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Abstract – In order to accurately and effectively predict the team's champion, based on the historical data of a 

basketball league for nearly ten years, the least squares method is used to fit the data of each team in a basketball 

league firstly, which precisely simulates the process of the game and effectively predict the team's champion, also it 

evaluates the objective stability of the team's competitive level. Secondly, using the MATLAB to triangulate the 

relevant team data and simulated annealing to optimize the subjective stability of the team's competitive level. 

Because the model established in this paper has good rationality, stability and simple validity, it also has reference 

value for other similar sports events in a degree. 
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I. INTRODUCTION 

The annual Chinese Men Basketball Professional League (CBA) is the highest-level basketball league in 

China sponsored by the China Basketball Association. It attracts a large number of fans to visit every year, and 

the fans' enthusiasm is especially higher in the final stage. So making accurate predictions for the champion will 

not only play a important role in stimulating the economic development of the gaming industry, but also provide 

the team suggestions for the development in the future by analyzing the key factors.  

Recently, there have been many related experts and scholars who have researched basketball predictions and 

champion factors. In 2010, Qiu [3] and others, using the NBA regular season data, researches the factors 

affecting the team's promotion and predicting the team's promotion by statistical analysis. And combining the 

head coach and the home and away factors, the Logistic model and the Bayes discriminant model are 

established. In 2012, Pan [4] compared the winners and losers of the 2009-2010 NBA regular season, explored 

the main factors affecting the result of the game, analyzed the differences between the main and away games, 

and the game results were predicted by the discriminant classification function which was established by Fisher 

discriminant analysis. In 2017, Chen [5] and others used principal component analysis to reduce the factors that 

may affect the team's successful promotion, then used Logistic regression to reduce the main components and 

special factors of the dimension, and consequently established the NBA finals prediction model. In 2018, Yang 

[6] adopted literature review and video observation to summarize and analyze the factors that led to the champion 

of a basketball club, and provided suggestions for the team construction of CBA teams. 

With the background of CBA, this paper combines its historical data to predict the season champion and 

analyzes the factors of winning the champion, which can play a certain role in promoting the development of 

CBA. 
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II. DATA COLLECTION AND DATA ANALYSIS 

With the continuous development of CBA, it has developed into more than 20 teams. The CBA League is 

divided into two phases, the regular season and the playoffs. Assumed that there are 14 teams (in alphabetical 

numbers) participating in the competition, each of which must have a win or loss. In this paper, the following 

rules are formulated with reference to the current CBA rules: 14 teams participate in the regular season, and 

each team will play 2 teams with other 13 teams in the regular season, one will be played at home and the other 

will be on the road, namely that each team played a total of 26 games in the regular season. And win team gain 2 

points, negative team gain 1 point. After the regular season, according to the score of each team, the top four 

directly promoted to the playoffs, the latter two directly eliminated. Ranked 5-12 team will took the 5th, 6th, 

7th, and 8th playing against to the 12th, 11th, 10th and 9th respectively (the match-up rules were also adopted in 

the playoffs). Using the three-game two-win system, and the four winners were promoted into the playoffs. In 

the quarter-finals of the playoffs, the five-game three-win system was adopted and the winner advanced. In the 

semi-finals and finals, the seven-game four-win system was adopted. The semi-final winners competed for the 

champion and the losers competed for 3th place. 

This article collects about 100 historical score data of each team through the relevant data website, and 

predicts the champion under the premise that the data can reflect the current competitive level of the team, the 

referee's penalty is fair, the player's health status and the personnel structure remain stable. 

Taking the horizontal axis as the historical field and the vertical axis as the scoring data, the competitive level 

image of each team has been drawn. 

According to the image, the score data fluctuated greatly, and there was no obvious law. Then, use the least 

squares method to fit the given data desiring to find the law of the data. By fitting the toolbox using the 

MATLAB least squares method, the resulting image is fitted as follows: 

 

Fig. 1. Least squares fitting of team data. 

According to Figure 1, we found that the scores of each team's fitted scores were less volatile, and the team's 

competitive level remained stable in nearly 100 games. If only depends the average level of the team as the basis 

for determining the outcome, a high-level team will certainly defeat the low-level team. In fact, in addition to 

relying on the team's own level, the results of the game are closely related to other factors such as home and 

away conditions, tactical arrangements, and competition excitement. These factors are interrelated and affect the 

outcome of the game. In order to comprehensively consider the multivariate effect, the simulation game method 

is used to simulate the process of the regular season and the playoffs and predict the team's champion. 
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III. MODEL ESTABLISHMENT AND SOLUTION 

A. Champion Prediction 

The simulation process is based on the rules of the competition set out above. 

The key to whether the simulation results have reference significance lies in whether the simulation process 

can well reflect the actual competition situation. We used the following methods to determine the outcome of 

the two-team rivalry: 

if: 

𝑂𝑖 > 𝑌𝑗 

O wins over Y, otherwise Y wins over O. 

𝑂 = 𝐴, 𝐵, 𝐶 … 𝑁 

𝑌 = 𝐴, 𝐵, 𝐶 … 𝑁 

𝑖 = 1,2,3 … 𝑂𝑚𝑎𝑥 

𝑗 = 1,2,3 … 𝑌𝑚𝑎𝑥  

Among them, O, Y is the two sides of a game, Oi is the i score of team O, Yj is the j score of team Y, and 

Omax, Ymax is the total data of team O and team Y, respectively. In the simulation process, i, j is randomly 

selected. 

When using MATLAB to simulate, the results of one simulation are too accidental to be of reference 

significance. While the simulation times are set to 100 times, 1000 times, 10,000 times, 50,000 times and 

100,000 times respectively, it is found that the simulation results are basically the same when the simulation 

times are more than 10,000 times. The following table shows the results of 10,000 runs (approximately 13 

seconds) and 100,000 runs (approximately 120 seconds), and each run is from the first game of the regular 

season to the end of the last game of the playoffs. 

 

Fig. 2. The simulation results of 10 thousand times. 
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Fig. 3. The simulation results of 100 thousand times. 

According to the formula： 

𝑃𝑋 =
𝑁𝑋

𝑁0

 

𝑋 = 𝐴, 𝐵, 𝐶 … 𝑁 

(1) 

The probability of each team winning the championship can be calculated, where X represents the team, PX is 

the probability of team X winning the championship, NX is the number of team X winning the championship, and 

N0 is the total number of simulated matches. 

Table 1. Probability of each team winning the champion (based on 100,000 simulations). 

Each team's probability of winning the champion 

A B C D E F G 

0.005% 5.673% 14.878% 2.740% 0.015% 1.579% 0.296% 

H I J K L M N 

2.994% 0.129% 0.965% 0.850% 29.599% 0.145% 39.132% 

According to the ranking of these probabilities, the probability of each team winning the championship is 

ranked in descending order as follows: N, L, C, B, H, D, K, F, J, G, M, I, E, A 

Team N is most likely to win the champion next season. 

B. Stability Analysis 

No one can predict a certain team will win the championship next season completely accurately, because 

there are many uncontrollable factors affecting the championship, any factor changes will have a certain impact 

on the final results. Therefore, it is necessary to analyze and compare the stability of each team's competition 

level. 

The stability of a team's competitive level should include the following two aspects: 

(1) Objective stability, that is the stability played in the process of confrontation. 

(2) Subjective stability, that is the stability of the team itself. 

For (1), Using the least square fitting result of scoring data of each team in question 1, we judge the stability 

of each team in the process of competition by the following formula: 
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Q =√
1

𝑀
∑ (𝑋1𝑖−𝑋2𝑖)

2𝑀
𝑖=1  (2) 

Where X1i represents the value of the ith data of team X, X2i represents the value of the ith data after fitting 

and M represents the total data of team X. 

Take the data of 14 teams into the above equation, and the results are as follows: 

Table 2. Stability of each team. 

Objective stability of the team 

A B C D E F G 

2.9733 2.5189 3.1684 3.3247 1.1645 2.6964 2.8186 

H I J K L M N 

2.8786 1.9696 2.3803 2.5840 2.4029 2.0442 2.1150 

According to table 2, it can be concluded that the objective stability of 14 teams in descending order is : E, I, 

M, N, J, L, B, K, F, G, H, A, C, D. 

For (2), it can be seen from figure 1 that the scoring data of teams fluctuates greatly, but the overall result is 

similar to a periodic function. The triangular Fitting of MATLAB Curve Fitting Tool toolbox has a better Fitting 

effect on the periodic function, so it can be used to fit the scoring data of each team. 

When using the triangulation function of the toolbox, each actual influencing factor should correspond to a 

trigonometric function item. However, there are too many factors influencing the results to fit, so it is necessary 

to evaluate which factors have a greater weight and determine the number of items. Based on the actual CBA 

game data over the years, we selected seven important indicators through qualitative analysis, including the 

number of shots, the percentage of shots, the average number of rebounds per game, the number of assists, the 

number of turnovers, the number of steals, and the number of fouls. Therefore, the number of terms of the fitting 

function is determined to be 7. 

The score of the team was set as the dependent variable y, and the number of games of the team was set as the 

independent variable x. The formula after fitting was as follows: 

y = a1sin(b1x + c1) + a2 sin (b2x + c2) +a3 sin (b3x + c3) +a4 sin (b4x + c4) + 

a5 sin (b5x + c5) + a6 sin (b6x + c6) +a7 sin (b7x + c7) 

(3) 

Where a, b and c with subscript are coefficients to be fitted. 

In order to further improve the fitting effect, simulated annealing algorithm is adopted for optimization. 

The basic idea of simulated annealing algorithm: when a solid is heated to a higher temperature, its internal 

energy will rise, and the inter-molecular movement will become disordered. Placed in a natural environment, it 

will automatically cool down, internal energy will drop, and the inter-molecular movement will be gradually 

orderly, and finally reach thermal balance with its surrounding environment. However, if the cooling time is 

slow enough, it can be considered to be in thermal balance at any time. Although the whole physical system 

developed toward a state of low energy, the molecular thermal movement disrupted the balance. Therefore, we 

https://www.baidu.com/link?url=xPCiwARRc7NN7jMPe6uy1pdCGNnayzanPr4GxcuqoOs84I8bIU3bKIQ9-MGADDPtU9Eui_Yxa6mzHTWe4Hl4zk2UwKE7yAOnl-5RL4BnW_3&wd=&eqid=c657fcce00113dc9000000035d4c2003
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adopted Metropolis criterion, that is, we set the internal energy from state i to state j as Siand Sj respectively, and 

if the new state is Si< Sj, we regard j as the new state, and if not, we accept state j with probability P. 

𝑃 = 𝑒
−(𝐸𝑗−𝐸𝑖)

𝑘𝑇  (4) 

Where Ei and Ej are internal energy of i and j, k is boltzmann constant, and T is temperature. 

Basic steps of simulated annealing: 

1. Let T = T0, which is the initial temperature of the annealing algorithm. We use the coefficients of the 14 

teams ai, bi, ci obtained by the Curve Fitting Tool toolbox to form a matrix X0 of 21*14, and obtain the 

corresponding evaluation function value S: 

S = √
∑ (Xi

M
i=1 − yi)

2

M
 (5) 

 y = ∑ xj sin(x(j+1)x + x(j+2))j=1,4,7,10,…,19  (6) 

Where y is the function to be optimized for each team, xj, x(j+1), and x(j+2) are the coefficients to be optimized, 

respectively corresponding to the previous a1, b1, c1, and M are the total data of the team. The number of Xi is 

the ith data of team X, and yi is the fitting value of the ith data of team X. 

2. Let T be equal to the next cooling value Ti. 

3. According to the current solution Xi, give a perturbation, and generate a new solution Xj, then calculate the 

corresponding objective function value S(Xj), and obtain ΔS = S(Xj)-S(Xi). 

4. If S(Xj) <S(Xi), the new solution Xj is accepted as a new solution; if S(Xj) >S(Xi), the new solution Xjis 

accepted by e
−ΔE

Ti , and this the current temperature. 

5. At temperature T, repeat n times steps 3 and 4. 

6. Determine if T reaches Tx (Tx is determined by the actual situation), and if so, terminate the algorithm, 

otherwise go to step 2 to continue. 

The coefficient after simulation annealing is optimized, and the relationship between the fitted curve and the 

data scatter is as follows： 

 

Fig. 4. Scatter plot and fit curve. 
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After optimization by the simulated annealing algorithm, we use the evaluation function S given above to test 

the optimization. The S values for each team are as follows:  

Table 3. The value S of each team. 

The S-value of each team 

A B C D E F G 

0.0002 0.0205 0.0001 0.0338 0.0000 0.0001 0.0359 

H I J K L M N 

0.0002 0.0409 0.0001 0.0080 0.0001 0.0049 0.0001 

After clarifying the functional relationship of each team's score, it is necessary to judge the stability of the 

seven indicators that affect the team's performance. We use the following variance formula to judge: 

VAR= 
1

7
∑ (𝑎𝑖 − 𝐴𝑉𝐸)27

𝑖=1  (7) 

𝐴𝑉𝐸 =
1

7
∑ 𝑎𝑖

7

𝑖=1

 (8) 

 Substituting the data of 14 teams into the above formula, the results are as follows: 

Table 4. Subjective stability of each team. 

Subjective stability of each team 

A B C D E F G 

11.9222 19.8227 14.9010 14.3328 19.8369 18.1798 12.1533 

H I J K L M N 

15.8035 18.0617 33.8161 15.6597 23.2901 12.4473 18.6331 

According to Table 4, it can be concluded that the subjective stability of 14 teams in descending order are as 

follows: A, G, M, D, C, K, H, I, F, N, B, E, L, J. 

IV. CONCLUSION 

This article takes CBA as an example, based on the least squares method and through the simulation of the 

entire game process, predicts the champion effectively. The simulated annealing algorithm accurately evaluate 

the stability of the team, which greatly enhances the persuasiveness of the predicted team to win the 

championship. 

In addition, the model established in this paper is universal and can be extended to other similar sports events. 
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