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Abstract

This paper aims to find the formation with the best line-up of the Liverpool FC football team in the English Premier
League in the 2020/2021 season. Researchers used binary integer programming (BIP) modeling to determine
optimum solutions. The data used for this optimization is the rating value of the players recorded in the
performance data from the previous matches. The optimum result of this problem is the selection of variables that
are valued at 1, namely {xy, x4, X¢, Xg, X11, X18, X21, X28, X34, X37, dan xsq4 } for formations 4-3-3 with a maximum
value of 82.47, and variables {x;, xq, X7, Xg, X11, X14, X16) X29, X31, X35, dan x,, } for 4-2-3-1 formations with a
maximum value of 80.04. The 4-3-3 formation is more effective because it has a higher maximum rating than the
4-2-3-1 formation. 4-3-3 formation is an attacking formation with a higher intensity of attack and faster than 4-2-
3-1 formation that tends to defend moderately.

Keywords: Sport, football, football Line-up, football formations, optimization, binary linear programming, binary
integer programming

1. Introduction

Formation in football is a very important thing element in implementing a coach's strategy. In addition
to the formations used, the coach is also very concerned about how the selection of the line-up of players
will be used as starting eleven. The coach will prepare some line-up plans that will be used in a match to
be played. The line-up used will see and depend on the pattern or formation that the opponent will
takedown. Many previous studies have discussed formation in football. The paper (Bradley et al., 2011),
describes the comparison of formations in football used in the English premier league. The study
formulated the influence of playing formations on high-intensity runs and technical performance during
elite football matches. The results state that 4-3-3 formations produce the highest intensity compared to
other formations. Meanwhile, for the best ball possession obtained by a 4-2-2 formation. It is well known
that the 4-3-3 formation does not touch the ball much 1-2, but instead relies on long passes. It was also
mentioned in the research (Carling, 2011), that the 4-2-2 formation gives more role to the midfielder in
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doing the bait spread. A formation can be said to be good if it gets an effective playing effect in the
match. In addition to the winning score, there are other important elements, namely, the movement
pattern determined by the Global Positioning System (GPS). On the 5 most common game formations (4-
4-2; 4-3-3; 3-5-2; 3-4-3; 4-2- 3-1) used in 11-on-11 football games in England, GPS includes, Total
distance data (TD), high speed (HSR), high metabolic load distance (HMLD), high-speed acceleration
(Acc), and deceleration (Dec) (Venter et al., 2011; Aquino et al., 2019; Aquino et al., 2019). The 5
formations can be applied capriciously depending on the situation of the game during the game. Teams
choose between defensive and attacking formations and between hard playing styles and soft playing
styles (Dobson and Goddard, 2010). in other conditions, the trainer will also apply win-stay loss-shift, in
determining formation decisions. In other words, they tend to stick to the current formation after winning
and switch to another formation after losing. This is practical, but not a good way to choose a formation
(Tamura and Masuda, 2015).

This research discuss how a trainer can determine the best line-up that can be used on starting eleven
formations. Performa players in previous matches are considered, then selected the most maximum
players to occupy the position in the formation that the coach will determine. Unlike previous studies (He
et al., 2018; Ge et al., 2020; Be et al., 2020), which used stage multi modeling in determining formations,
this study used optimization methods in selecting the maximum performance of the players obtained from
historical data. So the study selected a formation, then determined a suitable line-up in the formation. The
optimization method used is the optimization of the binary integer programming (BIP) model. The
previous most common and frequently used BIP was in scheduling issues distributing an object (Pan and
Chen, 2005; Correa et al., 2015; Wong et al., 2006; Brey et al., 2012; Ziaee and Sadjadi, 2007,
Balouchzahi et al., 2015; Gholamnejad and Osanloo, 2007). While scheduling on this research expanded
its use into the formation of player line-ups. In this study also, we can see that the problem-solving BIP
complex and many variables, will be able to be solved with mathematical computing.

2. Materials and Methods
2.1. Materials

This research seeks to determine the best line-up by choosing the optimal solution of player rating
performance based on historical data, by identifying the position of each player that will be used as an
obstacle. The research focuses on data on Liverpool FC players who competed in the Premier League in
the 2020/2021 season until week 11. This optimization maximizes the rating of the players (see Table 1)
already loaded on the web: https://www.whoscored.com/. The player's rating is accumulated based on
several aspects of value, namely, minutes played, total assists, pass success percentage, total goals, shots
per game, aerial duels won per game, and man of the match.

The position of the players is generalized into 10 important positions, namely, GK (goalkeeper), DC
(defender center), DL (defender left), DR (defender right), DM (defensive midfielder), CM (central
midfielder), AM (attack midfielder), FWL (forward left), FWR (forward right), and FW (forward). From
those 10 positions, the next 11 players will be selected to fill the starting eleven, based on the team
formation often used by Liverpool FC. These are 4-3-3 attack formations and medium defensive
formations 4-2-3-1 (see Figure 1).
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Table 1. Player rating based on frequently played positions in the 2020/2021 season

Player Position

GK DC DL DR DM CM AM FWL FWR FW
Alisson 6.81 - - - - - - - - -
Adrian 5.86 - - - - - - - - -
van Dijk - 662 - - - - - - - -
Gomez - 6.91 - - - - - - - -
Robertson - - 685 - 6.97 6.64 - - - -
Matip - 6.69 - - - - - - - -
Phillips - 7124 - - - - - - - -
Arnold - - - 693 6.4 - - - - -
Williams - - - 6.63 7.66 7.77 - - - -
Fabinho - 7.11 - - 6.58 - - - -
Wijnaldum - - - - 6.64 6.74 7.16 - - -
Thiago - - - - - 7.38 - - - -
Milner - - - 8.15 - 6.97 - - - -
Keita - - - - - 6.43 - - - -
Henderson - - - - 6.8 6.7 - - - -
Jones - - - - - 7.13 - - - -
Shagqiri - - - - - 649 6.52 - - -
Firmino - - - - - - 6.8 - - 6.99
Mané - - - - - - 7.24 7.56 - -
Salah - - - - - - - - 742 6.8
Minamino - - - - - 6.05 - - - 6.03
Jota - - - - - 939 6.77 723 784 822
Origi - - - - - - - 6.4 - 5.84

4-2-3-1

Figure 1. The line-up formations that will be used.
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The completion of optimum solutions in this research will use computing with the help of R
Programming software.

2.2. Methods

The data obtained, then done BIP modeling by maximizing an objective function. The modeling is
generally written as follows (Hillier and Lieberman, 1995):

Maximize Z = cyxq + cyx5 + -+ + Xy (1)
subject to the restrictions,

a11x1 + a12x2 + e + alnxn S b]_ (2)

Az1%1 + AzpXp + -+ AgpXn < b2 3

Am1X1 + QaXe + o+ AQpnXy < bm, (@)
and,

X1,%X2, ... ,Xp = 0o0r 1 (binary) (5)

Maximize of the Z function in (1), is the maximum value of the rating of Liverpool FC players to be
selected into the Line-up. x,, is a variable that represents each cell that contains the rating of the players
(see Table 1). xq, x5, ... , X453 Sorted from top to bottom from the first column to the last column in table 1.
For example, x; is Alisson as GK position, x, is Adrian as GK position, so x,3 is Origi as FW position.
Note that equation (5) requires that each variable x,, to be specified is a binary value. The Binary criteria,
meaning 0 is "NO", and 1 is "YES". "YES" means the absolute decision that the player in question is
selected as one of the players for the starting eleven.

Note figure 1 that for 4-3-3 formations require DC as many as 2 players, CM as many as 3 players,
and for GK, DL, DR, FWR, FW, and FWL will be selected as many as 1 player each. As for the 4-2-3-1
formation, 2 dc players will be selected, 2 players as DM, 3 players in AM position, and for players with
GK, DL, DR, and FW positions, 1 player will be selected.

3. Results and Discussion

Based on the equation (1) - (4) it can be written a following objective function,
MaXImIZE Z = 6.81x1 + 5.86XZ + 6.62.X3 + A + 6.03.X4_1 + 8.ZZX42 + 5.84X43 (6)

The constraint function is separated into 2 parts each to maximize the line-up of 4-3-3 formations and 4-
2-3-1 formations.
Subject to the restrictions (for a formation 4-3-3),

x1+x2+X3+"'+X41+X42+X43 = 11 (7)
x1 + x2 - 1, (8)
X3+ x4+ X5+ x5+ X7 =2, 9)
x8 - 1, (10)
xg + xlo + x11 - 1, (11)
X17 + X1g + X19 + Xo0 + X3 + X33 + Xo3 + Xog + Xo5 + Xo + X37 + X35 = 3, (12)
X34 + X35 + X36 = 1, (13)
X37 + X3g = 1, (14)
X39 + Xg40 + Xgq + X4y + X453 =1, (15)
Xg+x17 < 1, (16)
X10 + X18 < 1, (17)
X7 + X19 < 1, (18)
X11 x5 <1, (19)
X37 + X40 < 1, (20)

X7+ X41 S 1, (21)
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(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)

2,
=3,
=1,

2,

,X43 are binary
,X43 are binary

1,

X3+ X4 + X5+ X6 + X7

x8=1,
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X1, X2, X3, X4, X5, X6, X9, X20, X21, X23, X24, X25, X26, X34, X39 < 1,
X1,X2,X3,

x1+x2 +x3 +"'+x41+x42 +x43 = 11,
X1,X2,X3, X4, X5, X6, X7, X11, X16, X305 X32, X40, X41, X43 < 1,

Xog + X35 + X35 + X4y < 1,
X36 + X33 < 1,

Xg + X109 + X171 =1,

X12 T X13 + X194 + X15 + X156
X29 T X309 + X371 + X32 + X33
X39 T X40 T X417 + X42 + X43
Xg + X1 < 1,

Xg + X13 < 1,

X10 + X14 < 1,

X15 + X29 < 1,

X317 +X39 < 1,

X7 +X4,1 < 1,

X33 +X4,2 < 1,

X1,X2,X3, .

x1+x2
.74,7.38,6.97,6.43,6.7,7.13,6.49,6.05,9.39,7.16,6.52,6.8,7.24,6.77,7.56,7.23,6.4,7.42,7.84,6.99,

c(6.81,5.86,6.62,6.91,6.69,7.24,7.11,6.85,6.93,6.63,8.15,6.97,6.4,7.66,6.64,6.8,6.64,7.77,6.58,6
6.8,6.03,8.22,5.84)

Mathematical computation using R studio for optimization problems in the 4-3-3 formation line-up,

# Import IpSolve package
# Set matrix corresponding to coefficients of constraints by rows

# Set coefficients of the objective function
f.con <- matrix(c

Subject to the restrictions (for a formation 4-2-3-1),
f.obj <-

library(IpSolve)

//////////////////
B =R IS T S S O O O O S O O O )
T OO 0O 00O 00O N OO OO oS
T T I T S
A R RS RS RS S TS TR RS TSR S S SN N
N S S
B - IR TR S I S S S O O S O RS S )
I RS SIS IS RS T S O N N S SN SN S y
R S S S S S R
H O OO OO O " T OO OO OO O OO
R S S O S S T Y
B - RS T S O e o O O RS TR BESNR SIS
e SIS IS I T e N N N S N SN NP NI
S S S S S O ST
B RS SRS T S TR TS RS SN SN S S SN
S S S S S
R I RS RS IS T I S e e O N N S N S PN
S S S
H O OO OO O OO OO DO ODOoO OO O
T S S S S S Y
H O OO OO O OO OO O OO OO OO O
S S S S S
B RS K S RS R SN e O O O O O - IS JESUESNR S
S S S
H O OO OO O OO OO DO ODOoO OO O
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H O O OO M1 OO OO OO 1O OODO
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0, 0¢90099°090090909%911111°%0°9°090°0°0°000090°0011111°070070°70°0700 00
,nrow = 19, byrow = TRUE)

# Set unequality/equality signs
f. dir <_ c (”: ”, ”:”, ”: ”, ”:”, ”: ”, ”:”, ”: ”, ”:”, ”: ”, ”<= ”, ‘\<= ”, ”<= ”, ”<= ”, ”<= ”,
H<=H, H<=H, H<=H, H<=H, H=H)

# Set right hand side coefficients
f.rhs <- ¢(11, 1, 2, 1, 1, 3, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 15, 0)

# Final value (z)

lp("max", f.obj, f.con, f.dir, f.rhs, int.vec = 1:16, all.bin = TRUE)
Success: the objective function is 82.47

# Variables final values

lp("max", f.obj, f.con.A, f.dir.A, f.rhs.A, int.vec = 1:16, all.bin = TRUE) Ssolution

(111001010100100000010010000001000001001010000

From computing completion, optimum solutions are obtained to determine the best line-up in the 4-3-3
formation of {x;,x,, x5, .. x43}={1, 0, 0, 1, 0, 1, 0, 1, 0, O, 1, 0, 0, O, 0, 0O, O, 1, 0, O,
1, 0, 0,0 000100000100 1,0 1, 0, 0, 0, 0}with a maximum value of
82.47. While the optimum solution to determine the best line-up in the 4-2-3-1 formation is
{x1,%5,%3,... X43}=1{1, 0, 0, 0, 0,1, 1,1, 0,0, 1,0, 0,1, 0,1, 0,0, 0,0, 0,0, 0,0,
o 00010110 00 0 0, 0,0 0,0, 1, 0}with a maximum rating of 80.04. So each
variable is selected as the best line-up of the two successive formations, namely
_{I_x1t;|x4é;C6:x8:x11'x18:x21'x28'x34;x37'x39} and  {x;,Xe, X7, Xg, X11, X14, X16, X29, X31, X32, X42 } (€€
able 2).

Table 2. The optimum solution for the 4-3-3 and 4-2-3-1 formations

4-3-3 Formation 4-2-3-1 Formation
Binary Binary
variable hasa Player Name  Position Rating | variable hasa Player Name  Position  Rating
value of 1 value of 1
X1 Alisson GK 6.81 X1 Alisson GK 6.81
Xy Gomez DC 6.91 Xg Philips DC 7.24
X Philips DC 7.24 X Fabinho DC 7.11
Xg Robertson DL 6.85 Xg Robertson DL 6.85
X11 Milner DR 8.15 X11 Milner DR 8.15
X1g Williams MC 7.77 X14 Williams DM 7.66
X321 Thiago MC 7.38 X16 Henderson DM 6.80
X8 Jota MC 9.39 X9 Wijnaldum AM 7.16
X34 Mane FWL 7.56 X31 Firminho AM 6.80
X37 Salah FWR 7.42 X332 Mane AM 7.24
X39 Firminho FW 6.99 X42 Jota Fw 8.22
Max Z 82.47 Max Z 80.04

The optimum solution, shown in Table 2, can be formed into the line-up formation in Figure 2.
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FWL FW FWR
Mane Firminho Salah

1,56 6,99 7,42
AN
Wijnaldum
1,16

M

Williams DM DN

HendersOnme==Williams
() 1,66

Milner

4231 60

Figure 2. The best line-up for the 4-3-3 and 4-2-3-1 formations

Note that the maximum rating in the 4-3-3 (82.47) formation is greater than the maximum rating in
the 4-2-3-1 (80.04) formation. It can be said that a 4-3-3 formation is more effective in a match. The 4-
3-3 formation has a very high intensity of attack and applies a faster pattern of play. The formation also
provides many opportunities for forwards (FWL, FW, and FWR) to create assists and goals. In contrast
to the 4-2-3-1 formation that applies a slightly defensive strategy with the two DM players he uses. In
figure 2 also shown several players can be used in two different formations. The players are Alisson,
Robertson, Philips, Milner, Williams, Jota, Mane and Firminho. Those players have excellent ratings in
both line-ups.

4. Conclussion

BIP optimisation process in this study obtained optimum results for line-up formation 4-3-3 by
producing selected variables worth 1 namely: {x;, x4, X6, Xg, X11, X18, X21, X28, X34, X37, X39 }, With a
maximum value of 82.47. As for the 4-2-3-1 formation, it produces selected variables that are valued at
1: {xq, xg, X7, Xg, X11, X14, X16, X209, X31, X32, X4 } With @ maximum value of 80.04. These variables can be
represented as player names and player positions that can be seen in Table 2 and Figure 2. The author
may conclude also that 4-3-3 formations are more effectively applied than 4-2-3-1 formations. This can
be seen from the comparison of the maximum rating values of the two formations. The 4-3-3 formation
is more attacking (compared to the 4-2-3-1 formation) relying on the speed of the forwards with the
support of more dominating midfielders.
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