Problem Chosen 2020 Team Control Number

D MCMICM 2006782

Summary Sheet

Teaming Wisdom Coming from Soccer Field

Summary

Nowadays teamwork is playing an increasingly important role in all walks of life,
especially team sports. Team success is much more than the sum of the abilities of
individual players. Rather, it is based on many other factors that involve how well the
teammates play together. The purpose of this paper is to create a model that captures
performance indicators that reflect successful teamwork, and generalize the model to
other domains.

In TASK 1, we establish a ball passing network based on the passing events, in which
each player is a node and each pass constitutes a link between players. We define
several indicators helping us know about the network on the whole. Then we utilize
K-means Algorithm to classify dyadic and triadic configurations in the network, which help
to identify the network patterns. Moreover, we explore the network with other scales
like time and region to further study the network.

In TASK 2, we first identify performance indicators that reflect successful team-
work, such as coordination, distribution, tempo, flexibility and pressing. Then an Eval-
uation model based on Adversarial Regression is built to score the teamwork performance
of both our team and opponent in one match. To make scores of both teams satisfy
the final result of each game, we regulate the weights of five indicators, and record
every possible solution. Furthermore, we choose the weight with LowestError as the
regression equation. Finally, we notice that only by adjusting the strategy based on
the opponents’ strategy, trying to make the total score higher or repress the score of
opponents, can the Huskies more likely to win.

In TASK 3, we analyze the formations and strategies Huskies adopt, along with
the indicators and final results. Considering the actual situation of the Huskies, the
most effective strategy is Defensive counterattack. Then comparing Huskies with Typical
representative of this strategy (Italy National Team), we get to know that the huge gap
with the strong teams is mainly reflected in Coordination, Flexibility and Pressing. Based
on the conclusion we draw, we offer the coach some advice on flexible formation, core
players and coherence that help them succeed in the next season.

In TASK 4, we generalize our model to more teamwork, not limited to team sports.
With reference to the indicators we identify for football match, we come up with the
complex set of factors that make some groups perform better. In addition, other aspects
of teamwork are taken into account to organize more effective teams.

Finally, we conduct a sensitivity analysis in order to gain some deep understanding
of our model, and verify the robustness of the model in many cases. Additionally, we
analyze the strengths and weaknesses of our model.

Keywords: Passing network, Adversarial Regression, Defensive Counterattack
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1 Introduction

1.1 Problem Background

With the development of social interconnections, the challenge people faced has
become complex increasingly. Some reports point out the best strategies for team for-
mation, the best interaction between teammates, and the ideal leadership style. A
strong team across departments and domains can complete complex tasks that cannot
be accomplished through individual efforts or additional contributions from a series
of teammates.

The coach has asked ICM to quantify and formalize the structural and dynami-
cal features that have been successful (and unsuccessful) for the team. The team are
provided with the following tasks:

e Create a network for the ball passing between players, and explore multiple
scales such as regions and time.

o Identify performance indicators that reflect successful teamwork.
e Make suggestions to the coach using the opinions gained from the model.

e Indicate how to build an effective team and give other important factors for form-
ing an dynamic team.

1.2 Our work

1. Firstly, we establish a ball passing network based on the passing events.Then we uti-
lize K-means agAlgorithmm to classify dyadic and triadic configurations in the net-
work.

2. Then we build an Evaluation model based on Adversarial Regression, and get the re-
gression equation. Taking the opponents into account, we have a discussion about
whether strategies are universally effective.

3. Furthermore, We analyze the formations and strategies Huskies adopt and recom-
mend the team to adopt Defensive counterattack. What’s more, we get to know the
gap with strong team after comparing with Italy National Team.

4. Last but not least, we generalize our model to more teamwork and indicate how
to build an effective team and give other important factors for forming an dynamic
team.

2 Preparation of the Models

2.1 Assumptions and Justifications

e The ball passing network is an undirected graph.

e The incoming player substitutes the outgoing player directly, withgnt:chas
the team formation. :
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e There is no difference between the opponents’ strength level, which lies in the
opponents’ counter strategy.

e Each player, either of Huskies or of opponents, has the same physical quality and
individual ability.

2.2 Notations

The primary notations used in this paper are listed in Table 1.

Table 1: Notations

Symbol Definition

L Total links of network
p Network Density

Wi Number of passes

dij topological distance
D Network Diameter

C(7) Clustering Coefficient
f ratio of goals to shots
d ratio of defenses to losses
© Distribution of contributes
ty 50-ball Passing Time
L Number of shots
i Number of defenses
S Score of teamwork
Bi Weight of indicators
Y Coordination among players

3 TASK 1: Ball Passing Network Model

3.1 Construction of Ball Passing Network

3.1.1 Ball Passing Network

Considering the relationship between players on the football field, the network for
the ball passing can be described as an adjacency matrix" in Data Structure. An ad-
jacency matrix can be generated to perform network analysis, which represents the
connections between a node (player) and an adjacency node (teammate). To generate
an adjacency matrix for network analysis, you must define criteria that characterize
the connections. We define w;; as the number of passes between player i and player ;.
The adjacency matrix between players can be expressed as:




Team # 2006782 Page 3 of 25

1 2 11
1 w11 Wiz -+ W111
2 Wa1 Woy1 -+ W211

, 1)
11\ W11,1 Wi1,2 - Wi111

In this paper, we assume that the ball passing network is an undirected graph, which
means the edge has no direction. Therefore, we have the number of passes between
players w;; = wj;

Meanwhile, the ball passing network can be vividly illustrated in Figure 1 by Gephi.

Figure 1: An example of the ball passing network

Where width of the links are proportional to their weights, while the size of the
nodes correspond to the number of passes.

3.1.2 Determination of Network Parameter

In order to further understand the network model, we should select some relevant
indicators. The ball passing network analysis of the Huskies was focused on the fol-
lowing four measures based on the connections between teammates: total links, density,
diameter, and clustering coefficient.

e Total Links L

The sum of the elements of each row of the adjacency matrix 2311:1 is the total num-
ber of passes between player ¢ and all other teammates, which is the degree in Graph
Theory. A node with a higher degree is a player who made more considerable passes
with most of its teammates. This shows that the player is involved in the attacking
development of his team..

In an undirected graph, the Total Links (L) between each team player is a significant
parameter in the analysis, which the value is half of the total sum of each adjacency

matrix row sum.
1 11 11
L=5) > wy (2)

j=1 i=1
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the team’s average total link index is higher than the average, which indicates a strong
cooperation among team members.

e Network Density p

Total Links is the number of absolute interactions between one player and another
player. However, the Network Density of team is a relative parameter, and it can also
measure the overall emotion between teammates."”’

In graph theory, the density of a graph is proportional to the maximum number of
possible adjacency edges. Let’s consider the number of edges in the graph as n. Thus,
the Network Density p is defined as the ratio of the Total Links L to the maximum number
of possible adjacency edges as follow:

L
c2’
L .

where in this paper the number of edges n = 11, so the density p = =

p= 3)

e Network Diameter D

The Network Diameter D of a network reflects how far, at most, two nodes in the
graph are. The topological distance d;; of the link between two players ¢ and j is de-
fined as the inverse of the link weight.

dy = — )

wij

The Diameter D of a graph is the maximum topological distance'” (the length of the
largest geodesic) between any two players and can be expressed as:

D = maxmaxd,;. 5)
i

In case of team players, a small diameter reflects a low maximum distance between
teammates, which may reveal that the team’s passing game was diffused among most
of its players (rather than a few acting as central ones).

e Clustering coefficient C(7)

Considering the network is weighted, we can not simply account for the number
of nodes connected between them but how the link weights are distributed. In the
case of the ball passing network, the number of passes between pairs of players is not

constant. As a consequence, we use a Weighted Clustering Coefficient” C.,(i) to measure
the possibility that a given player ¢’s teammates will also create a connection between

them:
Z Z Wi Wk Wik
Cu (i) = : (6)

E E Wi Wik

Where j and k are the two teammates of player i, wy; and wy, are the number of ball
passes between player i and both them. At last, the Clustering Coefficient C; for the
entire network is obtained by averaging C,, (i) for all players, i.e.

1 n
CE:E;;CMU

where in this paper the number of edges n = 11.

1 BREe

1 B EAA g
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3.2 Identification of Network Patterns

3.2.1 Team Formation

The formation of each game can be easily obtained by looking through the player
list. In the dataset provided for us, all players are placed in four positions, which are
goalkeeper, defense, midfield and forward. So when we study the formation in one game,
we place the players in the position his ID indicates, thus obtaining the formation. To
simplify the model, we assume that the substituted player replaces the player substi-
tuted directly, without changing the formation. We take the 1%, the 2" and the 4
match as examples. The formation of these matches means a teamwork strategy. Take
4-3-3 as an example, this formation means we have 4 defenses , 3 midfields and 3
forwards.

The 1%t match Huskies take 4-3-3 formation, while the formations of the 2" and the
4™ matches are 5-3-2 and 4-4-2 respectively. In each game, the coach will take differ-
ent formations according to the strategy, so figuring out the formation is important to
understand the strategy, thus better identifying the network pattern. However, forma-
tion just gives us a general view of the network. To identify the network pattern more
comprehensively, we need more details of the network.

3.2.2 Dyadic and Triadic Configurations

Considering the difference in opponent and strategy, the ball passing network we
build varies from match to match. Therefore, in order to identify the network pattern,
we need to analyze a specific game in detail. In this chapter, we take the 1°* match as
an example.

Gl D1 D2 D4 D3 M1 M2 M3 Fl

GIECSE 1/4  1/3 BES 1/8  1/4 = 1/2

D1 1/4 Bes 1/14 1/2 1/10 1/5

D2 1/3 o0 1710 1/2 |1/11) 1/3

D4ee <= 1/13) 1/4 1/10 1/4 174 1/2
D3 1/8 |1/14 1713 e 1/4 1/8 |1/14 176 1/3
M1 1/4 1710 1/4  1/4 BEEM 1/5 176 1/3
M2 172 1/2 1/10 1/8 1/5 BEeA41/13 174 1/6
M3ECEER 1/1011/11| 1/4 |[1/14 1/13CSREEm 1/10 1/3
F1 1/2 1/5 1/3 176 SISl 1/8  1/3
F2 176 |11/15{ 1/4 1/6 174 1710 1/8 BES 1/7
F'3[JS) 172 1/3 1/3 1/6 1/3 1/3 1/7 B

Figure 2: Topological Distance Matrix of the 15t match
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First, we apply our model to the 1% match and build the ball passing network. From
the adjacency matrix, the Total Links L and Network Density p can be easily obtained by
the equation (2) and (3) we give, which are 369 and 6.71 respectively. Moreover, we
can use the equation (4) to obtain the topological distance matrix (see Figure 2).

In the topological distance matrix, co means the distance between the two nodes
is infinite, which suggests that they don’t have any passing in the game. There is no
doubt that the statistics marked by red box is smaller than other statistic, which means
the two nodes are very close in topological distance.

In Graph Theory, we call these nodes with higher similarity (distance) cluster. There-
fore, the passing network has many clusters in it and we use a K-means Algorithm" to
classify the clusters in our passing network. The results have been shown in Figure 3.

Figure 3: Dyadic and Triadic Configurations

Consequently, we classify (01, D2, D3),(D1, M1, F2)and (M2, M3)into three
clusters, which are so-called Dyadic and Triadic Configurations. Also, we can conclude
that the passing network patterns involve one dyadic configuration and two triadic
configurations.

Then we explore more deeply on (D1, M1, F2). According to the passing net-
work, these three players make 227 passes in total, while the passes between these
three account for 26.7%. Moreover, the cluster coefficient C' of the three equals 7.31, much
smaller than that of the whole team (7.62), which means the connectivity between the
(D1, M1, F2)is much higher than that between the three and other players. In this
case, it’s more likely to form clusters just like these three players.

3.3 Other Structural Indicators

3.3.1 Time Scale

In a gesture to explore other structured indicators to evaluate the ball passing net-
work, we next analyse the time scale. As small as every minute and every second, and
as large as the entire game and season, the time scale can undoubtedly reflect the team’s
game status. In this part, we mainly discuss two aspects: 10-minute network passes and
the entire game network passes.
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e 10-minute Network Passes

When it comes to the relatively small period of time throughout the game, we have
to introduce the tempo in football. Tempo, in a word, is the speed of any movement or
activity, which mainly includes the speed of advancement, transmission, and running.
Players in the field determine when to be fast and when to be slow through factors
such as technology, vision, anticipation, tactics, and the actual situation of the game.

An important indicator of tempo is the number of passes. Team with more passes
in a unit time are those generate more passes in less time, and indicates that they have
a well capability of controlling tempo. In our case, we analyzed the effects of using
different time intervals ¢ of passes and chose ¢ = 10 min = 600 sec as a trade-off value.

At the same time, we take the 1°* match as an example to study the number of passes
of the Huskies every ten minutes, which is defined as a. Considering the interval
between two half, we didn’t talk about the number of ball passes between 40 - 45 min
in both half.

80
70
60
50
40
30 S
20
10 8
0 : f : f : f : 1 : f : 1 : f : 1 : f : |

Ball
Passes

Substitution Substitution Substitution
2nd half: 60 s 2nd half: 900 s 2nd half: 1920 s

A® @O 2@ @® Qo

Figure 4: 10-minute Network passes of Huskies in the 1! match

As is clearly depicted in Figure 4, Huskies” 10-minute Network passes is relatively
stable. From the timeline, we can find that in about 30 minutes, the Huskies changed
the tempo, the attack speed accelerated, and the rhythm showed a simple and bright.
In the last 10 minutes, the Huskies were relatively conservative and had fewer passes,
and we can attribute it to exhaust.

e Entire Game and Entire Season Network Passes

In this part, we explore the passing network at the level of the whole game. Using
the ball passing matrix and equation (2), we get the following Figure 5.

Six matches are chosen from different period of the whole season. As is shown in
Figure 5, we can conclude that at the beginning of the season, the teamwork perfor-
mance is unstable.

However, As the season progresses, the Huskies” performance has graduallx stabi-
lized, and a stronger connectivity between the players has also formed. =

RIE 2 BE R
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(a) Match 1 (L = 369) (b) Match 2 (L = 180)

(d) Match 4 (L = 354) (e) Match 10 (L = 359) (f) Match 13 (L = 347)
Figure 5: Entire Game and Entire Season Network Passes
3.3.2 Region Scale
In spite of time scale, we can also analyze the passing network by region scale. The

football field can be divided into eight regions averagely. Then we use the location
where each passes occur to have an overview.

Sk
gt o
AN gl |
B

Figure 6: An overview of the passes in football field

As is shown in Figure 6, Huskies make their most passes in the backcourt, which
is in line with their highlight in defense. Moreover, the connectivity between defense

passes in those regions with light color.
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4 TASK 2: Evaluation of Successful Teamwork

4.1 Identification of Performance Indicators

To further evaluate whether the teamwork is success, we should select some rel-
evant indicators. This paper simplifies the performance indicators into two aspects:
Static and Dynamic. The Static performance indicators mainly contain: Coordination
among players, Distribution of contributions. And the Dynamic performance indicators
involve: tempo, flexibility, Pressing.

4.1.1 Static Layer

e Coordination among players

In terms of coordination among players, we use cluster coefficient C' to quantify it.
One player’s cluster coefficient means his connectivity with other teammates. The
team’s average cluster coefficient embodies the level of coordination in the team. There-
fore, the higher average cluster coefficient C'is, the stronger coordination + is.

e Distribution of contributions

Considering the contribution distribution, we may consider the contribution of
each player into two aspects, namely forward and defense. Set the number of shots
per player i to j; and the number of defenses to v.

Below we discuss forward and defense success rates. Forward success rate can be
obtained by the ratio of the number of goals to the number of shots, which can be
described as:

Hgoal
f= , (8)
leil 12

Defense success rate can be obtained by the ratio of the number of defenses to the
number of losses plus one, which can be expressed as:

11
FEpYEL 9)
Noss + 1 '

Where we add one to the denominator of f to prevent the denominator from being
zero.

Then we get a parameter ¢ about Distribution of contributions:

o=fd (10)

Where Larger ¢ means fewer mistakes and more success.

4.1.2 Dynamic Layer

e Tempo

In TASK 1, we have talked about tempo by means of 10-minute Netwo k P ss_gs
which is the number of passes per ten minutes. However, when we dis
formance evaluation, the performance of 10-minute Network Passes is not "1'.1:5 KB RO

AR 2 BE IR
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we choose 50-ball Passing Time"'. We construct the 50-ball Passing Time with the aim
of accounting for the temporal evolution of the game. 50-ball Passing contain only 50
consecutive passes and are assigned the time of the last of these passes.

The 50-ball Passing Time ¢, is the time required to construct a 50 ball passes. It is
obtained subtracting the time of the first pass of the network from the time of the last
pass. Teams with shorter ¢, are those that generate more passes in less time.

o Flexibility

In this section, we use the y-coordinate standard deviation o, to represent team
flexibility. The better the team’s flexibility, the greater the standard deviation o,, and
the more the off-center disturbances occur. The flexibility can be marked as:

n <

o=~ ;- 7) 11)

As is shown in Figure 7, the team with higher o, has more attack strategy, either
from both sides or in the middle. In contrast, the team with smaller o, has fewer attack
strategy. As a result, if the opponents focus on the defense of the middle, they will not
be flexible enough to change their attack strategy like attacking from left or right.

100 100
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(a) Match with higher Flexibility o, = 33.70  (b) Match with smaller Flexibility ¢, = 26.66

Figure 7: Comparison of matches with different flexibility

e Pressing

Pressing is an indicator of offense and defense status. Gegenpressing refers to the
premise of the entire defense of the team, forcing the opponent to rush the ball from
the opponent’s backcourt. Pressing can be estimated by the expectation of the x-
coordinate.

When z = 50, we can consider that there is no gegenpressing and the situation on
the court is balanced; when z > 50, there is a situation of gegenpressing on football
field.

AR 2 BE IR
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a Low Pressing

J?'— Moderate Pressing

J?: Gegenpressing

Figure 8: Situation of Gegenpressing on football field

4.2 Evaluation model based on Adversarial Regression

We describe the performance of a team S during a football game by five network
measures extracted from its passing network: x; (Coordination among players ), x, (Dis-
tribution of contributions ), x3 (Tempo t,), x4 (Flexibility o), x5 (Pressing x). We compute
the five network measures of teams for every game and observe a correlation among
the proposed network measures and the success of a team during the competition, and
therefore set up a simulation experiment to validate our approach.

We simulate the result of the match i of the Huskies (or the opponent) through the
following five steps:

Step 1: For each of the two teams, we compute the score S of previous performances
of the team separately. (S; for the Huskies, and .S for the opponent)

S; = P1x1 + Poxe + Psxs + Paxs + Prrs (1 =1,2) (13)

Step 2: Compare the predicted measures of the two teams. If the Huskies win, S; > S5;
if they lose, 51 < Ss. When the two teams draw, there should be |S; — S| < 1.
If not, turn to Step 1.

Step 3: Through the former 2 steps, we can obtain all the possible solutions. Set the
standard deviation of Huskies” all matches as error value LowestError.

Step 4: We choose the weights with LowestError as the regression equation.

So far, we have established our Evaluation model based on Adversarial Regression. The
main reason is to introduce the opponent’s confrontation factors, which makes the
model more fair in evaluation and accords with the actual situation.

4.3 Application of Evaluation Model

e Data collection

In order to calculate the weight 3; in equation (13), we take the first 33 football
matches of this season as an example, as our training dataset, and the last 5 matches
as our test dataset, as shown in Table 2.

M
In our statistics of 33 matches, we cleaned and denoised the data. ":@

the 31% and 33 matched had certain problems. We artificially adjusted pATaAe et

AR 2 BE iR
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Table 2: Identification of performance indicators in 33 matches

ID‘ Coordination  Distribution Tempo Flexibilty Pressing
| H® O | H O | H O | H O | H O |

761 400 | 6225 12.60 | 539.50 1476.57] 32.42 28.58 | 42.37 51.23 | win
288 825 | 2871 11.17 | 1019.95 692.49| 29.30 27.34 | 46.36 49.81 | tie
510 9.00 | 843 34.17 | 634.78 596.98| 27.77 27.03 | 40.43 52.02 | loss
6.01 566 | 6.14 6240 | 760.01 934.64| 32.74 3194 | 4414 51.62 | loss

Result

TR N

30| 561 3.00 | 6225 7.13 | 70796 201852 30.94 30.18 | 50.75 58.75 | win
31| 658 421 | 20.10 13.87 | 986.98 1014.37 32.53 26.66 | 44.20 50.13 | win

327/ / / / / / / / / / /
33| 375 335 | 39.83 21.90 | 1159.30 479.62| 29.43 27.61 | 51.34 51.20 | tie

" We artificially adjusted the parameter value which the value is italic.
" For too large deviation, we discard the 32" match'’s data.
™ "H’ for the Huskies, and ‘O’ for the opponent.

value of Coordination among players v. The deviation of the 32"4 match’s data was too
large, and we rounded it off. And then we normalize the remaining data so that its
distribution satisfies zero-mean and unit variance.

e Training algorithm

For the data of 32 matches (rounded off the 32" match), we use a Greedy Algorithm
to experiment and calculate each possible weight 3; in the model. Then we put the
possible weights into the model, and put the data of 33 matches of Huskies into the
evaluation system to score, calculate the standard deviation sum of 33 games, and use
it as the LowestError of the evaluation model.

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Figure 9: LowestError of each possible weight

According to the training of the Greedy Algorithm, there are 20 groups of weight
coefficient combinations that meet the conditions. We calculate their lowestError re-
spectively. As shown in Figure 9, the group with the lowest lowestError is selected as
the final simulation result weight value Bi.

e Simulation results and accuracy test

According to our supervised observations of the model, the model can keep one dec-

imal place for the weight value of each indicator. Finally, we put the ]
into the test, and we can conclude that the model is valid. The model [éGRgiderétHa i /=
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regression formula for successful teamwork to be:

ie.

S =0.4v+0.6p+0.2t, +0.10, + 0.1z + C (15)
Where the minimum error in the optimal weight lowestError = 0.071, is valid for both
data fitting and model regression. Through this model, we can score the team for each

or teamwork for the entire season, and compare it with opponents, thus making the
model adaptable.

From the regression equation (15) we get, we can have a general idea about the
importance between the five indicators.

e The most significant factor is the Distribution of contributions as predicted, because
it is linked with the final result directly. There is no doubt that a team, where
every teammate contributes to the teamwork in his own position efficiently, has
the strongest energy.

o Next is the Coordination among players, which is not difficult to understand.

e Then comes the flexibility, tempo and pressing, which has relatively small weight,
however can’t be ignored.

4.4 Discussion

Depending on the model we constructed above, we can evaluate the success level
of teamwork. The higher the value of performance indicators are, the higher the score
S is. However, in the model discussed above, we haven’t taken the opponent into
account. It’s of great significance to clarify whether strategies are universally effective
or dependent on opponents’ counter-strategies.

From the Evaluation Model we built in this section, the weights of different indica-
tors are ascertained. It seems that as long as Huskies insists its strategy, which can be
embodied by the five indicators, the score remains the same. However, this thought
hasn’t taken opponents’ counter-strategies into consideration. We take the pressing as
an example and draw the following Figure 10.

Huskies e Opponent
65 ~
60
55 A
50 A
45 ~
40
35 A

30 \\\\}\\\\}\\\\}\\\\}\\\\}\\\\}\\\\}\\\\}\\\\}\\\\}
0 1 2 3 4 5 6 7 8 9 10

Figure 10: Comparison of Pressing

From the Evaluation Model we built in this section, the weights of di
tors are ascertained. It seems that as long as Huskies insists its strategy,

I ik a o
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embodied by the five indicators, the score remains the same. However, this thought
hasn’t taken opponents’ counter-strategies into consideration. For example, if the op-
ponent’s strategy makes the degree of pressing high, which means raise the Z,,ponent,
the Zpuskies Of Huskies will decrease accordingly. That'’s to say, the value of indicators
will be affected by opponents’ strategy, thus influencing the score. Therefore, the strat-
egy is not universally effective. Only by adjusting the strategy based on the opponents’
strategy, trying to make the total score higher or repress the score of opponents, can one
team make the likelihood to win higher.

5 TASK 3: Advice on Improving Team Success

5.1 Structural Strategy Analysis

After statistics of this season, the Huskies won 13 matches, lost 15 matches and tied
10 matches in 38 games. For the team, the year-end data of this season is not ideal. In
the next season, the team needs to make a huge change.

We have conducted a detailed analysis of the team data this season. In terms of
team formation, the formations used by different coaches are similar. From the data of
38 games, the main formation 4-3-3, 4-4-2, 5-3-2, each game basically changes between
these three formations. In general, we use 4-3-3 to represent the team’s offense more,
4-4-2 to represent a conservative formation, and 5-3-2 to represent a more defensive
formation.

Below we analyze the five performance indicators mentioned in TASK 2 to deter-
mine the tactical system suitable for the current Huskies team. From the five indicators,
we selected Coordination among players (an indicator of teammate teamwork), Flexibility
(an indicator of offensive line diversity), and Pressing (an indicator of team offense and
defense status) to explore the three formations. Fitness for the team. We use indicators
to determine the fitness of the three formations for the team separately.

Table 3: Fitness of the three formations for the Huskies

Formation Coordination Flexibility Pressing

4-3-3 5.1043 32.42 42.37
4-4-2 6.0104 40.88 43.58
5-3-2 7.5032 23.50 49.67

As is shown in Table 3, the most suitable tactical formation for Huskies last season
was 5-3-2.

e In this defense-based formation, the team’s teamwork and offensive oppression
are the highest, and it is the most effective strategy for now.

e However, this form of attack is not flexible enough, and the oppression is also
very poor. It is almost oppressed by its opponents in its own half.

So for Huskies at present itis urgent to i 1mprove the offensive ablhty to win the match

Py o
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such as Tiki-Taka (Barcelona), and Total Football (Netherlands). Considering the actual
situation of the Huskies, the most effective strategy is Defensive counterattack.

5.2 Comparison with Italy National Team

There are many teams that use defensive counterattacks in football, such as Real
Madrid and Atlético Madrid. Here we choose Italy National Team which play the
defensive counterattack to the extreme peak, and selected the classic battle - 2012 Euro-
pean Cup semi-final Italy v.s. Germany match data”, and compared with average match
data of the Huskies in this season.

ITALY ﬁ @ HUSKIES

Ball Control Rate
Shot
19 Success Duel
Offside [ 8 |
0 Foul
Coordination
Flexibility
Pressing

Figure 11: Comparison with Italy National Team

From the data in Figure 11, we can find that when facing opponents that are stronger
than themselves theoretically, such as Italy (FIFA World Ranking 14%) v.s. Germany
(FIFA World Ranking 1%"), whether it is in the case of Ball control rate, or shot is not
dominant, still won the match 2-1. The winning experience of the Italy is the flexible

change of formation and the effective counterattack strategy".

Below we comment on Huskies” performance in this season.

e The value of Coordination has been low, the team’s cooperation lacking, resulting
in a large number of Offside and Foul, unable to play a threatening cooperation.

e The number of Flexibility is not high enough. The team’s offensive line is actually
more simplistic. The tactics of the midfield straight out of the penalty zone cannot
guarantee the goal rate and attack efficiency. The Huskies must choose to start
from a wide open area.

e The Pressing value shows that the team is too conservative in defense. Most of
the time it has been active in its own half, staying away from the opponent’s goal,
it is difficult to pose a threat, which reflects the lack of offensive organization
ability of the team.

In summary, in the change of next season, we should mainly consider the three
indicators of Coordination, Flexibility and Pressing, improve the diversification of the
team’s offensive methods, and defensive counterattack with efficient arfd[thixe

organizations. ; 4 QiR e
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5.3 Advise on next Season

After analyzing our team’s network and strategy this season, in order to achieve
successful teamwork and better team performance next season, the changes that the
team needs to make now are:

Change 1: Adjusted the formation to a more flexible formation

From the data of this season, we can see that the team is good at defending
this work, but the cooperation is not enough. So we will choose 4-1-3-2

as the team’s main formation next season. It is flexible and can be evolved
into 5-3-2 and 4-3-3.

Change 2: Highlight the importance of core players

In team cooperation, we must make the best use of every character in the
team to maximize their value. From the situation of last season, M2 and
F1, F2 should be the core points of the offense. When M2 holds the ball,
it should The deformed formation is 5-3-2 or 4-3-3 to protect M2 players
from holding the ball. F1 and F2 should find more neutral and running
positions in the frontcourt to respond to the midfield pass.

Change 3: Coherence of possession and defense

The key to the 4-1-3-2 formation of ball control is not multi-ball control, but
to control the ball on the center line of the court as far as possible, where
Advance attack, retreat defend.

Huskies_D1
usl ’

\ / LIS IS

Huskies_D2 Huskies_F1

.'.(-—— : - ——=> =™

Huskies_| M2 Huskies_M5

Huskies_D3 / \ Huskies_F2

N
~— _ Huskies_M3 A

Huskies_D4

Figure 12: A schematic diagram of Defensive counterattack

As is shown in Figure 12, the white dotted line represents the player’s moving route.
Adapt to the player’s moving route, the 4-1-3-2 formation can be changed to 5-3-2,
4-3-3, 4-3-1-2 and other formations according to the situation on the c0,1.1.1;’;.Qr_,r’r.h_§I P+

ponent’s strategy. The red solid line represents the team’s pass line when éjﬁéﬂ% "Th o
initiator of the attack is usually organized by M2. At this time, M1 and M3'freedstotbac KA PR
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up and protect M2 to control the ball, or insert to create an offensive opportunity. The
yellow solid line represents the passing route when defensive is needed or when there
is no good offensive neutral, increases the ball control rate, and stabilizes the ball right
near the center axis. The yellow Warning sign barrel represents the position that the re-
turning player needs to return. The orange flag bucket represents where the offensive
player can launch a threatening attack.

6 TASK 4: How to Design more Effective Teams

6.1 Generalization of our Model

In a gesture to design more effective teams, we can generalize our model to other
practical teamwork. It is of great significance to understanding the complex set of
factors that make some groups perform better than others. In this chapter, we make
several analogies to the indicators we used in the team sport model.

e Coordination among teammates

. o0
e
o
A\

Figure 13: Coordination among teammates

Similar to the connection between players, the closeness of connection between
colleagues is also an important indicator of teamwork. In terms of the coordination
among teammates, we can use the informational passing distance d to quantify this pa-
rameter, which means the number of the teammates the instruction get through when
it is being passed between the team. Just as Figure 13 shows.

The distance between A and B is 1, while A is 3 away from C. Then we can get a
similar network matrix like passing matrix. In this way, cluster coefficient can also be
used here to quantify the coordination among teammates.

e Distribution of contributions

For teamwork, a reasonable and appropriate division of labor is also an important
indicator of cooperation efficiency. In teamwork, everyone should perform his or her
own duties to promote strengths and avoid weaknesses.

Unlike football games where contribution can be easily divided into two aspects,
offence and defense, the contribution in other teamwork is more complex. Each team-
mate has his or her own position and performance evaluation criteria. Therefore, for
people in different position the quantification rules vary from each other.

e Flexibility

In teamwork, it is inevitable that we will encounter difficulties and setbacks. At this
time, we need to be flexible to make changes and try boldly. The Huskies performed
poorly with the 4-3-3 formation in the 9th match, but later quickly changed to reverse
the situation. | igF Al

: TR R
With reference to the variety of attack strategy, we can make an apale SR R
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standard deviation of z-coordinate value where each passing event happens. For each
team, the final target may be unique, but the plan isn’t limited. Consequently, we can
use the standard deviation of the number of people dispatched to different plans to
quantify the flexibility.

6.2 Other Aspects

Considering the complexity in other practical teamwork, we need to take more
aspects into consideration to develop generalized models of team performance.

o Ideal leadership style

Each team has one leader, who help leverage the skills of all their teammates and
make overall plan. A good leader can make teamwork more efficient. Therefore, it is
important to evaluate the leadership and leadership style.

There are many leadership styles. A leader will lead several people directly or
indirectly. We can use the distance to quantify the leader’s leadership intensity I as the

formula shows:
N
[ = —. 16
; . (16)

Where N is the total number of people the leader leads, and dy is the distance between
the person and the leader. The management scientists make out a leadership intensity
standard”. When this leadership strength is exceeded, the leader will be tired in the
management process. On the contrary, when the management intensity is too low, the
managerial talents are not fully applied, which causes the idleness of human capital.
Therefore, building a leadership model and choosing the ideal leadership style also
play a dominant role.

o Effective coordination over time

The effective coordination can be expressed as follow:

N
Z twork
E=%2—.

ttot al

(17)

Where t,,x is the total time one person working, and ;.. is the total duration of the
entire cooperation.

For example in football game, as one player steals the ball from an opponent, an-
other player is poised for offense. Their total working time is definitely larger than the
time the whole event takes, which means they have higher effectivity. In comparison,
we can also use this method to quantify the effective coordination over time.

7 Analysis on Model’s Sensitivity

7.1 Evaluation Model sensitivity to Draw situations

When studying the Evaluation model in TASK 2, we dealt with the stﬁu 10
the two teams were tied by absolute difference. When the difference in
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of evaluation score S is less than 1, we regard this situation as the indicator passed.
Next, we will study the influence of the constraints on the difference between the scores
of the two teams (error limit) on the weight value f3; in the model.

We let |S; — S3| < &, where error limit ¢ € [0, 2]. We substitute the error limit into
the model algorithm, calculate the value of each weight 3, under different error limit ¢,
and calculate the lowestError. Finally, we draw a visual smooth curve like Figure 14.
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Figure 14: Five performance indicators and lowestError with different error limit e

In Figure 14, we can see that when € < 1, the lowestError has been kept at a low
level. However, at this time the weights of the five indicators of the model have been
in a chaotic state and cannot reflect the reality and the importance of the indicators.
When ¢ > 1, the weight of each indicator is relatively stable. At this time, we must also
consider the value of lowestError, and the deviation should not be too large. It can
be seen that when ¢ = 1, 1.5, 1.8, it is more reasonable as a tie. So our model is more
sensitive to the situation of a draw.

7.2 Analysis on performance indicator Tempo

In Task 2, the quantitative indicator for reflecting the Tempo on the football field
is the time it takes for a player to pass 50 goals. Here we consider whether the time
when players pass 10, 30, 50, 70, 90 balls can appropriately reflect the changing rhythm
on the court. In order to make the time of different foot counts analyzable, we choose
the same game time to prevent the situation where tempo cannot be compared due to
different time intervals.

After our analysis of the data, we chose 46 s - 1305 s in the first half of the match.
And we removed the 10-pass and 90-pass time because their time is too short or too
long to analyze the sensitivity. Through calculation, we obtain the time curve of ball
passing time per 30, 50, 70 passes during this period.

As can be seen from Figure 15, when calculating the 30-pass time, the curve shows
more jagged parts, that is, the tempo on the football field has a clear turning point.
This is well understood according to the actual situation of the football field. When
dividing the passing time, the tempo displayed on the court will not change much
(i.e., it is difficult to change the defensive or offensive rhythm within 30 feet). When
calculating the 70-pass time, there is almost no change in tempo on the fi
obviously not reasonable. The tempo indicator in our model is sensitive

AR 2 BE IR
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=30 ball passing
—— 50 ball passing |4
70 ball passing
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Figure 15: Ball passing time per 30, 50, 70 passes

of passes hence. This is why the 50-pass time is the most scientific and reasonable to
calculate tempo.

8 Strengths and Weaknesses

8.1

8.2

Strengths

The selection of the network parameters of the passing network is scientific and
reasonable. The network model is highly applicable and can reflect the charac-
teristics of various aspects of the team and the evaluation scale.

The evaluation model also introduces the opponent into the evaluation system.
In order to be able to compare against the Huskies team, the weight coefficients
of the five indicators are returned to be more scientific and reasonable.

Our model analyzes the Huskies team’s data thoroughly, finds more effective
strategies for the team, proposes constructive changes, and visualizes our strate-
gies.

Weaknesses

Our model did not have enough analysis and processing for the eventsubtype
part, and did not take out each team member for individual analysis.

The indicators of the popularization model cannot be quantified, resulting in a
low persuasibility of the model.
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Appendix: Code

TASK 1 - matrix.m

clear, clc

w=zeros (11,11);
data=xlsread('MatchIDl.x1lsx’);
[m,n]=size (data);

%% Calculate the number of passing balls between each player
for i=1:1:m
w(data(i,1l),data(i,2))=w(data(i,1),data(i,2))+data(i, 3);
w(data(i,2),data(i,1))=w(data(i,2),data(i,1))+data(i, 3);
end
for i=1:1:11
w(i,1)=0;
end

=

%% Calculate the Total Link
=0;
for i=1:1:11
for j=1:1:11
L=L+w (i, 3);
end
end
L=L/2
%% Calculate the density of match
pho=2xL/ (n* (n-1))
%% Calculate the topological distance
d=zeros (11,11)-1;
for i=1:1:11
for j=1:1:11
if w(i, j)~=0
d(lrj)=l/W(le)r
end
end
end

=

[o}

%% Calculate the matrix of distance
0;
for i=1:1:11
for j=1:1:11
if d(i, j)>D
D=d(i,j),‘
end
end
end
D
%% Calculate the cluster coeffient of each player
Cw=zeros (11,1);
for i=1:1:11
s=0;
for j=1:1:11
for k=1:1:11
if i~=3j && j~=k && i~=k
Cw(i)=Cw(i)+w (i, J)*w(j, k) »w(i,k);
end
if i~=3 && i~=k
s=s+w (i, j)~w(i, k);
end

g
Il
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end
end
Cw(i)=Cw (i) /s;
end
Cw
%% Calculate the cluster coeffient
C=0;
for i=1:1:11
C=C+Cw (1) ;
end
C=C/11

TASK 1 - passingtime.m

clear, clc

time=xlsread (’'passingtime.xlsx’);
t=[];t_s=1I[1;

i=1;k=0;

%% Calculate the time of 50 passing ball
[m,n]=size (time) ;
while time (i, 1)==1
k=k+1;
t(k)=time (i+49,2)-time (i,2);
t_s(k,1l)=time(i,2);t_s(k,2)=time (1+49,2);

i=1+50;
if time (1+49,1)~=1
break
end
end
% Judge the half part of the match
while time (i, 1)==1
i=i+1;
end
while time (i, 1)==2
k=k+1;

t(k)=time (i+49,2)-time (i, 2);
t_s(k,1l)=time(i,2);t_s(k,2)=time (i+49,2);
1=1+50;
if i+49>m
break
end
end

o\°

% Calculate the number of passing balls in 10 minutes of the overall match
[n,gl=size(time);

o\

% t=10;

5 i=1;p=[1;k=0;

% while time (i,1)==1

% if time(i,2)-time(1l,2)> (k+1) *xt*60
% k=k+1;

% if k==

s p(k)=1i;

% else

g p(k)=i-sum(p);
% end

% end

% i=i+1;

% end

% J=i;m=k;

o\

while time (i,1)==2
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o\

if time(i,2)-time(j,2)>(k-m+1)*x60xt
k=k+1;
p (k) =i-sum(p) ;

end

i=i+1;

o oo oo

o\

if i>n
break
end
end

o oo o

o\

TASK 2 - AdversarialRegression.py

import numpy as np
import pandas as pd

def writeTxt (resultl, result2, fileName):
f = open(fileName,’a’)
for ele in resultl:
f.write(str(ele)+’ ')
f.write (str(result2))
f.write("\n’)

def read_csv (filename) :
read_file = pd.read_csv(filename, header = None)
read_file = np.array(read_file)
return read_file

def panduan (w, re,vec_one,vec_two,m) :
flag=1
for i in range(m):
if rel[i]l==
yl=np.dot (vec_one[i], w)
y2=np.dot (vec_two[i], w)
if yl<y2:
flag=0
break
elif re[i]==-1:
yl=np.dot (vec_one[i], w)
y2=np.dot (vec_two[i], w)
if yl>y2:
flag=0
break
else:
yl=np.dot (vec_one[i], w)
y2=np.dot (vec_two[i], w)
if abs(yl-y2)>1:
flag=0
break
return flag

def lowestError (w,vec_one,vec_two,m) :
y=1[1
for i in range (m):
yl=np.dot (vec_one[i], w)
y.append (y1)
return np.var (y)

vec_one=read_csv (’Huskies.csv’)
vec_two=read_csv (' Opponent.csv’)
re=read_csv (' result.csv’)
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fileName = "var_y.txt"
m=vec_one.shape[0]
k=0

for wl in range(1,10):
for w2 in range(1,10):
for w3 in range(1,10):
for w4 in range(1,10):
for w5 in range(1,10):

w=np.array ([wl,w2,w3,wd,w5])*0.1

print (w)

if panduan (w, re,vec_one,vec_two,m) :
s=lowestError (w, vec_one, vec_two,m)
k=k+1
writeTxt (w, s, fileName)

else:
w=[]

# for j in range (20):

# for wl in range(1,10):

# for w2 in range(1,10):

# for w3 in range(1,10):

# for w4 in range(1l,10):

# for w5 in range(1,10):

# w=np.array ([wl,w2,w3,wd,w5]) 0.1

# print (w)

# if panduan (w,re,vec_one,vec_two,m, j) :
# s=lowestError (w, vec_one, vec_two,m)
# k=k+1

# writeTxt (w, s, fileName)

# else:

# w=[]

print ("sum of result:")
print (k)
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