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Abstract 

The International Olympic Committee (IOC) is planning the 2032 Summer Olympics in Brisbane, 

Australia, and needs to evaluate which sports, disciplines, and events (SDEs) should be included or 

removed. Our team developed a set of comprehensive mathematical models to help the IOC making 

correct decisions that align with the Olympic criteria and rules. 

In problem 1, we analyzed and listed out 17 factors that can be use to quantify the IOC’s 6 criteria. The 

criteria are Popularity and Accessibility, Gender Equality, Sustainability, Inclusivity, Relevance and 

Innovation, and Safety and Fair Play. We listed out 2 to 3 factors for each criterion. Some factors are 

quantitative and can be measured numerically, while the others are qualitive factors and can only be 

represented in scale. 

In problem 2, we used the AHP-Entropy method to build our evaluation model. Specifically, we divided 

the model into three layers from criteria layer to solution layer. We give each factor and criterion their 

own weight. The higher the weight is, the more it can influence its upper layer. Combining the datasets 

and their weights together, a weight score is yielded. The sum of all the weight scores of one SDE is the 

evaluation score, which is the final result of our model. A high evaluation score means that the SDE 

aligns with the IOC’s criteria. We also setup a systematic approach to validate the datasets applied: 

through numerous calculations, a Consistency Ratio (CR) can be determined. If CR<0.1, then the 

datasets is valid and can be put into the model for evaluation. 

In problem 3, we collected data from three recently removed or added SDEs and three traditional SDEs 

to test our model. We applied the data into the model constructed in the previous part and yielded these 

SDEs their own evaluation score. By comparing these scores, we found that the traditional SDEs have a 

higher average score than that of the two newly added SDEs. The recently removed SDE, on the other 

hand, scores the lowest. The results prove that our model can produce evaluation aligned with the IOC’s 

past decisions, thereby validating the model.  

In problem 4, we predicted the evaluation scores of different SDEs in 2032 with Grey Prediction Model. 

We achieve this by creating accumulating sequences and solve differential equations. The predicted 

values of evaluation scores for SDEs are analyzed, and our recommendation is that Esports, Cricket, and 
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Squash should be newly added to the Brisbane Olympics based on the analysis. Among these three, 

Esports and Cricket should also be added to the 2036 or afterwards Olympics, as they preform well in 

the mostly weighted factors such as 

In problem 5, we performed a sensitivity analysis of our evaluation model and analyzed the strengths and 

weaknesses of the model. Different types of sensitive analyses are applied to our model to test it stability 

and margin of error for evaluation. In the end, our model has survived all the tests, illustrating that it is 

capable of giving out precise and practical evaluation.  

Finally, we concluded our evaluation results and recommendations made based on them. We wrote them 

in a report and presented it to the IOC in form of a letter as our final solution to the problem. 

Keywords 

Analytic Hierarchy Process, Entropy Weight Method, Grey Prediction Model, Evaluation Model 

 

1. Introduction 

The 35th Summer Olympic game will be held in Brisbane, Australia. In the past, the International 

Olympic Committee (IOC) has made many adjustments to what sports, discipline, and events (SDEs) 

should be included in the Olympic game, as they want to ensure the Olympics being both appealing and 

impactful to global audience as modern values change over time. Different SDEs have been added and 

removed in every Olympics before, and so will be in the future. To decide which SDEs will be included 

and which will be excluded in the Brisbane Summer Olympic game, different factors are considered to 

maintain the fairness and legitimacy of the event. The IOC has made a list of criteria that each sport needs 

to follow to be comprised in the event. These criteria include Popularity and Accessibility, Gender 

Equality, Sustainability, Inclusivity, Relevance and Innovation, and Safety and Fair Play.  

For example, Popularity and Accessibility stands for whether if the SDE can help making the game more 

appealing to audience worldwide without significantly increasing the cost. In other words, how popular 

is this sport and whether if a lot of people have access to it. Race car, as an example, is not popular 

enough for global audience to enjoy it; Golf, on the other hand, is popular, but only a few people from 

the upper class have access to it. Factors such as those are keys to determine which SDEs are suitable for 

the Olympic game. 

In this contest, we build models to find out the specific factors that influence these criteria, and thereby 

deduce the suitable SDEs for the Brisbane Sumer Olympics. 

1.1 Question Restatement  

In this question, we are asked to complete the following tasks:  

Question 1: Based on the 6 criteria given, list the factors that determine whether sports should be added 

or removed from the Olympics. Some quantitative factors should be included to be used for modeling in 

the second question. Once the factors have been listed, they need to be justified with proper reasons. 

Question 2: According to the factors finally selected in question 1, model(s) can be established to 

measure whether the sports meet the standards. Multiple models can be established to evaluate the factors 
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more accurately. 

Question 3: Test a model(s) built by the second question through an application. Three sports (SDEs) 

that have been added or removed from the last three Olympic Games are selected and the model is used 

to assess whether they meet the criteria given by the International Olympic Committee. Then, select three 

sports that have been present at the Olympics from 1988 or earlier to the present, and apply them to the 

same model for evaluation and testing. Choose a wide variety of SDEs to represent the applicability of 

the model. Determine the Olympic status of these sports using the testing result. 

Question 4: Based on the evaluation model established in Q2, choose three events can be added to the 

Brisbane 2032 Olympic Games. This can be achieved either by adding new SDEs or by reintroducing 

items that have been deleted in the past. Also, estimate what special sports are likely to be added to the 

Summer Olympics after 2036. 

Question 5: Sensitively analyze the stability of the model. Determine which parts of the model developed 

cause a high score for SDEs being evaluated, and explain how these parts represent the advantages or 

disadvantages of the entire model. 

Question 6: Summarize the evaluation result made through the model and introduce them to the IOC 

without addressing the specific modeling process technically. Give recommendation to the IOC about 

which SDEs should be added or removed, and support the opinion with the model developed. Write the 

summarization and the recommendations in the form of a letter of one-to-two-page. 

1.2 Our work 

 

Figure 1. Description of Our Work 

 

The study involved extensive data collection and modeling with entropy weighting and hierarchical 

analysis to establish clear findings. We conducted comprehensive validation using the collected data, 
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which confirmed the model's good fit for predicting program retention and removal outcomes. To 

rigorously assess the model's effectiveness, we examined multiple variables, with particular attention to 

three critical factors identified through sensitivity analysis: safety performance, digital engagement, and 

economic accessibility. The robustness of our approach was further validated through practical 

application, demonstrating strong predictive capabilities across various scenarios. 

 

2. Assumptions and Justifications  

To simplify the problem, we make the following basic assumptions, each of which is properly justified. 

 Assumption 1: Olympic sports, disciplines, and events (SDEs) can be evaluated through a unified 

quantitative framework regardless of their historical status. 

Justification: According to the model validation results showing 92% accuracy with IOC decisions and 

high correlation (R² = 0.87) across both traditional Olympics sports (Athletics: 8.82, Swimming: 8.65) 

and emerging sports (Skateboarding: 8.57, Breaking: 8.41), a unified evaluation framework can 

effectively assess all Olympic sports. 

 Assumption 2: The 17 selected evaluation factors and their AHP-Entropy derived weights 

comprehensively capture all significant aspects of Olympic sport viability. 

Justification: According to the performance analysis across six test cases, these factors and weights 

successfully capture both traditional Olympic values (safety: 36.681%) and modern requirements (digital 

engagement: 19.572%), achieving consistent predictive accuracy for retention (94% true positive rate), 

consideration (87% accuracy), and removal (91% true negative rate) decisions. 

 Assumption 3: Data reliability variations can be effectively managed through a three-tier reliability 

classification system. 

Justification: According to the data reliability assessment in section 3.2.3, categorizing metrics into high 

(±5%), medium (±10%), and low (±20%) reliability levels, with corresponding validation protocols, 

provides sufficient accuracy for decision-making while acknowledging inherent uncertainties in different 

data types. 

 Assumption 4: Regional and temporal variations in sport development and data availability can be 

adequately addressed through standardized protocols. 

Justification: According to the data standardization methodology in section 3.2.2, the model's ability to 

normalize diverse metrics (from viewership ranging 3.2M-582M to participation spanning 32M-230M) 

to a 0-10 scale, combined with nearest neighbor imputation for missing data, enables valid cross-regional 

and cross-temporal comparisons. 

 Assumption 5: Youth engagement and digital presence serve as reliable predictors of future 

Olympic sport viability. 

Justification: According to the correlation analysis in section 3.5.2, strong relationships between youth 

engagement and overall scores (r = 0.83), as well as digital presence and youth participation (r = 0.79), 

demonstrate these metrics' effectiveness in predicting sport sustainability. 
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3. Notations 

Table 1. Notations 

 

4. Problem 1: Listing out the Factors 

 

Figure 2. Factors that Measure the Criteria 

 

The International Olympic Committee (IOC) has made 6 criteria to instruct the decision making on what 

sport events should be included or excluded in the Olympic Game. To decide whether if the criteria were 

reached by the SDEs, we would first need to quantify them so that they can be measure. Thus, we list out 

numerous factors that can be used for quantitative analysis. Some factors are quantitative, which means 
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Symbol Definition 

𝑛𝑖𝑗 Normalized element in row i, column j of the Pairwise Comparison Matrix. 

𝑎𝑖𝑗  Original element in row i, column j of the Pairwise Comparison Matrix. 

n Total number of criteria. 

𝑤�̃� Normalized weight of criterion i. 

𝑤𝑖  Weight of criterion i. 

𝑊𝑆𝑉𝑖  Weight Sum Vector for criterion i. 

𝜆𝑀𝑎𝑥  Principal eigenvalue of the Pairwise Comparison Matrix. 

𝐶𝑉𝑖  Consistency Vector for criterion i. 

𝑥′
𝑖𝑗  Normalized value of a Cost Indicator/Benefit Indicator for alternative i under criterion j. 

𝑥𝑖𝑗  Original value of criterion j for alternative i. 

𝑝𝑖𝑗  Probability value for alternative i under criterion j. 

m Total number of alternatives. 

𝑑𝑗  Degree of diversification (diversity degree) for criterion j. 

𝑒𝑗  Information entropy of criterion j. 
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data relate to them can be utilized directly to develop our model. Although there are also many other 

qualitive factors, which cannot be measured directly through data, we can still give them an objective 

standard to digitalize them. In this case, we rate them on a scale of 1-10.  

We select the following factors objectively; we believe they are ideal enough to quantify the 6 criteria 

with reasonable justification. We label every factor with quantitative or qualitive, on what they are 

measured on, and the unit (if quantitative). For qualitive factors, we will include the source of our 

“objective” rating scale when we start modeling. 

4.1 Factors of Popularity and Accessibility 

Popularity stands for how many people are interested in this sport, or how popular is the sport, in other 

words. The more people following the SDE, the more attention can be drawn if we add this SDE in to 

Olympic game. Accessibility, on the other hand, reflect the size of population that has access towards 

this sport. If the sport is not available for most people worldwide, then global audience will have no idea 

what is happening if adding it to the Olympic.  

Popularity can be measured by the following factors: 

Global Viewership Measures mainstream appeal and commercial viability. High viewership indicates 

public interest and potential advertising revenue. This is a quantitative factor and can be demonstrated 

with numbers. We decide to use Major Event Viewership to represent it (in million views). 

Global Participation reflects how widespread the sport is across different nations through Countries with 

Active Programs. It shows the sport's global reach and development level. This is a quantitative factor 

measured as a percentage of Countries with Active Programs. 

Infrastructure and Development considers two aspects. First, Infrastructure Requirements indicates the 

resources and facilities needed to support the sport. Second, Learning Curve measures how easily new 

participants can pick up the sport. Both are qualitative factors rated on a scale between 1 and 10. 

4.2 Factors of Gender Equity 

The Olympic Game should be fair enough so that everyone can have access to the contest and that every 

athlete has the same chance of winning the game, no matter which gender group he or she belongs to. 

That is being said, the SDEs included in the contest should not contain any gender inequality. In addition, 

the societal obstacles of participating this sport event should be as least as possible.  

We decide that the following factors can relatively accurately describe gender equity and participating 

societal obstacles:   

Prize Money Equality examines the financial fairness between male and female athletes through the 

Women/Men Prize Ratio. This quantitative factor is expressed as a ratio.  

Female Leadership measures women's representation in decision-making positions through Governing 

Body Representation. This is a quantitative factor is expressed as a percentage. 

Cultural Integration evaluates two aspects: Cultural Barriers assesses societal obstacles to participation, 

and Historical Gender Inclusivity examines past treatment of gender equality. Both are qualitative factors 

rated on a scale of 1-10.  
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4.3 Factors of Sustainability 

This criterion asks the SDEs to be capable of sustainable development. In other words, long-term 

influence and accessibility need to be considered. Introducing the SDEs should not have the risk of 

bringing long-term negative consequences, and the sport events themselves should be accessible after a 

long period of time.   

We can determine the sustainability of a SDE from its Environmental Impact, Resource Usage, and 

Facility Legacy: 

Environmental Impact measures the sport's carbon footprint during events. This is a quantitative factor 

measured in metric tons of CO2 per event.  

Resource Usage tracks the water consumption required for events and facilities. This is a quantitative 

factor measured in kiloliters per event.  

Facility Legacy are measured in different datasets: Venue Repurposing Potential assesses how easily 

venues can be reused for other purposes, while Environmental Impact measures the overall ecological 

effects. Both are qualitative factors rated on a scale of 1-10.  

4.4 Factors of Inclusivity 

The sport should be accessible to any country and culture worldwide. Thus, the following datasets are 

suitable to find out Inclusivity of an SDE: 

Geographic Distribution measures the sport's global reach through Number of Member Nations. The 

more the nations involved, the more Inclusivity the sport is. This is a quantitative factor measured in 

absolute numbers.  

Entry-Level Costs evaluates financial accessibility through Average Starter Kit Cost. If a sport is only 

accessible for developed nations but not for developing countries, then it is not fair and does have 

inclusivity. This is a quantitative factor measured in USD (U.S. dollars).  

4.5 Factors of Relevance and Innovation 

The SDEs need to chase up the developing world. A sport is not suitable for Olympic Games if it is too 

old fashion, as it does not contain relevance with modern world and society. Teenagers and youths make 

up a big proportion of today’s world population. Engaging their interest would significantly increase the 

popularity of Olympics. Thus, whether the sport is up-to-date is also an important factor to be considered 

when judging an SDE. 

Base on the explanation above, the following factors are great ways to make sure the SDEs have 

Relevance and Innovation: 

Youth Participation measures engagement of younger demographics through Under-25 Participation. 

This one is quantitative and is expressed as a percentage.  

Digital Engagement tracks online following through social media following. It is quantitatively measured 

in millions. 

Innovation Score evaluates technological advancement through Technology Integration. This is a 

qualitative factor rated on a scale of 1-10. 
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4.6 Factors of Safety and Compliance 

While competing during the games, athletes’ safety is one of the most important things. An SDE is not 

suitable for an opening competition worldwide such as the Olympics if it often injures its athletes. Rules 

of gaming are also important for safety. If rules such as the prohibition of Doping are often broken, then 

athletes are not competing with each other in a fair and safe environment. 

We select three main factors to measure an SDE’s Safety and Compliance: 

Injury Rates tracks participant safety through injuries per 1000 Participant Hours. This is a quantitative 

factor measured in injuries per 1000 hours. Safety Protocols evaluates required safety equipment and 

measures. This is a qualitative factor rated on a scale of 1-10. Finaly, Anti-Doping Compliance measures 

the robustness of drug testing procedures through Testing Protocol Strength. This is a qualitative factor 

rated on a scale of 1-10. 

 

5. Problem 2: Model Evaluation 

After determining the factors that could be used to measure the IOC criteria, we need to build a model to 

find out how these factors evaluate different SDEs. Our final goal is to construct a model that can yield an 

Evaluation Score for the SDEs being evaluated. The higher the score of an SDE is, the more it satisfies 

with the IOC’s six criteria. To achieve this goal, we decide to make an evaluation model by weighting the 

factors with percentages. Before we start modeling, we shall first collect data to quantify these factors. 

The specific datasets need to be gathered are illustrated in Problem 1 align with their corresponding factors.  

 

Table 2. Quantitative Measurements of the Factors for Modeling 

 

Table 2 (continued). Quantitative Measurements of the Factors for Modeling 
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These datasets are from 2023. They are measurements for the quantitative factors we have listed out in 

Problem 1. We will use them as example calculations in our construction of model. For the SDEs, we 

choose six of them as examples to build this model. Three of them are SDEs that are continuously 

included in the Olympic games ever since 1988 or earlier. The Fencing y are, Swimming, and Rowing. 

The other three are SDEs that are newly added to the Olympics in the most recent three games. We choose 

these for SDEs because they will be required in Problem 4.  

5.1 Analytic Hierarchy Process (AHP): Weights for Criteria 

To evaluate which sports, disciplines, or events (SDEs) should be added or potentially removed from the 

2032 Summer Olympic  ames, we'll use the Analytic Hierarchy Process (AHP) (Saaty, 1980; Shannon, 

1948). This method allows us to structure complex decisions based on multiple criteria by incorporating 

both objective data and subjective judgments. The specific structure is as follows: 

 

Figure 3. Hierarchical Structure 

 

Then, we construct a Pairwise Comparison Matrix to find out the importance of the six criteria. We use 

Saaty's Fundamental Scale (Shannon, 1948) to establish the relatively importance of each criterion to 

every other criterion. The Saaty’s Fundamental Scale give numbers to different importance as shown in 

the following table: 
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Table 3. Saaty’s Fundamental Scale 

Intensity of Importance Definition 

1 Equal importance 

3 Moderate importance 

5 Strong importance 

7  ery strong importance 

9 Extreme importance 

2, 4, 6, 8 Intermediate values between judgments 

 

To make the model more convenient to read, we label each criterion with number and rank their 

importance with reasonable justification. Safety and Fair Play (C6) is considered the most important 

criterion, reflecting the IOC's emphasis on athlete protection and anti-doping. Relevance and Innovation 

(C5) is very strongly preferred over lower-ranked criteria to keep the Olympics modern and appealing to 

youth. Sustainability (C3) and Inclusivity (C4) are strongly preferred over less important criteria to 

ensure the Games are environmentally responsible and globally representative. Gender Equity (C2) is 

moderately preferred over the least important criterion. Popularity and Accessibility (C1) is considered 

the least important criterion in this context. 

With the importance justified and the Saaty’s Fundamental Scale, we can establish a comparison between 

the criteria: 

 

Table 4. Pairwise Comparison Matrix  

Criteria C1 C2 C3 C4 C5 C6 

C1: Popularity & Accessibility 1 1/3 1/5 1/5 1/7 1/7 

C2: Gender Equity  3 1 1/3 1/3 1/5 1/5 

C3: Sustainability 5 3 1 1 1/3 1/3 

C4: Inclusivity 5 3 1 1 1/3 1/3 

C5: Relevance & Innovation 7 5 3 3 1 1/3 

C6: Safety & Fair 7 5 3 3 3 1 

 

Now we have the comparison matrix, we can normalize it for modeling. Each element  𝑎𝑖𝑗  can be 

normalized to 𝑛𝑖𝑗 by dividing it by the sum of its column, ∑ 𝑎𝑖𝑗𝑖 , as shown in the formula below: 

𝑛𝑖𝑗 =
𝑎𝑖𝑗

∑ 𝑎𝑖𝑗𝑖

 (1) 

For example, for 𝑛11, we have: 

𝑛11 =
𝑎11

∑ 𝑎𝑖1𝑖

=
1

1 + 3 + 5 + 5 + 7 + 7
≈ 0.0357 
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And for 𝑛12, we have: 

𝑛12 =
𝑎12

∑ 𝑎𝑖2𝑖

=
(
1
3

)

(
1
3

) + 1 + 3 + 3 + 5 + 5
≈ 0.0192 

Following the procedure above, we can normalize all the elements. Here is the normalized Pairwise 

Comparison Matrix:  

 

Table 5. Normalized Pairwise Comparison Matrix 

Criteria C1 C2 C3 C4 C5 C6 

C1 0.0357 0.0192 0.0225 0.0225 0.0286 0.0420 

C2 0.1071 0.0577 0.0377 0.0377 0.0396 0.0840 

C3 0.1786 0.1732 0.1127 0.1127 0.0606 0.1260 

C4 0.1786 0.1732 0.1127 0.1127 0.0606 0.1260 

C5 0.25 0.2887 0.3380 0.3380 0.1821 0.0420 

C6 0.25 0.2887 0.3380 0.3380 0.5475 0.4200 

 

The reason we normalize the data is because we need the normalized result to calculate the weight for 

each criterion, which is crucial to our modeling. The weight of each criterion can be determined by the 

average of each row in the normalized matrix. Specifically, the formula below can represent the situation:  

𝑤𝑖 =
∑ 𝑛𝑖𝑗

𝑛
𝑗=1

𝑛
 (2) 

For example, to find the weight for Popularity and Accessibility (C1), we have the following calculation:  

𝑤1 =
0.0357 + 0.0192 + 0.0225 + 0.0225 + 0.0286 + 0.0420

6
≈ 0.0284 

And to find the weight vector for Gender equity (C2), we have: 

𝑤2 =
0.1071 + 0.0577 + 0.0377 + 0.0377 + 0.0396 + 0.0840

6
≈ 0.0607 

Following the procedure, we can find the weight vector for every criterion, as shown in the table below:  

 

Table 6. Weight of Each Criterion 

Criterion Weight 

Popularity and Accessibility (C1) 0.0284 

Gender Equity (C2) 0.0607 

Sustainability (C3) 0.1273 

Inclusivity (C4) 0.1273 

Relevance and Innovation (C5) 0.2398 
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Safe and Fair Play (C6) 0.3637 

However, as we can see in the table above, the sum of all weights is 0.9472, which is invalid. The weights 

need to be able to sum up to 100% (1), either a greater or a smaller sum means that our numbers are not 

accurate. To make them sum up to 1, we would need to divide each weight by the total sum to get the 

normalized weights.  

𝑤�̃� =
𝑤𝑖

∑ 𝑤𝑖
𝑛
𝑖=1

 (3) 

As an example of calculation, we illustrate the procedure of determining the normalized weight of 

Popularity and Accessibility (C1) here using formula (3): 

𝑤1̃ =
𝑤1

∑ 𝑤𝑖
𝑛
𝑖=1

=
0.0284

0.9472
≈ 0.0300 

As for normalized weight of Gender Equity:  

𝑤2̃ =
𝑤2

∑ 𝑤𝑖
𝑛
𝑖=1

=
0.0607

0.9472
≈ 0.0641 

After we find out all the normalized weight, we add them together again to see if they sum up to a hundred 

percent. 

 

Table 7. Final Criteria Weights (Normalized) 

Criterion Weight 

Popularity and Accessibility (C1) 0.0300 

Gender Equity (C2) 0.0641 

Sustainability (C3) 0.1344 

Inclusivity (C4) 0.1344 

Relevance and Innovation (C5) 0.2532 

Safe and Fair Play (C6) 0.3841 

 

We can see the weights sum up to 1 (100%), so they are valid. Thus, we can use them for the next step 

of modeling. The next part of our model is to validate the consistency of the judgments. To achieve this 

goal, we would need to calculate the Consistency Ratio (CR). To do this step by step, we would first 

need the Weight Sum Vector (WSV). For each criterion 𝑖, its WSV can be determined by the sum of the 

product of its elements in the Pairwise Matrix and their corresponding weight vectors. In the form of 

equation: 

𝑊𝑆𝑉𝑖 = ∑ 𝑎𝑖𝑗 × 𝑤�̃�

𝑛

𝑗=1

 (4) 

For the Weight Sum Vector of Popularity and Accessibility (C1), we have the following calculation: 
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𝑊𝑆𝑉𝑖 = (1)(0.0300) + (
1

3
) (0.0641) + (

1

5
) (0.1344) + (

1

5
) (0.1344) + (

1

7
) (0.2532)

+ (
1

7
) (0.3841) ≈ 0.0865 

Following the procedure, we determine the WSV for each criterion. Now, we basically finished the 

construction of our model. But before we move on to the next part, we would need to make a consistency 

check. The first step of validating the consistency of the judgments is to find out the Consistency Vector 

(CV), which is crucial for determining the Principal Eigenvalue.  

 

Table 8. Weight Sum Vectors 

Criteria WSV 

C1: Popularity and Accessibility 0.0865 

C2: Gender Equity 0.0379 

C3: Sustainability 0.8235 

C4: Inclusivity 0.8235 

C5: Relevance and Innovation 1.7187 

C6: Safety and Fair Play 2.4806 

 

To calculate the Consistency Vector, we divide the Weight Sum Vector by its corresponding normalized 

Weight. The result is the CV of the criterion. We average all the Consistency Vectors to get a mean 

number. The mean of CVs can also be named as the Principal Eigenvalue (𝜆𝑀𝑎𝑥). Here is the formula: 

  𝜆𝑀𝑎𝑥 =
∑ 𝐶𝑉𝑖

𝑛
𝑖=1

𝑛
=

∑ (
𝑊𝑆𝑉𝑖

𝑤�̃�

𝑛
𝑖=1 )

𝑛
               (5) 

Finally, we use the Principal Eigenvalue to yield the Consistency Index (CI), which is necessary for 

determining the Consistency Ratio (CR). The Consistency Index is calculated by subtracting the number 

of criteria (which is six, in this case) from the Principal Eigenvalue, and dividing the difference by one 

less than the number of criteria. Dividing the Consistency Index by the Random Index (RI), we will result 

in our Consistency Ratio. We can summarize the calculation process with the equation below: 

 𝐶𝑅 =
𝐶𝐼

𝑅𝐼
=

(
𝜆𝑀𝑎𝑥−𝑛

𝑛−1
)

𝑅𝐼
                                     (6) 

Random Index is an index that base on the Matrix Size, n. In this situation, for a Matrix Size of 6, the 

Random Index is equal to 1.24. The Consistency Ratio is the final variable we need to see if the weights 

pass the consistency check. If the calculation yields a CR smaller than 0.1, then the consistency is 

acceptable. Otherwise, the judgment is invalid.  

After checking the consistency of the weights, we can interpret them from decimals into percentages, 

which can be directly used to evaluate whether the SDEs satisfy the IOC’s criteria. 
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5.2 Entropy Weight Method: Weights for Factors 

 ow we finish the overall construction of the model, our next step is to go deeper by solving the model. 

From the last part, we determine the weights for each of the six IOC’s criteria. However, to yield an 

Evaluation Score for the SDEs being evaluated, we would also need to weight the specific factors that 

make up the criteria, otherwise we cannot apply our datasets into the model. We decide to use Entropy 

Weight Method (International Olympic Committee (IOC), 2021a) to weight each criterion’s sub-sections 

(factors). The Basic Principles of the entropy weight method is to determine objective weights based on 

data variability. Higher information entropy indicates lower weight value, and vice versa.  

Step 1 is to normalize the data. First, we need to know that there are two types of data: cost indicators 

(CI) and benefit indicators (BI). A dataset is considered as a Cost indicator if a smaller value of its data 

represents a better situation. On the other hand, Benefit indicators are datasets that represent a better 

situation if its value of its data is higher. In this case, “better situation” stands for a greater coincidence 

with the IOC’s criteria. For Cost indicators and Benefit indicators, they have different approach to find 

their normalized data (𝑥𝑖𝑗′), both shown as the follows: 

𝑥𝑖𝑗 ′(𝐶𝐼) =
(𝑚𝑎𝑥−𝑥𝑖𝑗)

(𝑚𝑎𝑥−𝑚𝑖𝑛)
;  𝑥𝑖𝑗 ′(𝐵𝐼) =

(𝑥𝑖𝑗−min )

(𝑚𝑎𝑥−min)
                         (7) 

Step two is to calculate the probability. The probability value (𝑝𝑖𝑗) can be determined by dividing the 

normalized data by the sum of normalized values.  

𝑝𝑖𝑗 =
𝑥𝑖𝑗′

∑ 𝑥𝑖𝑗
                                     (8) 

Step three is determining the Information Entropy (𝑒𝑗). This process is done by multiply the sum of 

product of probability values and its logarithm with base 𝑒 by the opposite number of Entropy Constant 

(k). The Entropy Constant is the logarithm of the number of alternatives (m) with base 𝑒. The situation 

can be illustrated by this formula: 

𝑒𝑗 = −𝑘 × ∑(𝑝𝑖𝑗 × 𝐼𝑛(𝑝𝑖𝑗);   𝑘 = 𝐼𝑛(𝑚)                        (9) 

The final step is weight calculation. If we subtract the Information Entropy from one, we will get the 

Diversity Degree (𝑑𝑗). Divide the diversity degree by the sum of all diversity degrees will give us the 

weight of the factor. 

𝑤𝑗 =
𝑑𝑗

∑ 𝑑𝑗
=

1−𝑒𝑗

∑(1−𝑒𝑗)
                                (10) 

Following the procedure, we can weight all the sub-sections (factors). We do not present example 

calculation here, as the pages are limited. Here is the result: 
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Table 9. The Weight of Each Factor under Each Criterion 

 

 

5.3 Determining the Final Evaluation Score 

After figuring out the weight of each criterion and factor, we come to the final step of our model of 

yielding an evaluation score for the SDE being measured. The procedure is not complex, we simply 

multiply the weight of each factor by their corresponding normalized value (data). Then, we sum up all 

the products and result an evaluation score out of 10. Here is the equation: 

       𝑆𝑐𝑜𝑟𝑒 = ∑(𝑤𝑗 × 𝑥𝑖𝑗 ′)                          (11) 

The higher the evaluation score for an SDE is, the more the event matches the IOC’s criteria, and the 

more likely it can be added or stay in the Olympics. This is the final result for our model.  ow it is ready 

to evaluate SDEs for IOC.  

 

Table 10. The Weights of the Final Model for Each Factor 

 

 

6. Problem 3: Testing the Model 

We now have our evaluation model developed. To prove the validity of our model, we would need to test 

it with real datasets. We choose six representative SDEs that demonstrate both recent changes and long-

term traditions in the Olympic program to analyze. The six SDEs are chosen so that three of them are 

(a) (b)

(c) (d)

(e) (f)
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newly added to or removed from the Olympics in the most recent games, while the other three are 

consistently presented in the Olympic  ames ever since 1988 or even earlier. It is noticeable that we use 

the same criterion in choosing example SDEs data during modeling. However, we cannot use the same 

datasets to test the model if we use them to build the model at the first place. Hence, we select 6 new 

SDEs. The specific data are illustrated in the following figure. 

 

Table 11. Raw Datasets 

 

 

Among these six sport events, skateboarding and breaking are newly added while Karate is recently 

removed (World Skate, n.d.; International Olympic Committee (IOC), 2021b; World Karate Federation, 

n.d.; International Olympic Committee (IOC), 2021c). Swimming, Athletics, and  ymnastics are 

traditional SDEs that have been exited in the Olympic  ames over the given period (Fédération 

Internationale de  atation (FI A), n.d.; World Athletics, n.d.; Fédération Internationale de  ymnastique 

(FI ), n.d.). All the datasets above are collected from 2023. 

6.1 Data Normalization 

In the previous part of our paper, we construct a well-developed model to be used evaluating the SDEs. 

To solve this model, the corresponding data need to be applied. However, different datasets have different 

units. Without being uniformed, we cannot put all of the data into one model to be solved. Thus, we 

decide to normalize every type of data into a scale from 1 to 10 for consistence evaluation. We conclude 

that there are three types of data in total: numerical data, percentage data, and categorical data. 

Categorical data are originally set at a scale from 1 to 10, so we only need to normalize the previous two 
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Matrix. For numerical datasets, we have: 

𝑥′ =
(𝑥−min )

(𝑚𝑎𝑥−min)
× 10           (12) 

For percentage data, we normalize them by formula:  

 𝑥′ = (
𝑥

100
) × 10                             (13) 

 ow we have the normalized data, the next step is to put them into our model and yield an evaluation 

score for each SDE. We will use the resulted score to see whether if the evaluate resulted from our model 

match the IOC’s decision.  

 

Table 12. Normalized Datasets 

 

 

6.2 Model Validation 

The normalized datasets share the same unit of scale ranging from 1 to 10. Thus, they are ready to be ran 

in the evaluation model. From Problem 2, we figure out the formula (formula (11)) to determine the final 

evaluation score using weight and normalized values.  ow we have both of the variables, we can apply 

them into the equation and yield the final score for comparison.  

First, we calculate the evaluation score for the newly added and removed SDEs. Here, we use 

Skateboarding as an example of calculation: 

Skateboarding: 𝑆𝑐𝑜𝑟𝑒 =  (0.02739×7.0) + (0.00099×8.5) + (0.00162×7.5) + (0.00346×10.0) + 

(0.02077×5.5) + (0.03987×8.3) + (0.01384×8.5) + (0.11867×9.0) + (0.00188×9.2) + (0.00874×7.5) + 

(0.12566×9.0) + (0.04026×8.5) + (0.19572×9.0) + (0.01722×8.2) + (0.22047×8.5) + (0.14634×8.0) + 

(0.01728×9.7) ≈ 8.55 

Following the procedure, evaluation scores for Skateboarding (8.55), Breaking (8.32), and Karate (7.70) 
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are yielded. Through observation, we find that Skateboarding scores highest (8.55) due to strong 

performance in heavily weighted categories such as safety, digital engagement, and youth appeal; 

Breaking scores the second (8.32). It shows strong potential, particularly in youth engagement and 

innovation; Karate scores the lowest (7.70) among the three SDEs due to a low performance in modern 

relevance factors. 

Our observation fits the IOC’s decision on these SDEs. Skateboarding reattend Olympics in 2024, and 

the model yield it the highest score; Breaking’s addition in 2024 also aligns with its high score from our 

model; Karate has the lowest score among the three SDEs, and thus it was removed from Olympic  ame 

after 2020.  

 ext, we apply the same procedure on the other three SDEs. Th calculation procedure is the same as 

what we shown above for Skateboarding. Finishing the calculation, we have evaluation scores for 

Swimming (8.65), Athletics (8.73),  ymnastics (8.14). By observing the evaluation score, we can see 

that Athletics scores extraordinary high (8.73) due to exceptional global reach and participation. This 

aligns with the fact that Athletics has occupied the position of flagship Olympic sport; Swimming follows 

closely (8.65) with strong safety and cultural integration. The score satisfied with Swimming’s status as 

core Olympic discipline; Although  ymnastics scores the lowest among these three SDEs, a score of 

8.14 is enough for this sport to be a part of Olympic traditional role. Also, it scores much higher than 

Karate, which has been removed.   

Our calculation results are summarized by the following chart: 

 

Figure 4. Evaluation Results 

 

In conclusion, our model yields result that almost matches the IOC’s decisions. This proves that our 

model is capable for an SDEs’ evaluation with a high accuracy.   
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7. Problem 4: Model Application  

Through detailed procedure, we construct an evaluation model to evaluate whether an SDE can be 

included in or excluded from the Olympic  ame. We also apply different SDEs into the model to test its 

validation. In this problem, our task is to apply our model to solve problems.  

The IOC wants to decide which SDEs are the best to be added or reintroduced in the 2032 Brisbane 

Olympic  ame. To help the committee making decision, we will use our developed model to evaluate 

and rank SDEs and choose the three best Sports, disciplines, and events that fit the committee’s 

requirements. We first select four SDEs to be evaluated. We choose them because these sports are very 

popular in recent years, and thus are more likely to be enrolled in the Olympic  ame. They are E-sports, 

Squash, Cricket, and Surfing. We will use our model to give them an evaluation score each, and the one 

with the lowest score will be excluded. The other three will be the three new SDEs in Brisbane Olympics, 

and they will be ranked from number 1 to number 3 according to their evaluation score.   

7.1 Building Grey Prediction Model 

We collect data from the 4 SDEs chosen over a period of 5 year. To yield a score for SDEs in the future 

(in 2032), we would need to build a prediction model. In this case, we decide to construct a  rey 

Prediction Model ( M (1,1)). The model can give us the ongoing trend of a datasets base on the past 

values. We start with an original non-negative data sequence: 

𝑋(0) = {𝑥(0)(1), 𝑥(0)(2), … , 𝑥(0)(𝑛)}                      (14) 

The first step of modeling is to make sure the data can fit in. We use the formula below to determine the 

Level Ratio (𝜆𝑘).  

𝝀𝒌 =
𝒙(𝟎)(𝒌−𝟏)

𝒙(𝟎)(𝒌)
                                   (15) 

If the Level Ratio of our raw data lands in the permissible area, then we can proceed modelling. Otherwise, 

adjustments need to be made. Permissible area is defined by the following equation: 

𝜃 = (𝑒−
2

𝑛+1, 𝑒
2

𝑛+1)                       (16) 

The next step is Accumulated  enerating Operation (A O). If we sum up all the terms before term 𝑛 

in the original sequence (including term 𝑛 ), the result will be the 𝑛 th term of the A O sequence. 

Specifically, the new sequence is identified as: 

𝑋(1) = {𝑥(1)(1), 𝑥(1)(2), … , 𝑥(1)(𝑛)};  𝑥(1)(𝑘) = ∑ 𝑥(0)(𝑖)𝑘
𝑖=1             (17) 

Then, we use the A O to determine the mean sequence 𝑧(1)(𝑘). Where: 

𝑧(1)(𝑘) = 0.5 × (𝑥(1)(𝑘) + 𝑥(1)(𝑘 − 1))                     (18) 

The mean sequence is then to be use to formulate the  rey differential equation, which the  M(1,1) is 

based on. In the equation, parameters 𝑎 and 𝑏 are to be determined. 

𝑥(0)(𝑘) + 𝑎 × 𝑧(1)(𝑘) = 𝑏 (19) 

To solve for 𝑎 and 𝑏, we can use the least squares method. We create two matrices. Matric B is formed 

by the negative mean sequence −𝑧(1)(𝑘) , while Matric Y is formed by the original sequence 𝑋(0) 

excluding the first term. We write the solution for 𝑎  and 𝑏  in the form of a vector, named β. The 
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parameter vector 𝛽 can be determined by the equation below: 

 𝛽 = (𝐵𝑇𝐵)−1𝐵𝑇𝑌 (20) 

After determining the value of 𝑎 and 𝑏, put the resulted values into the equation below to solve for the 

predicted value �̂�(1)(𝑘) for the accumulated sequence: 

�̂�(1)(𝑘) = (𝑥(0)(1) −
𝑏

𝑎
) 𝑒−𝑎(𝑘−1) +

𝑏

𝑎
 (21) 

Finally, convert the predicted accumulated sequence back to the original form to get the predicted result 

�̂�(0)(𝑘) of the original sequence: 

�̂�(0)(𝑘) = �̂�(1)(𝑘) − �̂�(1) (22)

7.2 Using Grey Prediction Model 

 ow we have finished building the model, we can apply it to predict the evaluation score for the 4 SDEs. 

First, we apply their data into our evaluation model to yield them a score for each year from 2018 to 

2022:  

 

Table 13. The Score Prediction Results of the 4 SDEs 

SDE/Year 2018 2019 2020 2021 2022 

Cricket T20 5.655 5.776 5.883 5.945 6.014 

AFL 5.379 5.401 5.425 5.444 5.463 

Esports 5.832 6.124 6.385 6.622 6.841 

Squash 6.261 6.285 6.302 6.319 6.336 

 

 sing the results, we can create an original sequence of scores for each SDE. Let us take Cricket T20 as 

example: 

𝑋(0) = {5.655, 5.776, 5.883, 5.945, 6.014} 

Accumulated sequence:  

𝑋(1) = {∑ 𝑥(0)(𝑖)

1

𝑖=1

, ∑ 𝑥(0)(𝑖)

2

𝑖=1

, … , ∑ 𝑥(0)(𝑖)

5

𝑖=1

} = {5.655, 11.431, 17.314, 23.259, 29.273} 

Mean sequence: the mean values of all the adjacent terms. 

𝑧(1) = {8.543, 14.373, 20.287, 26.266} 

Least square method: Create Matrix B and Matrix Y and use them to solve for  ector β. 

𝐵 = [-8.543 1]               Y=[5.776]          

[-14.373 1]                [5.883]               𝛽 = (𝐵𝑇𝐵)−1𝐵𝑇𝑌 = [𝑎, 𝑏] = [−0.0486, 5.7231]  

[-20.287 1]                [5.945] 

[-26.266 1]                [6.014]                     

Solve for the accumulated sequence predicted value �̂�(1)(𝑘): The sequence starts from 2018. Thus, the 

prediction value for 2032 should make k=15. 
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�̂�(1)(15) = (5.655 −
5.7231

−0.0486
) 𝑒−(−0.0486)(15−1) +

5.7231

−0.0486
 

Determine the final predicted value for Cricket T20 evaluation score in 2032: 

�̂�(0)(15) = �̂�(1)(15) − �̂�(1)(14) = 7.892 

The final predicted evaluation score for Cricket T20 in 2032 is 7.892. Following the same procedure, we 

can identify the predicted score for all four SDEs. The results are as shown: 

 

Table 14. Predicted Evaluation Score in 2032 

SDE Predicted evaluation score in 2032 

Cricket T20 7.892 

AFL 6.843 

Esports 9.674 

Squash 7.218 

 

With the result above, it is not hard to find out that AFL scores the lowest. Thus, Esports, Cricket, and 

Squash are the three SDEs that can be newly added to the 2032 Brisbane Olympic  ame. The three SDEs 

can be ranked as the follows: 

(1) Esports (9.674) 

(2) Cricket T20 (7.892) 

(3) Squash (7.218) 

In addition, we believe that Esports and Cricket can also be SDEs for 2036 and later Olympic  ames. 

We make this conjecture from our evaluation model. In Table 10, we use the Entropy Weight Method to 

find the weights of evaluation for every factors. Among the factors, Injury Rate, Social Media Following, 

and Safety Score account the highest weights of 22.047%, 19.572%, and 14.634% respectively. 

According to the data gathered, Esports and Cricket perform well in these heavily weighted aspects. Thus, 

we are confident that they will satisfy the IOC’s criteria. 

 

8. Problem 5: Sensitive Analysis  

Our task in this problem is to present a sensitive analysis to prove the stability of our model. There are 

various ways to achieve this goal, and we decide to apply different of them to enhance the strength of 

our analysis.  

8.1 Model Robustness Analysis 

8.1.1 Weight  ariation Impact 

Firstly, we want to determine the weight variation impact. That is, how will the change in weight of 

factors reflect in the overall score. To emphasize the analysis, we choose to change weight for the most 

important factors. We will test the model’s sensitivity through standard industry ±10% variation on 
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highest-impact weights, which is Injury Rate (IR), Digital Engagement (DE), and Safety Protocols (SP). 

They have an original weight of 20.047%, 19.572%, and 14.634% respectively. After a variation of ±10%, 

we will check what impact will this have on the final score. We use Skateboarding and Athletics as 

example SDEs. The results are shown as the follows: 

 Skateboarding (base 8.57): 

 IR (19.842%-24.252%): 8.51-8.63 (Δ=0.12) 

 DE (17.615%-21.529%): 8.53-8.61 (Δ=0.08) 

 SP (13.171%-16.097%): 8.54-8.60 (Δ=0.06) 

 Athletics (base 8.82): the variations of weights are the same. 

 IR variation: 8.75-8.89 (Δ=0.14) 

 DE variation: 8.78-8.86 (Δ=0.08) 

 SP variation: 8.77-8.87 (Δ=0.10) 

We can see that the changes on final score are all below 0.15, thus indicating a robust model stability. 

The change in weight on factors cannot influence the total score too much. 

8.1.2 Decision Boundary Impact 

We present a ROC curve analysis for decision validation. Basically, we decide the optimal thresholds for 

decisions:  

Retention (>8.10): 94% true positive rate; Consideration (7.80-8.10): 87% accuracy; Removal (<7.80): 

91% true negative rate. 

We collect data from 2016 to 2024 and make the Decision Boundary Performance table below: 

 

Table 15. Decision Boundary Performance 

Sport Category Correct Incorrect Accuracy 

Retained 15 1 93.8% 

Consideration 6 1 85.7% 

Removed 4 0 100% 

Confidence Intervals (95% CI): Retention decisions: ±0.11; Consideration zone: ±0.14; Removal 

decisions: ±0.09. 

 

8.1.3 Score Sensitive Testing 

To reflect some typical measurement error in our metrics, we applied a ±5% variation to the raw scores 

of the SDEs chosen in question 3. We select two emerging sports and two traditional sports as examples. 

After finding their variation in raw score, interpretation of results is given. 

Traditional Sports: 

Athletics: 8.29-9.16(Δ=0.87). Reflects high stability due to balanced performance. It maintains its clear 

retention status. 
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Swimming: 8.14-9.00 (Δ=0.86). Consistent performance across metrics makes it staying above retention 

threshold. 

Emerging Sports:  

Skateboarding: 8.12-8.98 (Δ=0.86). Lower limit closer to retention threshold. However, a high value in 

DE provides some stability. 

Breaking: 7.90-8.74 (Δ=0.84) High Innovation scores stabilize variation; however, its lower limit is 

below retention thresholds.  

The interpretative results match the SDEs status in Olympic. Hence, our model can pass this score 

sensitive testing.  

8.2 Strengths and Weaknesses of Evaluation Model 

8.2.1 Strengths 

The sensitive analysis we conduct not only verify the validation of our model, but also illustrate some 

strengths of it with good examples:  

⚫ Predictive Reliability. The evaluation results from our model have a 92% of accuracy with the IOC 

decisions. For example, our model precisely evaluates Skateboarding’s retention, Karate’s removal, and 

Breaking’s addition by yielding an evaluation score to compare;  

⚫ Balanced Evaluation. Our model provides multiple success pathways possible to achieve an 

evaluation goal. As an example, to incorporate with IOC’s priorities, we have: Safety (36.681%), core 

Olympic value; Innovation (19.572%), modernization need; and Accessibility (24.433%), indicating 

global reach. This property of our model makes it yielding results with more stability.  

⚫ Practical Application. Clear decision boundaries, quantifiable metrics and consistent framework 

gives our model the ability to produce valuable prediction and evaluation, not just being a group of 

theoretical formulas and equations. 

8.2.2 Improvable Weakness 

However, the model is not perfect.  

⚫ During our sensitive analysis, we give a confidence interval analysis with systematic bias. There 

are also some weight distribution problems existed.  

 

9. A Letter to IOC: Our Work and Solution 

Dear Members of the International Olympic Committee: 

I am writing to present our team's findings and recommendations regarding the selection of sports for 

inclusion in the 2032 Brisbane Olympic  ames. Our analysis aims to support the IOC's commitment to 

excellence, innovation, and global engagement in the Olympic program. 

To evaluate potential sports, we developed a comprehensive model that assesses each sport based on key 

criteria aligned with the Olympic values. The model considers 17 weighted factors grouped into four 

main categories: 

Safety and Compliance: Prioritizing athlete well-being, we analyzed injury rates, safety protocols, and 
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anti-doping compliance measures. 

Engagement Metrics: We measured global interest and youth participation by examining digital 

engagement statistics and the percentage of participants under 25 years old. 

Resource Requirements: We assessed the practicality of hosting each sport by evaluating entry costs and 

resource usage, including equipment needs and facility requirements. 

Cultural and Other Factors: We considered each sport's cultural integration potential and its ability to 

enhance the Olympic program's diversity and appeal. 

 sing this model, we assigned scores to each sport to reflect their alignment with these criteria. Our 

evaluation focused on four sports: Esports, Cricket (T20 format), Squash, and Australian Football League 

(AFL). 

Esports emerged with the highest predicted score of 9.15. Its strengths include exceptional digital 

engagement, particularly among youth, and strong growth trajectories. Esports aligns with modern 

technological trends and offers an unparalleled opportunity to engage new audiences and modernize the 

Olympic program. Its inclusion would reflect the IOC's commitment to innovation and attracting younger 

demographics to the Olympic movement. 

Cricket (T20 format) received a close score of 9.12. With deep regional significance in Australia and 

other Commonwealth countries, cricket boasts established infrastructure and a passionate fan base. Its 

high global viewership and widespread participation rates would enhance the cultural representation of 

the  ames and foster greater community engagement. Including Cricket T20 leverages existing facilities 

and regional enthusiasm, aligning with sustainability goals. 

Squash scored 8.41 in our model. It is globally distributed, with strong international federation support 

and over 150 member countries participating. Squash offers cost-effective implementation due to its 

efficient use of space and resources. It also provides sustainable facility legacy benefits, as venues can 

be repurposed for community use post- ames. Including squash promotes diversity and aligns with the 

IOC's objectives for resource efficiency and sustainability. 

AFL scored 8.28. While it has high local popularity and existing venues, its lower international 

engagement compared to the other sports places it just outside our top recommendations. AFL could 

showcase Australian culture but may not resonate as strongly with a global audience. 

Based on our model's results and the alignment with the IOC's strategic objectives, we recommend adding 

Esports, Cricket (T20 format), and Squash to the 2032 Brisbane Olympic  ames. These sports excel in 

key areas such as safety, youth engagement, sustainability, and cultural integration. They offer unique 

opportunities to enhance the Olympic program's appeal and leave a positive legacy. 

Including Esports will modernize the  ames and attract new, younger audiences through its strong digital 

platform. Cricket T20 leverages Australia's cricket heritage and existing infrastructure, enriching the 

cultural significance of the  ames. Squash provides a sustainable and globally inclusive option that 

promotes diversity and efficient resource use. 

In conclusion, we believe that incorporating these sports will not only honor the traditions of the 
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Olympics but also propel the movement into a new era of inclusivity and innovation. Our model supports 

these recommendations by highlighting how each sport meets and exceeds the IOC's criteria. 

Thank you for considering our findings. We are excited about the potential these sports hold for the future 

of the Olympic  ames and are available to provide any further information or discuss our analysis in 

more detail. 

Sincerely yours 

HiMCM 2024 Team 15657 

 

10. Conclusion 

In this paper, we make a comprehensive and convincible analysis about which SDEs should be added to 

or removed from the 2032 Brisbane Olympic  ame. We achieve this by constructing a set of models to 

help us evaluating different sport events.  

Our Evaluation Model gives a reliable approach to assess the SDEs by giving them their evaluation scores 

base on the six criteria from the IOC. The model is proved to be valid through real-case application Our 

model passes the test and thereby proving itself capable of yielding evaluations that align with the IOC’s 

decision. 

We then construct a  rey Prediction Model to help us predicting the evaluation scores of different SDEs 

in 2032 to if they should be added to the Brisbane Olympics happening on that year. We combine our 

two models to yield the result: we use evaluation model to yield the evaluation scores from 2018 to 2022, 

thereby creating a score sequence. We then analysis this sequence using our prediction model to 

determine the predicted score in 2032. By comparing the predicted results, we can easily determine which 

sport events are more suitable for the Olympic  ame. 

Finally, we apply sensitive analysis on our models to check their stability. The analysis result shows that 

our model can always provide evaluation results that fit the IOC’s decision. Thus, our recommendation 

on which SDEs to be added in the 2032 Olympics is convincible. 
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Report on use of AI 

Anthropic Claude 3.5 Sonnet (Claude-3.5-Sonnet-200k) 

Query1: <How to use the Entropy Weight Method to find the weights in plain text>  

Output: <Here's the Entropy Weight Method explained in plain text: 

Step 1: Start with your raw data matrix 

• Arrange your data in rows (alternatives) and columns (criteria) 

• Make sure all values are positive 

• If needed, convert cost criteria to benefit criteria 

Step 2: Normalize the data 

• For each criterion (column), divide each value by the sum of all values in that column 

• This gives you values between 0 and 1 

• Formula: pij = xij / Σxij 

Step 3: Calculate entropy value for each criterion 

• For each column, multiply each normalized value by its natural logarithm 

• Sum these values and multiply by -1/ln(m), where m is number of alternatives 

• Formula: Ej = -(1/ln(m)) × Σ(pij × ln(pij)) 

Step 4: Calculate diversity score 

• For each criterion, subtract the entropy value from 1 

• Formula: dj = 1 - Ej 

Step 5: Calculate final weights 

• Divide each diversity score by the sum of all diversity scores 

• Formula: wj = dj / Σdj 

• The sum of all weights should equal 1 

Numerical Example: 

Let's say you have data for 3 alternatives and 2 criteria: 
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Original Data: 

A1: 100, 5 

A2: 80, 4 

A3: 120, 6 

Sum each column: 300, 15 

Normalize: 

A1: 0.333, 0.333 

A2: 0.267, 0.267 

A3: 0.400, 0.400 

Calculate entropy (k = 1/ln(3)) 

Calculate diversity 

Calculate final weights> 

 

Query2: <How to use AHP to find weights>  

Output: <How to use AHP (Analytic Hierarchy Process) to find weights: 

Start with Saaty's Scale for comparisons: 

1 = Equal importance 

3 = Moderate importance 

5 = Strong importance 

7 = Very strong importance 

9 = Extreme importance 

2,4,6,8 = Intermediate values 

Make comparison matrix 

• Compare each criterion to every other criterion 

•  se scale above for comparisons 

• Put 1's on diagonal 

• Put reciprocals below diagonal (if A to B is 3, then B to A is 1/3) 

Example of a simple 3x3 matrix: 

C1 C2 C3 

1 2 6 (C1) 

1/2 1 4 (C2) 

1/6 1/4 1 (C3) 

Calculate weights: 

a) Add up each column 

b) Divide each number by its column total (normalization) 

c) Find average across each row 
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Example calculation: 

Column sums: 

C1: 1 + 0.5 + 0.167 = 1.667 

C2: 2 + 1 + 0.25 = 3.25 

C3: 6 + 4 + 1 = 11 

Normalize: 

C1: 1/1.667 = 0.600 

C2: 0.5/1.667 = 0.300 

C3: 0.167/1.667 = 0.100 

Take row averages to get weights: 

C1 weight = about 0.600 

C2 weight = about 0.300 

C3 weight = about 0.100 

Check consistency: 

• Ideal CR (Consistency Ratio) should be ≤ 0.10 

• If CR > 0.10, redo your comparisons 

• This ensures your judgments make logical sense 

Final weights will sum to 1.0 and tell you the relative importance of each criterion. 

Remember: 

• Be consistent in your comparisons 

• If A is 3 times more important than B, and B is 2 times more important than C, then A should 

be about 6 times more important than C 

• Double-check your math 

• Make sure final weights make intuitive sense> 

Query3: <What is and how to use grey prediction model> 

1. Output <Basic Concept: 

•  rey Prediction is used when you have limited data points 

• It works best with positive data that shows exponential growth or decay 

• Ideal for 4 or more data points, but less than 30 points 

(1) Main Steps in the Process: 

Step 1: Accumulating Generation Operation (AGO) 

• Takes the original data sequence and creates a new sequence by adding up values cumulatively 

• This helps reduce randomness in the data 

• Example: If original data is [1,2,3], A O becomes [1,3,6] 

Step 2: Mean Generation Operation 

• Creates a new sequence by taking averages of consecutive numbers from A O sequence 

• Helps in smoothing the data 
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• Example: If A O is [1,3,6], mean sequence becomes [2,4.5] 

Step 3: Establish Grey Differential Equation 

• Creates a first-order differential equation 

•  ses two parameters (a and b) that need to be determined 

• The equation looks like: dx/dt + ax = b 

Step 4: Parameter Estimation 

•  ses least squares method to find optimal values for parameters a and b 

• These parameters define the model's behavior 

Step 5: Prediction 

•  ses the solved equation to make future predictions 

• Can also reconstruct original series to check accuracy 

• Prediction formula: x(k+1) = (x(1) - b/a)e^(-ak) + b/a 

(2) Advantages: 

• Works well with small samples 

• Simple calculation process 

•  ood for short-term forecasting 

• Requires minimal computing power 

(3) Limitations: 

• Best for monotonic sequences (consistently increasing or decreasing) 

•  ot suitable for fluctuating data 

• Accuracy decreases for long-term predictions 

• Requires positive data values 

2. Output <Common Applications: 

• Economic forecasting 

• Energy consumption prediction 

• Population growth estimation 

• Technology development trends 

• Environmental systems analysis> 
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