The organizing committee of a large-scale sport event will provide a bonus, which will be a large
sum of money, to any players who break the world record. At the same time, the committee faces a
huge financial risk due to the uncertainty of the spending. An insurance company offers insurance to
protect the committee from the risk of having to pay the bonus. This paper targets at two major
problems, namely how to set the price of insurance and also how to decide whether the committee
should buy the insurance.
In the first model, this paper employs the Moving Average Method of time series to predict the
time of future winners of the running race. After several attempts, this paper set the window of size N
for the time of men and women respectively and calculates the new series after taking the average
twice. Exponential equation is used to fit the trend of the time series and generate the next value, which
is then converted back to the next value in the original series—the time of winners over years. This
procedure can predict the number of times the event is replicated before the current record is broken
and arrive at an average cost of 3125 euro. This paper assesses the precision of the model in several
ways and the results are good. The residual error of the fitting function𝑅 2 is 0.998255 and the forecast
error based on the previous time is within 2.5%.
In the second model, this paper first weigh the importance of six factors involved in setting the
insurance price, including price strategies, inflation rate, loss distribution, operating cost, number of
clients who purchase the insurance, and profits. Next, considering the three traits that the probability
curve should bear, a logistic function can be determined to approximate the probability that a winner
would break a world record in a certain year. The logistic function, together with the formulas for
calculating the net premium and additional cost, gives the amount of additional cost. The sensitivity
analysis of the probability function shows that the initial values has small effect on prediction.
In the third model, this paper will determine if buying insurance for a single event is necessary by
taking the amount of bonus, risk, and price of the insurance into account.
In the fourth model, this paper will design a method called hypothesis expected cost to help the
organizing committee decide the best combination of insurance for multiple events. Firstly, a large
matrix of all the possibilities and outcomes is created and the results derived from the matrix must be
the optimum, which means the committee should buy the combination of insurance that has the least
hypothesis expected cost. This paper then uses mathematical induction to prove that the optimized
combination can be determined through separate decisions similar to model three. Compared to the
matrix method, the separate decisions reduce the computing complexity significantly.
Finally, this paper describes the whole evaluation process in an easily understood manner to
provide references for decision-making of the committee.
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Restatement
This paper discusses how to predict the time of future winners, what factors should be

considered when setting an insurance price, and how to decide whether the committee should
purchase the insurance.
The first question is about average cost, which can be calculated by dividing the amount
of bonus by the expected number of times the event is replicated before the current record is
broken. The prompt provides two set of data from men and women runners, this paper can
follow the trend behind the data points to predict future time and the years that the world
record will be broken again.
The second question considers how to set the price of insurance from the insurance
company’s perspective. It is necessary for us to examine the factors that influence the price
and weigh them against each other. The factors may include: operating cost, time value of
money, and profit.
The third question seeks to establish an evaluation system to make decision in a rational
way. The committee may choose to buy insurance in the face of high risk.
The fourth question goes deeper into the decision-making mechanism. When one sport
event becomes 40 events, a suitable method for larger-scale decision should be found to
optimize the outcome for organizing committee.
The fifth problem asks for a summary of solutions for all the above mentioned problems
and a feasible decision-making mechanism that can be followed by the committee.
II.

Assumptions

1.

Assume that there is only one 15 kilometers race because it has such a large scale and
most of the world records are set in this race.

2.

Assume that human body has a limit.

3.

Men and Women in one race are regarded as runners from two separate race.

4.

When the organizing committee holds many sports events, the bonus or the insurance of
each events can be different.

III.

Nomenclature
Human’s Physical Limitation

m

The size of windows for the original data

N

The size of windows for the new data

N’

The size of windows for data at the ith time

𝑁𝑖

The quantity of data after ‘I’ times of
disposal
The number ‘a’ set of data after disposal

𝑆𝑖
𝐼𝑖
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The time taken for champion to finish the
game
The parameter 1 in function of probability
distribution
The parameter 2 in function of probability
distribution

𝑡𝑖𝑎
𝑡𝑘
K

The insurance expenses

c

premium

𝑝𝛼

Net Premium plus additional cost

P

Net Rate

𝑟𝑛𝑒𝑡

Loss Rate

𝑟𝑙𝑜𝑠𝑠

additional rate

𝑟𝑎𝑑𝑑

Stability Constant

𝑘𝑠𝑡𝑎

Probability for the occurrence of world
record

𝑃𝑖

Poisson Distribution Function

𝑃𝑝𝑜𝑖 (𝑋 = 𝑘)

Poisson Distribution Parameter

𝜆𝑝𝑜𝑖

Binary Distribution Function

𝑃𝑏𝑖𝑛 (𝑋 = 𝑘)

Binary Distribution Parameter

𝜆𝑏𝑖𝑛

Indicator of a single decision

𝛺

Insurance fee for the event i

𝐹𝑖

Bonus for the event i

𝐵𝑖

Total number of events k

k

The probability matrix when there are 40
events in total
The real cost matrix when there are 40
events in total

𝑃<𝑘>
𝑀<𝑘>

The hypothesis expected cost for each
combination when there are 40 events in
total and the committee purchases insurance

𝑇<𝑘>𝐿𝑖

for the event k
The hypothesis expected cost for each
combination when there are 40 events in
total and the committee not purchases
insurance for the event k

𝑇<𝑘>𝑅𝑖
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IV.

Model I- Prediction of the World Record

i.

Analysis
In order to calculate the average cost, we actually can choose to simply find the pattern of

those events in which the world record was broken, by investigating upon the frequency of
such events, the difference between the new and the old record, and so on. But to serve the
purpose of simplifying the following models, this first model is trying to directly predict the
Champion’s time taken for the next competition. By using the Moving Average method in the
Time Series Analysis for a couple of times, this paper is able to examine the pattern of the
timings and made predictions effectively. At last this paper used a evaluation mechanism to
check the accuracy of our model.

Time Series

Evaluation Function

Analyzing the Trend

Prediction of the
World s Record

Fitting Data

Figure IV.1.1 Analysis
ii.

Establishment & Simulation

(1) Data Processing
The website arrs.net has a corner mark under the form that contains all the data that says,
“In 1984, the race distance was 11.9 km because the Dutch Athletic Federation did not allow
new races to be longer than 12 km. Prior to 1992, the course was wheel measured and believed
to be short by 100 meters or more. The race is run over seven hills, hence the name.” Therefore
this paper discarded the data before 1984. We also didn’t consider some singular points such as
the timing of the female champion in 2015, since it would interfere seriously with our analysis.
In order to analyze the data and try to find the pattern to make further predictions, this
paper used the Time Series method. By using this we have been able to eliminate the element
of fluctuation and to allow the data to regain this property after when calculating backwards. It
also keeps the original pattern of timings and is also easy to operate. This method would make
a very accurate short-term prediction. As for long term predictions this model can only show
the general trend, and we may use other models to build and fix effectively and efficiently on
the trend that is provided by this model in order to make the prediction more accurate.
We first select a window of a random size and processed to original data. The example
below is the processing of resulting timings of male competitors. In order to keep the
fluctuation property of data while also keep in mind that the general trend shall not be broken,
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we picked the window of size 8 and processed the data with the average value formula(which
would be given below) using Moving Average method. We plot the graph of the new data and
found no explicit or obvious trend or pattern. So we applied this process again on the new
data. Finally we got the list plot like the other diagram and decided to begin to find a function
to fit the data.

Figure IV.2.1 The scatter-plot after
the first processing

Figure IV.2.2 The scatter-plot after
the second processing

When calculating the average value with the Moving Average method this paper uses the
following formula:
𝑡ia =

1
(𝑡
+ 𝑡(𝑖−1)(𝑎−1) + 𝑡(𝑖−1)(𝑎−2) + ⋯ + 𝑡(𝑖−1)(𝑎−𝑁𝑖+1) )
𝑁𝑖 (𝑖−1)𝑎

(2) Determination of the fitting function using new data
This paper uses a differential equation to find the basic function that the points are fitting.
The function found actually has only a small error with the original points. The differential
Function is:
dy
= 𝐾(𝑚 − 𝑦)
dt 2

Solve this and we get:
𝑦 = ce−kt2 + 𝑚

This paper is using Mathematica to find the coefficients in the basic function above, with
the data processed previously. This example is still about the resulting timings of male

World Record Insurance

Page 6 of 24

competitors. We discarded the first couples of data and plot them in the same graph as shown
below:

Figure IV.2.3 the fitting function of the post-processing male timings
Processing the Resulting Timings for Male Competitors
Item Year

Original Data and After Single Average

After Double
Average Moving

Predictions
according to the

Time

Also Predictions

In order to

Predicted Data

Moving

2036

41m 17s 421ms

42m 12s 955ms

42m 12s 1ms

25

42.200023649687

1m 0s 0ms

2035

39m 21s 530ms

42m 14s 977ms

42m 12s 7ms

24

42.2001235267676

1m 0s 0ms

2034

46m 28s 821ms

42m 21s 379ms

42m 12s 15ms

23

42.2002542255411

1m 0s 0ms

2033

42m 40s 890ms

42m 12s 186ms

42m 12s 26ms

22

42.2004252574664

1m 0s 0ms

2032

43m 10s 325ms

42m 12s 62ms

42m 12s 39ms

21

42.2006490692029

1m 0s 0ms

Origi 2031

43m 39s 511ms

42m 9s 131ms

42m 12s 57ms

20

42.2009419484026

1m 0s 0ms

2030

40m 54s 680ms

42m 4s 348ms

42m 12s 80ms

19

42.2013252090259

1m 0s 0ms

2029

41m 12s 136ms

42m 7s 991ms

42m 12s 110ms

18

42.2018267424415

1m 0s 0ms

Data 2028

41m 11s 276ms

42m 12s 984ms

42m 12s 149ms

17

42.2024830471898

1m 0s 0ms

2027

41m 35s 619ms

42m 13s 8ms

42m 12s 201ms

16

42.2033418851242

1m 0s 0ms

2026

40m 19s 154ms

42m 15s 47ms

42m 12s 268ms

15

42.204465757227

1m 0s 0ms

2025

45m 6s 81ms

42m 21s 472ms

42m 12s 356ms

14

42.2059364520494

1m 0s 0ms

2024

42m 39s 777ms

42m 12s 307ms

42m 12s 472ms

13

42.2078609977832

1m 0s 0ms

2023

42m 43s 943ms

42m 12s 220ms

42m 12s 623ms

12

42.2103794511189

1m 0s 0ms

Function Found

Value with another Unit Switch Units

nal
and
Proce
ssed
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Processing the Resulting Timings for Male Competitors
Item Year

Original Data and After Single Average

After Double
Average Moving

Predictions
according to the

Time

Also Predictions

In order to

Predicted Data

Moving

2022

42m 56s 468ms

42m 9s 338ms

42m 12s 821ms

11

42.2136750897172

1m 0s 0ms

2021

41m 27s 464ms

42m 4s 619ms

42m 13s 79ms

10

42.2179877500377

1m 0s 0ms

2020

41m 57s 76ms

42m 8s 345ms

42m 13s 418ms

9

42.2236312811731

1m 0s 0ms

2019

41m 11s 494ms

42m 13s 448ms

42m 13s 861ms

8

42.23101638487

1m 0s 0ms

2018

41m 53s 967ms

42m 13s 615ms

42m 14s 441ms

7

42.240680503895

1m 0s 0ms

2017

41m 16s 974ms

42m 15s 841ms

42m 15s 200ms

6

42.2533269338385

1m 0s 0ms

2016

43m 43s 597ms

42m 22s 511ms

42m 16s 193ms

5

42.2698760046751

1m 0s 0ms

2015

42m 39s 0ms

42m 13s 667ms

42m 17s 346ms

42m 17s 492ms

4

42.2915320567606

1m 0s 0ms

2014

42m 18s 0ms

42m 14s 0ms

42m 19s 481ms

42m 19s 192ms

3

42.3198710853721

1m 0s 0ms

2013

42m 14s 0ms

42m 11s 667ms

42m 21s 309ms

42m 21s 417ms

2

42.3569554320236

1m 0s 0ms

2012

42m 1s 0ms

42m 7s 667ms

42m 24s 247ms

42m 24s 329ms

1

42.4054838690927

1m 0s 0ms

2011

42m 43s 0ms

42m 12s 333ms

42m 28s 185ms

42m 28s 139ms

0

42.468988

1m 0s 0ms

2010

41m 13s 0ms

42m 18s 667ms

42m 31s 815ms

2009

42m 14s 0ms

42m 20s 444ms

42m 34s 667ms

2008

42m 17s 0ms

42m 24s 778ms

42m 39s 111ms

2007

42m 24s 0ms

42m 32s 889ms

2006

42m 42s 0ms

42m 32s 889ms

2005

41m 57s 0ms

42m 30s 444ms

2004

41m 38s 0ms

42m 38s 111ms

2003

42m 43s 0ms

42m 43s 111ms

2002

43m 40s 0ms

42m 45s 0ms

2001

41m 29s 0ms

42m 44s 333ms

2000

42m 53s 0ms

43m 0s 444ms

1999

43m 30s 0ms

1998

42m 24s 0ms

1997

42m 20s 0ms

1996

43m 6s 0ms

1995

42m 23s 0ms

1994

43m 0s 0ms

1993

43m 34s 0ms

1992

43m 54s 0ms

Function Found

Value with another Unit Switch Units
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(3) Converting back the data and evaluating the model
When we put the next value of time variable to the fitting function, we can get the value of
the function correspondingly. The value can then be converted back into the time of next
winner through the same procedure as we derive it. Since this paper has taken the average of
the data points twice, the procedure should also be repeated twice. From the above method, we
can calculate the time of future winners( See table 5.2.1). Since converting back the data
points will restore the fluctuation, the error will be amplified. And because this model’s
prediction for farther years will be based on previous years’ data points which contain some
error, we can only use this model to make prediction on years that have greater possibility to
break the record instead of the precise years that the record will be broken.
We assesses the choice of window size, function type, and the accuracy of fitting function
through the consideration of three criteria as following:
1) The results need to be contained within ±2.5% of the real values, and the fitting function
should yield a result that has less than one second’s difference with the actual processed
data. This evaluates the validity and accuracy of our prediction.
2) The residual error of our fitting function should be above 0.8 (1 is the best). This evaluates
our function selection and fitting results.
3) Compare the standard error of prediction of our window size with other possible window
sizes and ours should have the smallest error. This evaluates the validity of our window
size and the actual error.
Formula for Standard Error of Prediction:
√

∑

𝐼𝑖

(𝑡(𝑖+1)𝑎 − 𝑡ia )2

𝑎=𝑁+1

𝐼𝑖 − 𝑁

The following results are derived from the three evaluating methods.
(1) Only taking first 4 data to have a fitting function and use it to calculate the 5th data, we have
the 5th data: 42m 18s 9ms. The difference= 42m 18s 9ms—42m 17s 346ms=663ms < 1s.
Taking the original data, the difference is 0.0205643218259444=2.0564322%<2.5%
(2) Result of residuals analysis: R2=0.998255>0.8
Because R2 is supposed to be close to 1, meaning the fitting result is very successful,
meaning the function derived by the differential equation is suitable.
(3) Because the calculation of S involves decimals which make the comparison difficult, we
give the same multiplier to the data points.
When N=9 (which this paper adopts), S=25592
When N=10, S=25604>25592
s.t. Our model passes the evaluation tests and thus can be made in use.
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(4) Conclusion
By answering this single problem, this paper extensively helps to answer the rest of the
questions. Not only we determine the pattern of record-breaking, but also makes very accurate
predictions to the time taken of the athletes in the following events, which will provides a lot
of help to solve the following questions.
The pattern of record breaking we discusses is listed in the first column of the table, which
is shown in brown color (in table 5.2.1, the underlined data are the predicted record-breaking
time). For both time of the men and women, the periods of record breaking are all around 8
years. By answering the question, seeing the big picture as a whole, this paper makes
progresses to answer the full question. The pattern of record breaking is used to calculate
average cost, even shows the time taken each year accurately, serving as the foundation stone
to answer next questions. Whenever the latest competition ends, the new time taken will be
added to the prediction system to make the future predictions more precise.

No

Set the size of the
window N

Using the moving
average method in
the time series to
process the data

Find a new window
size N

Find the new data
and draw the
graph(time-usedyear)

Yes

The Trend Exists

No

Find the pattern

Yes
Find part of the data
again

No

Use the pattern to
do residuals analysis

No

Reasonable

Yes
Find the pattern of
breaking the world
record

Reasonable

Yes
Predict next data;
Use to deduct next
result; Use
Evaluation Function
to evaluate

Figure IV. 2.4 Establishment & Simulation of Model I
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iii.

Evaluation

V.

Model II – Determination of Insurance Rate

i.

Analysis
In order to determine the premium rate for this insurance company, the following model

would make the decision through six determinants: pricing strategy (cost-plus pricing &
competitive pricing), inflation rate, loss distribution, operating cost, number of buyers as well
as profits. The above determinants are derive from the five principles of determination of
insurance rate: sufficiency, equity, rationality, stability and flexibility, and the ability of
minimizing the risk and maximizing judiciousness. Using analytic hierarchy process (AHP),
the following model ranks the importance of the factors mentioned. Then, a function for the
number of buyers and 𝑝𝛼 , the premium, is proposed. In revealing the effectiveness of this
model, an instance would be used to illustrate the idea.
Cost-plus Pricing
Pricing Stratgy
Competitve
Pricing
Loss Distribution

Inflation Rate

Poisson
Distribution

Operating Cost

Determination of Insurance
Rate

AHP Analysis

Profits

Number of Buyers

Figure V.1.1 Analysis for Model II
ii.

Assumption

1. In calculation, all variables would obey the Man’s Zevenheuvelenloop’s situation;
2. In calculation, the ratio between the additional rate and the net rate is 20%.
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Establishment & Simulation

Calculation of
the
Premium Rate

Cost-Plus Pricing

Competitive
Pricing

Inflation Rate

Loss Distribution

Operating Cost

Profit

Figure V.3.1 AHP Analysis
By using AHP analysis, the model deliberately ranks the six determinants corresponding
to their importance to the determination of the premium. And the consistent matrix is
established on the comparison of the two factors.
Table V.3.1 Consistent Matrix

Cost-Plus
Pricing
Competitive
Pricing
Loss
Distribution
Operating
Cost
Inflation
Rate
Profit

Cost-Plus

Competitive

Loss

Operating

Inflation

Pricing

Pricing

Distribution

Cost

Rate

1

1
2

1
7

1
5

1
4

1
5

2

1

1
5

1
3

1
2

1
3

7

5

1

3

5

2

5

3

1
3

1

2

1
2

4

2

1
5

1
2

1

1
4

5

3

1
2

2

4

1

Profit

Since the consistency ratio is 0.00381<1, the matrix is consistent. After normalize the data
by using geometric mean, we can have the following weights:
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Form V.3.2 Weight
Weight
Cost-Plus Pricing

3.71%

Competitive Pricing

6.57%

Loss Distribution

39.51%

Operating Cost

16.21%

Inflation Rate

9.48%

Profit

24.52%

After acknowledging the weight for each factor, the model is transferring its focus to the
calculation of the premium rate.
The target function is:
𝑝

𝑝𝛼 = 1−𝑟

[1]

𝑎𝑑𝑑

The determination of 𝑟𝑛𝑒𝑡 , the net premium rate and 𝑟𝑎𝑑𝑑 , the additional premium rate
would influence the future outcome.
Thus, the model is going to evaluate the premium with cost-plus pricing.
1) Sub-Model 1—Determination of Net Rate
As one article suggest that the formulae to calculate the net rate is:
𝑟𝑛𝑒𝑡 = 𝑟𝑙𝑜𝑠𝑠 (1 ± 𝑘𝑠𝑡𝑎 )
Assume that the world record would occur every y year, then
𝑟𝑛𝑒𝑡

𝑘𝑠𝑡𝑎

∑𝑦𝑖=1 𝑃𝑋𝑖
=
y

∑(𝑃𝑋𝑖 − 𝑟𝑙𝑜𝑠𝑠 )2
1
√
=
𝑛
𝑟𝑙𝑜𝑠𝑠

World record and the predicted time are used to deduct the probability of breaking the
world record. Since the probability has the limitation between 0% and 100%, the model used
to calculate the probability of world record’s occurrence bellow would have the asymptotes of
y=0% and y=100%. Therefore, we can have the differential equation of the probability varying
with time:
ⅆ𝑃𝑋𝑖
= −𝑘(100 − 𝑃𝑋𝑖 )(𝑃𝑋𝑖 − 0)(k > 0)
ⅆ𝑏
In this differential equation, (100-P) represents when the probability is approaching 100%.
And k in this function is positive because it is used to state that the derivation of this function
to be negative. The following would be our key steps in solving the problem:
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1
1
1
∫(
+ ) ⅆ𝑝 = −𝐾𝑡 + 𝑐;
100
100 − 𝑝 𝑝
𝑝=

100
.
𝑐ⅇ 𝐾𝑡 + 1

In order to determine the constant c and k, this article adapted the latest the world record,
41.2167 minutes. According to several different factors, for instance, the weather, the person’s
mood, etc. the outcome of each athletes is not stable and from the data that we have collected,
the actual time would fluctuate around the event so that the probability of breaking and not
breaking the record is the same, which is 50%. Therefore, the stable point for the function we
proposed before is (41.2167, 50). And the model assumed that when the predicted time for the
next competition is10 minutes less than the current world record, the probability is 99%. Then,
the function could be found accordingly:
𝑃𝑖 =

100
5.9510 10−9 ⅇ (0,4595𝑡𝑘 ) + 1

2) Sub-Model2—Determination of Additional Rate
The additional rate is usually determined by the operation cost as well as the insurance
price. However, in this world record’s case, the additional rate is varying with time and the
importance of the clients. Therefore, this model proposes a function related to the number of
buyers. Poisson distribution would be used to predict the amount of buyers varying with time.
Also, because additional rate could be determined by adjusting the net rate with a constant
percentage, and this percentage is determined in the following function:
𝑟𝑎𝑑𝑑 =

𝐸 (𝑃𝑝𝑜𝑖 (𝑋 = 𝑘))
∑𝑘𝑖=0 𝑖 𝑃𝑏𝑖𝑛 (𝑋 = 𝑘)

𝑟𝑛𝑒𝑡 ,

𝜆𝑝𝑜𝑖 = 𝑟𝑙𝑜𝑠𝑠 , 𝜆𝑏𝑖𝑛

𝑠. 𝑡.
𝑝𝑛𝑒𝑡

𝑟𝑎𝑑𝑑 =
𝑟𝑛𝑒𝑡 (1 −

𝐸 (𝑃𝑝𝑜𝑖 (𝑋 = 𝑘))
∑𝑘𝑖=0 𝑖 𝑃𝑏𝑖𝑛 (𝑋 = 𝑘)

𝑟𝑛𝑒𝑡 )

Taking the man’s Zevenheuvelenloop for example the insurance price is €8173. (Please
reference the program at the Appendix for the process of calculation)
iv.

Evaluation
The strength of this model is that it uses additional rate and the net rate’s relationship

solve the determination of additional rate when there’re no enough data about insurance
company’s operating cost. And the probability function precisely analyzes the probability for
having a world record.
However, the Poisson and Binary distribution used to describe the random purchase of the
customers are not accurate enough so that the percentage is assigned to be 20%.
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When we are deciding the relationship between the time used in the competition and the
probability of breaking the world record, the model used (31.21667, 99) as the second point.
However, as a decisive factor the model still need to have much more precise data in order to
have a better prediction.
The following would be the graph for the sensitivity analysis of the function this article
used to predict the possibility of next world record.

Figure V. 4.1 Sensitivity Analysis for the Probability Function
VI.

Model III –Decision for One Sport Event

i.

Analysis
Problem three wants to find an indicator that can be used to determine whether the

committee should make the decision of purchasing the insurance. The indicator should be
based on three factors: the price of insurance, risk or probability of record breaking, and the
amount of bonus that the committee should pay once the record is broken.
ii.

Establishment & Simulation
When the committee buys the insurance in a certain year, they spend some of their money,

but they also avoid a huge cost if one of the runners happens to break the record, since the the
bonus are now paid by the insurance company instead of the committee. In this case, the
committee benefits from buying the insurance by the amount of bonus. The practice of buying
the insurance can be seen as an investment to earn profit by the amount of bonus, and the cost
of investment is the price of the insurance. If we can compute the expected profit and compare
it with the cost, we can decide whether we should make the investment or not.
If the committee has no risk propensity, it can simply balance the expected profit and the
cost. The indicator we derive is:
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𝛺=

𝑝𝑋𝑖 𝐵𝑖
𝐹𝑖

If 𝛺 >1, the committee should buy the insurance; If 𝛺<1, the committee should not buy
the insurance; If 𝛺 =1, the committee can choose to do either way.
iii.
1.

Evaluation
Shortcoming:
The paper does not take into account all the factors that could affect decision making,
which makes the model rather simple.

2.

Strength:
The paper realizes that even if the results of runners in real competition is different
from the ones we predict, our decision will not be affected because the predicted time
records of runners will adjust according to new data and the decision itself will not affect
the probability of any events.

VII.

Model IV – Decision Making on Multi-Competitions

i.

Analysis
In order to design the insurance-purchasing strategy for the committee, we first use a

comprehensive matrix listing all the possibilities, real costs and the hypothesis expected costs.
By comparing hypothesis expected costs of each plan and getting the smallest one possible,
the committee will be able to achieve the plan which corresponds to the smallest hypothesis
expected cost. Considering all the variables and combinations, the plan is very comprehensive.
However, due to the complexity nature of the calculations we cannot directly obtain the plan.
Using a different approach, we find that using model3 incorporating fewer calculations in a
simplified manner, proved by mathematical inductions, the second one guides the same yield,
meaning we can use the second algorithm to acquire the final plan. When proving the
equivalence of the two algorithms, we partition matrices and analyze changes in each block.
Finally, by applying mathematical induction, we certify the equivalence. The second algorithm
provides a very simple but effective method. In addition to a few necessary data and
calculations, the committee obtains the best designed insurance-purchasing plan.
ii.

Establishment & Simulation
Record-breaking possibility, total budget limitation and amount of bonus are meant to be

taken into consideration when the organizing committee makes a decision. Taking into account
the multiple events and the most precise solution, we utilize permutations and combinations
for record-breaking possibilities and real costs to help the organizing committee make the
decision whether or not to purchase, hence obtaining all the hypothesis expected costs for each
combination of decisions. For instance, when the organizing committee sponsors 2 events in
one year, there are 16 possible real costs which are shown in the following table:
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Form VII.3.1 Hypothesis Expected Cost Table1
Real costs When
purchasing
insurance

For both of

For the 1st

For the 2nd

For neither

the events

event

event

of the events

Events
Possibility of both of the
events break world records
𝑃1 · 𝑃2
Possibility of 1st event

𝑀11

𝑀12

𝑀13

𝑀14

= 𝐹1 + 𝐹2

= 𝐹1 + 𝐵2

= 𝐹2 + 𝐵1

= 𝐵1 + 𝐵2

𝑀21

break world records

= 𝐹1 + 𝐹2

P1 · (1 − P2 )
Possibility of 2nd event
break world records
P2 · (1 − P1 )
Possibility of neither of the
events break world records
(1 − P1 ) · (1 − P2 )
Hypothesis expected cost

𝑀23

𝑀22 = 𝐹1

𝑀31

𝑀32

= 𝐹1 + 𝐹2

= 𝐹1 + 𝐵2

𝑀41

= 𝐹2 + 𝐵1

𝑀33 = 𝐹2

𝑀43

𝑀42 = 𝐹1

= 𝐹1 + F2
𝑇1

= 𝐹2 + 𝐵1

𝑇2

𝑇3

𝑀24 = 𝐵1

𝑀34 = 𝐵2

𝑀44 = 0
𝑇4

𝑇1 to 𝑇4 can be obtained from following equation:
𝑇𝑖 = 𝑀𝑖1 · 𝑃1 · 𝑃2 + 𝑀𝑖1 · 𝑃1 · (1 − 𝑃2 ) + 𝑀𝑖1 · 𝑃2 · (1 − 𝑃1 ) + 𝑀𝑖1 · (1 − 𝑃1 ) · (1 − 𝑃2 )
(𝑖 = 1,2,3,4)
Get the minimum𝑇𝑖 , the corresponding combination of decisions is the final plan:
min[𝑇𝑖 ]
So the organizing committee has the best strategy to execute.
Take a more specific example, suppose the insurance fees, bonus of world record-breaking
and possibilities of record-breaking of 2 events in this year are as following:
Form VII.3.2 Data Table1
F1

F2

B1

200

160

900

B2

P1

P2

3000

30%

5%

World Record Insurance

Page 17 of 24

So all the situations and the results are demonstrated in the following table:
Form VII.3.3 Data Table2
Possibilities
of world
record
breaking
for all
situations

Real costs
when
committee
purchasing
insurance
for both of
the events

Real costs
Real costs

Real costs

when

when

when

committee

committee

committee

purchasing

purchasing

purchasing

insurance

insurance for

insurance for

for neither

the 1st event

the 2nd event

of the
events

Possibility of
both of the
events break

1.5%

360

3200

1060

3900

28.5%

360

200

1060

900

3.5%

360

3200

160

3000

66.5%

360

200

160

0

360

350

430

420

world records
Possibility of
1st event
break world
records
Possibility of
2nd event
break world
records
Possibility of
neither of the
events break
world records
Hypothesis
expected cost

Now the organizing committee should only purchase insurance for the 1st event, because
350 is the minimum item in all the hypothesis expected cost.
Precision and accuracy are the benefits of this algorithm. When the number of events rise
to 40, the scale of this 𝑀240 240 matrix rises to240 ⨯ 240 , which outnumbers the maximum
operation range,264 , of normal computers. Hence we have to optimize this algorithm, meaning
the new algorithm should yield same combination of decisions along with much less
calculations.
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When we directly consider the decisions of whether committee should purchase the
insurance for 2 events separately, the combination of decisions (only purchase the insurance
for the first event) is the same as the matrix form when we list all the situations. So here comes
a conjecture: the combination of decisions of considering the decision for each event
separately is identical to the combination of decisions for all the events taken at the same time
in the matrix form. Additionally, there is a significant reduction in calculations.
Commencing from the situation that the organizing committee only sponsors one event,
we employ mathematical induction and attain the insurance purchasing criteria for 40 and even
more events.
Proposition: When the organizing committee sponsor 𝑛 events in a year, the combination
of insurance purchasing decisions when using model3 is identical to the combination when
using the hypothesis expected cost algorithm.
Proof:
Basis: When𝑛 = 1, directly considering the insurance fee and the expected value of the bonus,
if:
𝐵1 · 𝑃1 − 𝐹1 ⩾ 0
The organizing committee will purchase the insurance for this single event. If not, the
committee will not purchase insurance for the event.
Applying the hypothesis expected cost algorithm, listing all 4 possible situations, the table
is:
Form VII.3.4 Hypothesis expected cost table2
Real costs when
committee purchasing
insurance for this event
Possibility of breaking world
record in this event 𝑃1

Real costs when
committee not
purchasing insurance for
this event

𝑀11 = 𝐹1

𝑀12 = 𝐵1

𝑀21 = 𝐹1

𝑀22 = 0

T1

T2

Possibility of not breaking
world record in this event
(1 − 𝑃1 )
Hypothesis expected cost

𝑇1 to 𝑇2 can be obtained from following equation:
𝑇𝑖 = 𝑀𝑖1 · 𝑃1 + 𝑀𝑖1 (1 − 𝑃1 )
(𝑖 = 1,2)
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𝑇1 = 𝐹1 , 𝑇2 = 𝐵1 · 𝑃1 are easily deducted. When 𝑇𝑖 is minimized, the organizing
committee should employ the decision listed in the head of that column, to decide purchasing
or not. Hence it should choose the combination of decision corresponding to:
min[𝑇𝑖 ]
If min[𝑇𝑖 ]= 𝐹1 , committee will purchase the insurance for the event; If min[𝑇𝑖 ]= 𝐵1 · 𝑃1 ,
the committee will not purchase the insurance for the event. For either of the situation, the
combination of purchasing decisions employing hypothesis expected cost algorithm is
equivalent to the combination of decision employing direct consideration. So, when𝑛 = 1, the
proposition is true.
Inductive step:
If𝑛 = 𝑘, the proposition holds. Then show that when𝑛 = 𝑘 + 1, the proposition still holds.
When 𝑛 = 𝑘, the scale of matrix, listing both the record breaking possibilities and the various
combinations of decisions, is2𝑘 × 2𝑘 ; If𝑛 = 𝑘 + 1, matrix scale is2𝑘+1 × 2𝑘+1 . Partition the
matrix and number each of the blocks as following:
[1]
𝑀〈𝑘+1〉 = (
[2]

[3]
)
[4]

The influence on 𝑀〈𝑘〉 by the newly admitted event k+1 can be divided into 4 parts
𝑀〈𝑘+1〉 = (

𝑀〈𝑘〉ij + 𝐹𝑘+1
𝑀〈𝑘〉ij + 𝐹𝑘+1

𝑀〈𝑘〉ij + 𝐵𝑘+1
)
𝑀〈𝑘〉ij

2𝑘+1 ×2𝑘+1

The influence on𝑃〈𝑘〉
𝑃〈𝑘〉i1 · 𝑃𝑘+1
𝑃〈𝑘+1〉 = (
)
𝑃〈𝑘+1〉i1 · (1 − 𝑃𝑘+1 )

2𝑘+1 ×1

Summarize influences on𝑇𝑖 through 4 blocks. For [1]—[4], the patterns of transition for
each𝑇𝑖 are
𝑇〈𝑘+1〉[1]i = 𝑇〈𝑘〉i · 𝑃𝑘+1 + 𝑃𝑘+1 · 𝑃ij · 𝐹k+1
𝑇〈𝑘+1〉[2]i = 𝑇〈𝑘〉i · (1 − 𝑃𝑘+1 ) + (1 − 𝑃𝑘+1 ) · 𝑃ij · 𝐹k+1
𝑇〈𝑘+1〉[3]i = 𝑇〈𝑘〉i · 𝑃𝑘+1 + (1 − 𝑃𝑘+1 ) · 𝑃ij · 𝐹k+1
𝑇〈𝑘+1〉[4]i = 𝑃𝑘+1 · 𝑃ij · 𝐵k+1
Adding up 4parts vertically in the matrix
𝑇〈𝑘+1〉𝐿𝑖 = 𝑇〈𝑘+1〉[1]𝑖 + 𝑇〈𝑘+1〉[2]𝑖 = 𝑇〈𝑘〉i + 𝑃ij · 𝐹k+1
𝑇〈𝑘+1〉𝑅𝑖 = 𝑇〈𝑘+1〉[3]𝑖 + 𝑇〈𝑘+1〉[4]𝑖 = 𝑇〈𝑘〉i + 𝑃𝑘+1 · 𝑃ij · 𝐵k+1
We may easily conduct that in the combination of purchasing decision associating with the
previous combination of decision and purchasing insurance for the number k+1 event, each T
follows the identical transition pattern. Hence the corresponding strategy of min[𝑇〈𝑘〉 ] is indeed
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the same as the strategy corresponding to the min[𝑇〈𝑘+1〉 ]. This conclusion also applies to the
situation when the committee doesn’t purchase the insurance in the k+1 event.
From the condition, if𝐵𝑘+1 · 𝑃𝑘+1 − 𝐹𝑘+1 ⩾ 0, based on the k events combinations of the
decision, the organizing committee purchases the insurance for k+1 event, now𝑇〈𝑘+1〉𝐿𝑖 ⩽
𝑇〈𝑘+1〉𝑅𝑖 showing the committee purchases the insurance for the k+1 event, meaning the model3
is equivalent to the hypothesis expected cost algorithm; On the contrary, if𝐵𝑘+1 · 𝑃𝑘+1 −
𝐹𝑘+1 ⩽ 0, the organizing committee doesn’t purchase the insurance for the k+1 event, now
𝑇〈𝑘+1〉𝐿𝑖 ⩾ 𝑇〈𝑘+1〉𝑅𝑖 showing the committee doesn’t purchase the insurance for k+1 event,
meaning the model3 is still equivalent to the hypothesis expected cost algorithm.
Hence the proposition holds.
Hence only employing model3 for each event we can obtain the best solution (insurance
purchasing strategy).
When the organizing committee has limited budget, we suggest choosing the event which
has larger value in𝐵𝑖 · 𝑃𝑖 − 𝐹𝑖 should be prioritized for insurance-purchasing. Through
prioritizing process, the organizing committee can have the minimum loss..
iii.

Evaluation
Employing mathematical induction in this model, we have proved the equivalence of the

direct consideration algorithm and the hypothesis expected cost algorithm. The proof process
is absolutely rigorous. Therefore, the calculations are significantly declined. Even though the
factors listed in the model4 are relatively limited, the other factors can be considered when
obtaining the logistics function.
VIII. Plan
Dear Committee:
We are members from a mathematical modeling team and we want to propose to you our
plan in regard to sport insurance. In order to minimize your economic loss, we have designed a
workable scheme. The specific steps are:
Firstly, you need to do some research on winners’ race records in the past few years for
the same event and form a set of n data points. If the data do not have an obvious trend, they
need to be processed as following: take the average of the first k data points, and that of the
second till the (k+1)th data points. Likewise, when all the data points are calculated for at least
once, you can get a new set of (n-k+1) data points. If the data still exhibit no trend, you can
adjust the number of k or take the average one more time. You can use logistic equation to fit
the trend because it reflects the limitation in human body. When you get the formula for the
best-fit curve, you can calculate the next value of the new set and convert it back to the
original set, which represents the winner’s record of next year. In order to keep the prediction
precise, the new data points you get from real races should replace the outdated data points and
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be used for future prediction. The result is then put into the possibility function and as a result,
we can get the possibility of record-breaking for next year. The possibility (risk), the amount
of bonus, and the insurance price make up the indicator 𝛺 that can tell you whether or not you
should purchase the insurance.
𝛺=

𝑝𝑋𝑖 𝐵𝑖
𝐹𝑖

If 𝛺 >1, you should purchase the insurance; If 𝛺 <1, you should not purchase the
insurance; If 𝛺 =1, you can choose to do either way.
IX.

Strength, Weakness and Improvement

1. Model I
4) Plan A: Grey Forecasting
The paper solves problem one by using a rather simple method—the moving average
method—to predict winners’ records in the future. However, during our research later, we find
out that our method is actually very similar to the GM(1,1) model as in Grey Forecasting.
Therefore, our model is quite reliable and feasible. One literature in Grey Forecasting
mentions about some improvement that could be made on the GM(1,1) model like the residual
modification model, and discusses some methods to study the models specializing in problems
like the transitional stage prediction. This kind of problem exhibits no apparent trend but rather
oscillate back and forth with a significant amplitude, which is very similar to the problem we
are working on. Compared to GM(1,1) model which is more suitable for smoothed series, the
article suggests that GM(2,1) model might be a better model for prediction with oscillating
series. The example provided by the article shows the advantage of GM(2,1) model especially
during the middle of a transitional stage problem. The method can be adopted to better our
prediction results.
2) Plan B
The differential equation used in this paper is disputable since we have only considered
the influence of human body’s limitation on the data points. Though the residual analysis
yields a pleasing result, the paper has tried another fitting method. Through observation of the
post processed data points, we notice that the shape of the trend also conforms to logistic
function and we think by using the logistic function, we can also make a pretty good
prediction.
ⅆ𝑦
ⅆ𝑡2

= 𝑘(𝑚 − 𝑦)(n − y)

(m-y) in the differential equation represents the limitation of human body, and (n-y)
represents that when the records are high, runners have more incentives to break the record.
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However, the problem with this method is that it is hard to set the upper bound and lower
bound for runners’ time records and that having a lower bound is kind of counterintuitive.
2. Model II
With more data, this model could provide a better description of the changing pattern of
additional rate corresponding to the market’s change.
3. Model III
In future study we can adopt utility function in our evaluation system for decision-making.
X.
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XI.

Appendix
Processing the Resulting Timings for Female Competitors
After Double
Average Moving

Time
according
Also Predictions
Valu Predictions
to the Function
Unit Switching
with another Unit
e
Found

Year

Original Data and
Predicted Data

After Single
Average Moving

2038

47m 13s 48ms

47m 14s 423ms

28

47.1158954219808

1m 0s 0ms

47m 6s 954ms

2037

53m 8s 709ms

47m 13s 534ms

27

47.1172342194441

1m 0s 0ms

47m 7s 34ms

2036

49m 28s 126ms

47m 2s 94ms

26

47.1188577283458

1m 0s 0ms

47m 7s 131ms

2035

49m 25s 97ms

46m 55s 808ms

25

47.1208264960095

1m 0s 0ms

47m 7s 250ms

2034

41m 13s 592ms

46m 53s 95ms

24

47.1232139458777

1m 0s 0ms

47m 7s 393ms

2033

43m 32s 784ms

47m 9s 79ms

23

47.1261091157745

1m 0s 0ms

47m 7s 567ms

2032

47m 59s 437ms

47m 15s 582ms

22

47.1296199784914

1m 0s 0ms

47m 7s 777ms

2031

45m 54s 595ms

47m 12s 14ms

21

47.1338774685375

1m 0s 0ms

47m 8s 33ms

2030

47m 5s 932ms

47m 15s 66ms

20

47.1390403652252

1m 0s 0ms

47m 8s 342ms

2029

51m 37s 189ms

47m 14s 313ms

19

47.1453012142043

1m 0s 0ms

47m 8s 718ms

2028

48m 37s 839ms

47m 3s 39ms

18

47.1528935082806

1m 0s 0ms

47m 9s 174ms

2027

49m 3s 393ms

46m 56s 954ms

17

47.1621003953231

1m 0s 0ms

47m 9s 726ms

2026

43m 21s 466ms

46m 54s 485ms

16

47.1732652380125

1m 0s 0ms

47m 10s 396ms

2025

44m 24s 809ms

47m 10s 765ms

15

47.1868044192476

1m 0s 0ms

47m 11s 208ms

2024

47m 30s 887ms

47m 17s 626ms

14

47.2032228707759

1m 0s 0ms

47m 12s 193ms

2023

46m 19s 14ms

47m 14s 492ms

13

47.2231329041749

1m 0s 0ms

47m 13s 388ms
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Processing the Resulting Timings for Female Competitors
After Double
Average Moving

Time
according
Also Predictions
Valu Predictions
to the Function
Unit Switching
with another Unit
e
Found

Year

Original Data and
Predicted Data

After Single
Average Moving

2022

46m 59s 910ms

47m 18s 71ms

12

47.2472770464692

1m 0s 0ms

47m 14s 837ms

2021

50m 6s 994ms

47m 17s 958ms

11

47.2765557320166

1m 0s 0ms

47m 16s 593ms

2020

47m 49s 160ms

47m 7s 458ms

10

47.3120608834081

1m 0s 0ms

47m 18s 724ms

2019

48m 43s 638ms

47m 2s 313ms

9

47.3551166337526

1m 0s 0ms

47m 21s 307ms

2018

45m 31s 705ms

47m 0s 984ms

8

47.4073287090449

1m 0s 0ms

47m 24s 440ms

2017

45m 19s 701ms

47m 18s 645ms

7

47.4706443122924

1m 0s 0ms

47m 28s 239ms

2016

47m 5s 814ms

47m 27s 183ms

6

47.5474247427225

1m 0s 0ms

47m 32s 845ms

2015

46m 47s 648ms

47m 26s 81ms

5

47.6405334583418

1m 0s 0ms

47m 38s 432ms

2014

46m 59s 0ms

47m 32s 125ms

47m 45s 234ms

4

47.7534428660608

1m 0s 0ms

47m 45s 207ms

2013

48m 43s 0ms

47m 35s 0ms

47m 53s 297ms

3

47.8903638220278

1m 0s 0ms

47m 53s 422ms

2012

47m 8s 0ms

47m 28s 125ms

48m 3s 563ms

2

48.0564026717716

1m 0s 0ms

48m 3s 384ms

2011

48m 33s 0ms

47m 27s 375ms

48m 15s 344ms

1

48.2577516868258

1m 0s 0ms

48m 15s 465ms

2010

47m 53s 0ms

47m 31s 375ms

48m 30s 141ms

0

48.50192

1m 0s 0ms

48m 30s 115ms

2009

46m 28s 0ms

47m 55s 500ms

48m 45s 47ms

2008

46m 57s 0ms

48m 11s 875ms

48m 55s 844ms

2007

47m 36s 0ms

48m 20s 500ms

49m 5s 938ms

2006

47m 22s 0ms

48m 36s 625ms

49m 17s 547ms

2005

47m 48s 0ms

48m 57s 125ms

2004

47m 2s 0ms

49m 2s 375ms

2003

49m 5s 0ms

49m 25s 750ms

2002

51m 6s 0ms

49m 30s 625ms

2001

48m 39s 0ms

49m 21s 875ms

2000

48m 6s 0ms

49m 32s 625ms

1999

49m 45s 0ms

49m 53s 375ms

1998

50m 6s 0ms

1997

48m 30s 0ms

1996

50m 9s 0ms

1995

49m 44s 0ms

1994

49m 56s 0ms

1993

50m 5s 0ms

1992

50m 52s 0ms
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Model II. Calculation Process
public class Math_Model2 {
public static void main(String args[]){
double[] a =
{42.200023649687,42.2001235267676,42.2002542255411,42.2004252574664,42.20064
90692029,42.2009419484026,42.2013252090259,42.2018267424415};
double b[]= new double [8];
double add=0,result = 0,answer1=0,answer2=0,answer3=0;
for(int i=0;i<8;i++){
b[i]=100/(3.54253*Math.pow(10, -17)*Math.pow(Math.E,
0.91902397*a[i])+1);
add+=b[i];
}
answer1=add/8;
for(int j=0;j<8;j++){
result+=Math.pow((b[j]-answer1), 2);
}
answer2=result/8;
answer3=Math.pow(answer2, 0.5)*1/answer1;
System.out.println((1+answer3)*answer1);
}
}

