) 
It is assumed that the weather conditions of players during the game are all sunny when the 
linear programming is carried out to find the optimal solution. (2) Never make a stopover in a 
single player game, except in a sandstorm or in a mine. (3) Since the end of the level handles 
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the leftovers at half the price of the starting purchase,therefore, given all known weather 
conditions,the player's consumption of water and food during the level is just right at the end 
of the level. 

2.2. Theoretical basis 

Solution principle of shortest road map theory: from a vertex, along the edge of the graph to 
another vertex through the path, A path with the smallest sum of weights on each edge is called 
the shortest path. The map given in the attachment is transformed into a nodal road map, 
neighboring nodes are constructed, and the neighboring nodes of each node are numbered. The 
minimum serial number to the target location is the time consumed by the shortest path. 

 
Figure 1. Shortest Route Map 

 

Dijkstra algorithm is used to find the shortest path similar to the starting point → end point, 
starting point → mine, mine → village, mine → end point and village → end point. 

According to the known conditions, we can get the final expression equation of the remaining 
amount: 

M = M0 − (5w0 + 10f0) + 1000x − 2(5w1 + 10f1)                                  (1) 

Among them,M0  is the initial capital of 10000 yuan,(5w0 + 10f0) is the cost of purchasing 
materials from the starting point,1000x is the income obtained from digging in the mine, x days, 
the daily income of 1000 yuan, the total income 1000x  yuan, 2(5w1 + 10f1)  is the cost of 
purchasing materials in the village. 

Because the final benefit amount is mainly affected by two major aspects: income and 
consumption. Therefore, we will analyze the optimal route through two ideas of "income 
maximization" and "consumption minimization".The constraint condition of the function is: 

(1) The initial amount of water purchased at the starting point can at least provide the 
consumption to reach the village. 

(2) The initial amount of food purchased at the starting point can at least provide the 
consumption to reach the village. 

(3) The total mass of the initial amount of water and food should not exceed 1200 kg. 

(4) The sum of the water remaining when arriving at the village and the water purchased in the 
village is equal to the water required for the remaining journey. 
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(5) The sum of the amount of food left over when arriving at the village and the amount of food 
purchased in the village is equal to the amount of food needed for the rest of the journey. 

(6) The maximum number of mining days is 16 days. 

In summary, the constraint function can be obtained as follows: 

{
 
 

 
 

𝑤0 ≥ 10 × 8 + 15𝑥 + 20
𝑓0 ≥ 14 × 8 + 21𝑥 + 28
3𝑤0 + 2𝑓0 ≤ 1200

𝑤0 − (10 × 8 + 15𝑥 + 20) + 𝑤1 = 30

𝑓0 − (14 × 8 + 21𝑥 + 28) + 𝑓1 = 42
𝑥 ≤ 16

 

Solve the results of linear programming model through Python. 

2.3. Research process and results 

In the first level, there are three route choices. First, in the first plan, 42 boxes of water and 38 
boxes of food need to be purchased at the starting point, and the final remaining amount is 9410 
yuan. The optimal path strategy of plan two requires a total of 232 boxes of water and 194 boxes 
of food, and the final remaining amount is RMB 7900. The optimal path strategy of the third 
plan is to dig for three days in the mining. 231 boxes of water and 215 boxes of food are needed, 
and the final remaining amount is 8655 yuan. To sum up, the shortest path from the beginning 
to the end is the optimal path for the first level, and the final remaining fund is 9410 yuan. 

In the second pass, there are still three schemes. In the first scheme, 166 boxes of water and 
158 boxes of food are needed from the start point to the end point, and the final remaining 
amount is 7590 yuan. The optimal strategy in the second scheme is the path from the starting 
point to the mine (30) and then to the end point, with the maximum remaining fund of 8795 
yuan. The third scheme is divided by two mines and two villages to produce four combinations. 
After continuous simulation and substitution, it is concluded that the starting point -- mine (30) 
-- village (39) -- end point is the optimal customs clearance strategy, and the final remaining 
fund is 9715 yuan. To sum up, the optimal clearance strategy for the second pass is the starting 
point of the third plan -- mine (30) -- village (39) -- the end point, and the final remaining fund 
is 9715 yuan. 

3. Optimal path solution under restricted conditions 

3.1. Research idea 

 Since there are two situations,and one is all the weather conditions are known, each player's 
action plan needs to be made before the start of the game.The other is players only know the 
weather conditions for the day and know the rest of the players' action plan and their remaining 
money at the end of the day. Players have the same starting fund in both situations.Therefore, 
Dijkstra algorithm was used to determine the shortest path of each scheme. Meanwhile, players 
all followed the principle of taking the shortest route and not repeating the route as far as 
possible, so as to ensure the minimum consumption and maximum benefit. In order to analyze 
the problem more accurately, the mathematical model of linear programming is adopted to 
compare and analyze the operating results. 

3.2. Theoretical basis 

(1) Given all the known weather conditions, there are three possible routes the two men could 
take: 

①Both men went straight from the beginning to the end; 

②One of them passes through the mine, and the other goes from the beginning to the end; 
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③Both men passed through the mine to reach the destination; 

The Dijkstra algorithm is used to solve the shortest path of the fifth level, which is the same as 
the shortest path graph theory in problem 1.In each case, taking the shortest, non-repetitive 
route for two people will cost the least and yield the mostBased on this, we can basically 
determine the walking route in three situations: 

①1,5,6,13 and 1,4,7,12,13/1,5,6,13 and 1,4,6,13; 

②1,5,6,13 and 1,2,3,9,10,13 (Here 1,2,3,9,10,13 and 1,4,3,9,11,13 do not have section repeat 
with 1,5,6,13, the situation is the same); 

③1,2,3,9,10,13 and 1,4,3,9,11,13/1,2,3,8,9,10,13 and 1,4,3,9,11,13. 

To make it easier to describe and analysis the model, let's call two players A and B. 

By calculating, we choose the way with the lowest comsumption. Since there is a five-day 
journey from the mine to the start point and from the mine to the end point, the maximum 
number of days a or b has been working in the mine is 5. The specific process is analyzed 
according to the calculation, and the optimal scheme is finally found out, and the total amount 
of the final remaining amount is obtained. 

𝑀𝐴 = 𝑀𝐵 +𝑀𝐶                                                                      (2) 

Finally, the route ①, the route ②, the route ③ are compared to get the best final remaining 
total amount of the scheme. 

(2) For the weather conditions of the day only known, the number of sandstorm days in 30 days 
according to the conditions of the question is less, and the number of days with sandstorm 
weather is assumed less than 3. Since the player only knows the weather on that day, consider 
the worst case scenario where a sandstorm occurs for 3 days during the player's walk and the 
rest is hot.The daily dynamic data was then used to predict other players'action plan the next 
day, and the one with the most money left was selected from the feasible plans that did not meet 
other players. 

The exact way players choose depends on the mathematical models of game theory: 

①Participants in the game: players S1, S2, S3; 

②The set of strategies available to each participant (a finite set) : the choices available to the 
player in each lot. 

③For all possible strategy combinations chosen by the players,each player obtains the 
interests in a 3-player game ,Si  are used as the strategy space that the player i can choose, 
where any specific pure strategy is S, S∈Si. 

The ternary functionu1(S1, S2, S3), when the decision of n players are S1, S2, S3, represents the 
remaining funds function of the i-thplayer. 

When the game enters a stable state, the strategy chosen by the players must be the optimal 
response to the established strategies of the other players. In this state, no one is willing to 
deviate from the current situation alone. This situation is called Nash equilibrium: in a standard 
game G = {S1, S2, S3: u1, u2, u3}  with 3 players, if the strategy combination {S1 ∗, S2 ∗, S3} 
satisfys each player i , Si ∗  is the optimal response strategy of {S1 ∗, S2 ∗,⋯ , Si−1 ∗, Si+1 ∗
,⋯ , S3 ∗} ,the target strategy combination {S1 ∗, S2 ∗, S3 ∗} is the Nash equilibrium of the game. 
That is: u1{S1 ∗, S2 ∗,⋯ , Si−1 ∗, Si ∗, Si+1 ∗,⋯ , Sn ∗} ≥ {S1 ∗, S2 ∗, Si−1 ∗, Si ∗, Si+1 ∗,⋯ , S3 ∗}  is 
true for all s∈Si. 

The mixed strategy sets of the three players are: 

X = {(x1, x2, …… xn)
T|xi ≥ 0,∑ xi

n
i=1 = 1}                                              (3) 

Y = {(y2, y2, …… yn)
T|yi ≥ 0, ∑ yi

n
i=1 = 1}                                              (4) 

Z = {(z1, z2, …… zn)
T|zi ≥ 0,∑ zi

n
i=1 = 1}                                               (5) 

The strategies used by the players are x ∈ X,y ∈ Y,z ∈ Z. 
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3.3. Research process and results 

(1) The optimal path for the first case: 

Route ①, no matter Party B goes to A or B, the final remaining amount is the same: 

𝑀Total = 20000 −（490 + 600） = 18910𝑦𝑢𝑎𝑛                                  (6) 

Route ②, B to the mine to dig a day of mine. Final remaining amount: 

𝑀Total = 20000 − 490 − 710 = 18800𝑦𝑢𝑎𝑛                                      (7) 

Route ③, we order both A and B to go to the mine to dig the mine. If both take the shortest path, 
A and C will travel together in the distance from location 3 to the mine. This partr analyzes the 
three modes of "A moves forward while B waits", "A moves forward in the shortest path while 
B takes a detour" and "A and B move forward in the shortest path together". 

It has been previously proved that the maximum number of mining days for A is 5, 
therefore,according to the date and map, and try to control the mining time to avoid the high 
temperature weather, the daily position table of A and B on 5,4,3,2,1,0 days of mining A is 
calculated as follows: 

Table 1. Mining Conditions 
 Date 0 1 2 3 4 5 6 7 8 9 10 

A dig for 5 days 
Location A 1 4 3 9 9 9 9 9 9 11 13 
Location B 1 2 3 3 3 3 3 3 9 11 13 

A dig for 4days Location A 1 4 3 9 9 9 9 9 11 13  
 Location B 1 2 3 3 3 3 3 9 9 11 13 

A dig for 3 days Location A 1 4 3 9 9 9 9 11 13   
 Location B 1 2 3 3 3 3 9 9 9 11 13 

A dig for 2days Location A 1 4 3 9 9 9 11 13    
 Location B 1 2 3 3 3 9 9 9 9 11 13 

A dig for 1 days Location A 1 4 3 9 9 11 13     
 Location B 1 2 3 3 9 9 9 9 9 11 13 

A dig for 0 days Location A 1 4 3 9 11 13      
 Location B 1 2 3 9 9 9 9 9 9 11 13 

 

According to the table data, if the route of Party A and Party B begins to repeat from the 8th day 
after A mining for 5 days , it can be known from the above proof that 5 days of mining is not the 
best way. Similarly, in the case of 0 days of A mining, compared with the route ②, there are 
more paths and more mining in high temperature weather. Therefore, 0 days of A mining is not 
the optimal way. 

In the following, we analyze 4,3,2 and 1 days of A mining respectively. According to the weather 
conditions and the materials consumed in the corresponding weather, the final conclusion was 
that one day of mining A was the optimal method, while B has been mining for two days . The 
position table is as follows: 

 

Table 2. Table of best practices 
 Date 0 1 2 3 4 5 6 7 8 9 10 

A dig for 1 days 
Location A 1 4 3 9 9 11 13     
Location B 1 2 3 3 9 9 9 11 13   

 

It can be concluded that: 

M = 20000− 875 + 200 − 1415 + 400 = 18310yuan                            (8) 

For the optimal path in the second case, it comes down to the linear programming problem and 
the matrix is solved by game. Thus, the optimal path scheme is as follows: 

1,2,7,8,13,18,19,14,13,18,19,24,25. 
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4. Inspection 

Lingo was used to test and conduct sensitive analysis of the linear regression model established 
in Question 1, and to analyze the influence of parameter changes on the optimal solution of the 
model: 

max=10000− (𝟓𝐰𝟎 + 𝟏𝟎𝐟𝟎) + 𝟏𝟎𝟎𝟎𝐱 − 𝟐 × (𝟓𝐰𝟏 + 𝟏𝟎𝐟𝟏)                        (9) 

Analyze the effect of 𝐰𝟎, 𝐟𝟎, 𝐱,𝐰𝟏 , 𝐟𝟐 on the objective function 𝐦𝐚𝐱. 

 

 
Figure 2. Sensitivity analysis result chart 

 

Thus, the first level and the second level optimal solutions are respectively: 

{
 
 

 
 
𝐰𝟎 = 𝟐𝟎𝟔. 𝟖𝟗𝟔𝟔
𝐟𝟎 = 𝟐𝟖𝟗. 𝟔𝟓𝟓𝟐
𝒙 = 𝟔. 𝟕𝟗𝟑𝟏
𝐰𝟏 = 𝟑𝟎. 𝟎𝟎𝟎𝟎
𝐟𝟏 = 𝟒𝟐. 𝟎𝟎𝟎𝟎

and 

{
 
 

 
 
𝐰𝟎 = 𝟐𝟎𝟔. 𝟖𝟗𝟔𝟔
𝐟𝟎 = 𝟐𝟖𝟗. 𝟔𝟓𝟓𝟐
𝒙 = 𝟖. 𝟒𝟓𝟗𝟕𝟕𝟎
𝐰𝟏 = 𝟑𝟎. 𝟎𝟎𝟎𝟎
𝐟𝟏 = 𝟒𝟐. 𝟎𝟎𝟎𝟎

                                           (10) 

At this time, the Max values were 11762.07 and 13388.74 respectively, which were consistent 
with the optimal solution and the maximum remaining funds obtained from the model solution, 
indicating that the optimal plan was correctly decided. However, the reduced cost value of each 
parameter is 0, which indicates that the variation of each parameter has almost no influence on 
the optimal solution result of the model. 
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