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Configuration Manual

Coenraad Lukas Odendaal
Student ID: x23130512

1 Introduction
This configuration manual helps setting up the environment to successfully execute the

code/analysis for the research project. It includes the hardware and software requirements, all
the python libraries used, and all tools used in the creation of this project.

2 Hardware Requirement

This project used a personal laptop, with the below hardware:

Device specifications

Device name Lukas-Odendaa

Processor 13th Gen Intel(R) Core(TM) i7-13700H (2.40 GHz)
Installed RAM 40.0 GB (39.6 GB usable)

Device ID DFE3E830-257F-403E-8DF8-BFA04B54D18D
Product ID 00342-21117-13581-AAOCEM

System type 64-bit operating system, x64-based processor

Pen and touch Mo pen or touch input is available for this display

Figure 1. Hardware Requirement

3 Software requirement

The environment used for this project is Jupyter notebook in the anaconda environment and
listed below are the software used in this project as well as the libraries and tools used for this
project. All these tools need to be installed in the environment, before the executing of
notebooks.



All applications ~ on Channels

PyCharm

MSCFinalProject311 v

Anaconda Al Navigator

The only Python IDE you need - built For
dats and A/ML professionals. Supercharged

Access various large language models
(LLMs) curated by Anaconds, and start
with an Al-enhanced IDE experience. Free everaging secure local Al today.

forever, plus one menth of Pro included

| Install | | nseall |

EduBlocks IBM watsonx

Web-based coding platform from

Anaconda designed For students. Learn

Python ceding through an interactive,
block-based visual environment.

1BM watsonx is an enterprise-ready Al

platform including 2 data store, model

builder, and Al model management and
monitering.

| Launch | | Launch |

JupyterLab supercharged with 3 suite of
Anaconds extensions, starting with the
Anaconda Assistant Al chatbot.

€I Data Science offers 2 machine learning
platferm to build, train, manage, and

deploy your machine learning medels en

the cloud with your favorite open-seurce

] ] &

7S »] d

"v- 4 ] 'A
K3 (S Jupyter

. A

S ‘\../

Anaconda Toolbox Anaconda Cloud Notebooks JupyterLab Notebook
4400 5 A4

Anaconda Assistant Cloud-hosted notebook service from An extensible environment For interactive Web-based, interactive computing

Anaconda. Launch a preconfigured notebook environment. Edit and run
environment with hundreds of packages
and store project files with persistent

cloud storage.

2nd reproducible computing, besed on the
Jupyter Notebook and Architecture human-readable docs while describing the

data analysis

| nseat | | Launen | | Launch |

\' Launch |
o
Ee
ORACLE S5y
Cloud Infrastructure <1/J KN
Oracle Data Science Service PyScript PythonAnywhere anaconda_prompt

110

Code and share Python in the Browser. A Host, run, and code Python in the cloud! Opens a terminal instance with conda

vibrant community of makers, builders, Get started for free. activated (requires menuinst 2.1.1 or

and hackers building the next frentier of greater).
Pythan-pewered web applications.

tools

| Launch | | Launch | | Launch | | mnstalt |

Figure 2. Anaconda Environment

Tablel. Software requirements

Software
Operating System
Programming Language:
Development Environment:
Core Data Processing Libraries:

Machine Learning & Modelling:

Visualisation Libraries:

File Handling & Storage:

Data Source:

Metric
Windows 10 (64-bit)
Python 3.10
Jupyter Notebook
e NumPy for numerical computation
e Pandas for data manipulation and transformation
e SciPy for statistical operations

e Scikit-learn for feature scaling, model evaluation and
probability estimation

e XGBoost for gradient-boosted classification for pass
success prediction

e Joblib for model persistence and loading

e Matplotlib for primary plotting and time-series
visualisation

e Seaborn for statistical visualisations and distribution
plots

e (CSV and NumPy binary formats for structured data
outputs

e JSON parsing utilities for StatsBomb raw data
extraction

StatsBomb Open Event Data (JSON format)
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import os import pandas as pd

%MPDTT joblib import numpy as np

?-'"PC"'T numpy as np import seaborn as sns

import pandas as pd import matplotlib.pyplot as plt
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from sklearn.model_selection import train_test_split

from sklearn.p

reprocessing import StandardScaler

from sklearn.linear_model import LogisticRegression
from sklearn.metrics import (
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from sklearn.calibration import calibration_curve
from xgboost import XGBClassifier

Figure 3. Libraries used

4 File Structure

Below gives the file structure and sub file structure for the project to be successfully
executed. The libraries file contains all the libraries used in the project; it is not necessary for
the project to be complete. The raw file contains to sub folders named “events” and “raw”
containing the JSON files for events and lineups. All notebook files and the folders need to
be stored in the root of the project as well as the “raw”, “processed”, “outputs” and “models”
folders. There will be two folders inside the “raw” folder named “events” and “lineups” as

seen in figure 4.

There is a total of 8 Notebooks that is needed for this project to be successfully re-created.
They are numbers in order from 0 to 7 with the Masterfile needed to run all notebooks.
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S Implementation

Step 1 — Data download
File 0 _Json_download contains the path to where the original data for StatsBomb is located
and the paths where the data needs to be extracted to.

[1]: import os
import asyncio
import aiohttp
from tgdm.asyncio import tgdm
from pathlib import Path
import requests

# --- GitHub base paths ---

BASE_URL = “https:/fraw.githubusercontent.com/statsbomb/open-data/master/data/"
MATCHES_INDEX = BASE_URL + "matches/"

EVENTS_URL = BASE_URL + "ewents/"

LIMEUPS_URL = BASE URL + "lineups/"

# --- Output folders ---
EVENTS_DIR = Path{"raw/events”)
LINEUPS_DIR = Path("raw/lineups")

Step 2 — Extraction and preprocessing

The raw JSON files are extracted and turned into a CSV File named “compact events.csv”.
The code finds the lists in the JSON structure, then iterate over each JSON file in
“raw/events” folder and extract the data to get it in one row per event.



import os, json, re
import numpy as np
import pandas as pd
from tqdm import tgqdm

# Directory where 150N event files ore stored

RAW_DIR = "raw/events”

# Output OS5V
DUT_CSV = "processed/events_compact.csw”
os.makedirs("processed”, exist_ok=True)

For the model derivations, there are some extra flags required, this gets added to the dataset
after the extraction. Dataset columns after the extra flags have been created and/or converted.
As well as conversion of datatypes to contain 0,1 values and added columns.

# Type conversions / cleaning

df["minute”] = pd.to_numeric(df["minute"], errors="coerce").fillna(@).astype(int)
df["second”] = pd.to_numeric(df["second”], errors="coerce"}.fillna{@).astype{int)
df[ "under_pressure”] = df["under_pressure”].fillna(False).astype(int)

# Convenience flags

df["pass_flag"] = df["ewvent_type"].eq{"Pass™)
df["carry_flag"] = df["event_type”].eq{"Carry")}
df["shot_flag"] = df["event_type"].eq({"Shot™)

df[ "press_flag"] = df[“event_type”].eq{"Pressure”)
df["duel_+lag"] = df["ewvent_type"].eq{"Duel™)
df["ball_receipt_flag"] = df["event_type”].eq{"Ball Receipt")

# Pass completion flag (StatsBomb: pass_outcome NaN => completed)

df["pass_success"] = np.where(df["pass_flag™] & df["pass_outcome”].isna(), 1, @)

Step 3 - Expected Threat (xT) Grid
Dataset loaded from the “compact_event.csv” file

[1]: dimport os
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

# Output Locotions

IN_CSV = "processed/fevents_compact.csv”
OUT_GRID_NPY = “models/xT_grid.npy"
OUT_GRID_CSV = "processed/xT_grid.csv"

os.makedirs("models", exist_ok=True)
os.makedirs("processed”, exist_ok=True)

Converts the raw coordinates to standardized pitch dimensions and breaks the pitch into X x
Y zones. Create the start and end zones of passes to derive the distance traveled and angle of
passes



[3]: | # Grid d
¥_BINS =
¥_BINS =

PITCH X
PITCH ¥

def bin_:
bx =
by =

retu

# Apply

efinitions
12
B

= 128.8@
= BB.8

ay(x, ¥):

int(np.clip{(x / PITCH_X) * X_BINS, @, X_BINS - 1))
int{np.clip{(y / PITCH_Y) * Y_BINS, &, ¥Y_BINS - 1))

rn bx, by

binning

passes["start_bin_x"], passes["start_bin_y"] = zip(*passes.apply(lambda r: bin_xy(r["start_x"], r["start_y"]), axis=1})
passes[ "end_bin_x"], passes["end_bin_y"] = zip(*passes.apply(lambda r: bin_xy{r["end_x"], r["end_y"]), axis=1))

Compute the xT by doing value iteration, and same the model and csv files to the output

locations.

# Initiolize xT with empiricol goaol probobilities

xT

= goal_probs.copy()

gamma = B.9 # futwre threat discount

for iteration in range(58): & iterote to convergence

xT

new_xT = goal_probs + gamma * np.sum({trans_probs * xT[Mone, Mone, :, :], axis=(2, 3))
if np.max{np.abs{new_xT - xT)) <« 1e-5:
print{f"Converged after {iteration} iterations."™)

break

®T = new_xT

Step 4 - Ghost Opportunity Index (GOI) Modelling

Dataset lo

aded:

IN_CSV = "processed/events_compact.csw”

Feature Selection to create Start grid, end grid, pass distance and pass angle

[3]: passes

passes

passes
passes
passes
passes

"dx"] = passes["end_x"] - passes["start_x"

"dy"] = passes["end_y"] - passes["start_y"

"distance”] = np.sqrit{passes["dx"]**2 + passes[“dy"]**2)

"angle_to_goal®] = np.arctan2(48 - passes|"end_y"], 128 - passes[“end_x"])
"minute_norm"] = passes["minute”].fillna(@) / %e.8@

"under_pressure”] = passes["under_pressure"].fillna(8).astype(int)

# torget Llobel: successful posses

passes

"pass_success"] = passes["pass_outcome"].isna().astype(int)

# Add poss height categorical feoture

passes

"pass_height_cat"] = passes|["pass_height”].astype("category”).cat.codes

feature_cols = ["distance”, "angle_to_goal", "under pressure”, "minute_norm®, “pass_height_cat"

X = passes[feature_cols].fillna{@).values

y = passes| pass_success"].values

The data gets split into 80% training and 20% for validation. The XGBoost model gets
trained and uses the AUC and accuracy as evaluation.



[6]: if HAS_XGB:

print{"\nTraining XGBocost model...")

#gh_model = XGBClassifier(
n_sstimators=388,
learning_rate=8.85,
max_depth=4,
subsample=8.8,
colsample_bytree=8.8,
eval metric="logloss",
random_state=42,
n_jobs=-1

]

®gb_model.fit(¥_train, y_train)

yhat_xgh = xgb_model.predict_proba(¥_wval)[:,1
auc_xgh = roc_auc_score(y_wal, yhat_xgb)
acc_xgb = accuracy_score(y_wal, (yhat_xgb » 8.3))

Saves trained model and scaler.

joblib.dump(scaler, "models/pass_scaler.joblib"})
joblib.dump(best_model, "models/pass_model.joblib")

Step 5 - Compute Ghost Opportunity Index (GOI)

Applies trained model to compute GOI values per action/player. Below are the important
directories. Loads pretrained GOI model and scaler.

import os

import numpy as np

import pandas as pd

import joblib

import matplotlib.pyplot as plt
from tgdm import tgdm

import seaborn as sns

IN_CSV "processed/events_compact.csv”
XT_NPY "models/xT_grid.npy"
SCALER_PKL = "models/pass_scaler.joblib"
MODEL_PKL = "models/pass_model.joblib”

DUT_PASSES = "processed/passes_with_goi.csw™
OUT_PLAYER = "outputs/player_goi.csv™
OUT_TEAM = "processed/team_goi.csv"

Player Aggregation to sum GOI values per player. And save the values to the
outputs/player goi



[6]: # Correct calculation of minutes ployed across matches
minutes_by_match = passes.groupby(["player”, "match_id™]}["minute”].nunique()
minutes_played = minutes_by match.groupby({"player").sum{).reset_index{name="minutes_playesd™)

# Summed GOI

goi_total = passes.groupby("player”)["GOI_pass”].sum().reset_index{name="total_ goi®)

# Merge
player_goi = goi_total.merge(minutes_played, on="player", how="left")

# Avoid division by zero
player_goi[ "minutes_played"] = player_goi["minutes_played"].replace(@, 1}

# GoI per 99
player_goi[ "GOI_per 987 ] = player_goi["total_goi"] / player_goi["minutes_played™] * 9@

player_godi.to_csw({OUT_PLAYER, index=False)
player_goi.tail()

Step 6 - Formation Drift Index (FDI)
Important directories. Input and output directories

[1]: dmport os
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns

IN_CSV = "processed/events_compact.csw”
OUT_PLAYER = "processed/player_fdi.csw"
OUT_TEAM = “processed/team_fdi.csv"
FIG_DIR = "outputs™
os.makedirs(FIG_DIR, exist ok=True)

Calculate the baseline values for the formation drift using only the first 10 mins of each
player per match.

# Limit to first 10 minutes after entry
baseline = (
df[df[ "minute since_entry"].between(8, 18)]
groupby ([ "match_id", "team", “player"])
[["start_x", "start_y"
.mean(}
.reset_index()
.rename(columns={"start_x": "base_x", "start_y": "base_y"})

print{"8aseline formation players:", len({baseline))

After deriving 5-minute rolling windows per player, calculate the drift.

[8]:  player_fdi = (
merged. groupby ([ "match_id","team”,"player"]}
.agg(mean_drift=("drift","mean"},
max_drift=("drift","max"})
.reset_index()

Save output to directories.

player_fdi.to_csv{OUT_PLAYER, index=False)
team_fdi.to_csv(OUT_TEAM, index=False)



Step 7 - High pressure expected index (HPEI)

Important directories. Input and output directories. These where the Grid model and scaler
are saved.

import os

import numpy as np

import pandas as pd

import joblib

import matplotlib.pyplot as plt
import seaborn as sns

# Paths

A e

IN_CSV = "processed/events_compact.csw”

XT_NPY = "models/xT_grid.npy" # from Grid_final_ FIXED

MODEL_PEL = "models/pass_model.joblib™ # from GOI_model final_FIXED
SCALER_PKL = "models/pass_scaler.joblib™

OUT_PASSES "processed/passes_with_hpei.csv"
OUT_PLAYER "outputs/player_hpei.csv”
OUT_TEAM = “outputs/team_hpei.csv™

This is the derivation of the xT gain and the high pressure expected index showing the most
important derivations.

# xT at start and end

passes["xT_start"] = passes.apply(lambda r: xt value(r["start x"], r["start_y"]), axis=1)
passes["xT_end"] = passes.apply(lambda r: xt_value(r["end x"], r["end y"]), axis=1)

# xT gain

passes["xT_gain"] = passes["xT_end"] - passes["xT_start"]

# Expected contribution
passes["expected impact”] = passes["success_prob™] * passes["xT_gain”]

# High-Pressure weighting
ALPHA = @.75
passes["HPEI"] = passes["expected_impact™] * (1 + ALPHA ¥ passes["under_pressure™])

moar

passes[["xT_start","xT_end"”,"xT_gain","success_prob","expected impact™,"HPEI"]].head()

Once the derivation is done, it then gets used to cascade across players and team. This then
get saved:

+[2]: passes.to_csv(OUT_PASSES, index=False)
player_hpei.to csv{OUT_PLAYER, index=False)
team_hpei.to_csv(OUT_TEAM, index=False)

print(" Saved HPEI outputs:™)

print(f" - Per-pass: {OUT_PASSES}")
print(f" - Player summary: {OUT_PLAYER}™)
print(f" - Team summary: {OUT_TEAM}")



Step 8 - Substitution recommendation engine
Important directories. Input and output directories. These will be the GOI, FDI and HPEI
values as input.

subs = pd.read csv(“processed/player_substitution_summary.csv™)
pos = pd.read_csv("processed/player_positions.csv™)

goi = pd.read_csv("outputs/player_goi.csv™)

fdi = pd.read_csv("processed/player_fdi.csv")

hpei = pd.read csv(“outputs/player_hpei.csv™)

We flag players to be substituted when they fall in any of these categories:

goi_mean, goi_sd = df.G0I.mean(), df.GOI.std()
fdi_mean, fdi sd = df.FDI.mean(), df.FDI.std()
hpei_mean = df.HPEI.mean()

def flag player(row):

reasons = []

if row.G0I > goi_mean + 1.5 * goi sd:
reasons .append("High GOI")

if row.FDI > fdi_mean + 1.8 * fdi_sd:
reasons.append("High FDI™)

if row.HPEI < hpei mean * @.6@:
reasons .append(”Low HPEI")

return "; ".join(reasons)
df["flag reason"] = df.apply(flag_player, axis=1)
df_sub_flags = df[df.flag_reason !'= ""].copy()

df_sub_flags.head()

The substitution model then gets saved to:

rec_df.to_csv("processed/substitution_recommendations_barcelona.csv”, index=False)

Step 9 - Master file

Due to the number of notebooks, running them individually can take a lot of time, so there is
a Masterfile that can be executed for all the notebooks to be refreshed in order and outputs
generated.

10



[1]: import os
import time
import subprocess
import sys

notebooks = |
“8_Json_download.ipynb",
"1_Extraction_final.ipynb”,
"2_arid_final.ipynb",
"3_GOI_model_final.ipynb",
“4_Compute_GOI final.ipynb™,
"5 _Formation drift_final.ipynb",
"6_HPEI_final.ipynb",
"7_Sub_recomendation_sys.ipynb"

Built in failure stop should there be an error in one of the Notebooks:

# SUCCERS
if result.returncode ==
print{f" {nb} finished in {format_time(elapsed)}")

# FATLURE — STOP IMMEDIATELY
else:
print{f"\n ERROR: Motebook FAILED -+ {nmb}")}
print{f" Failed after: {format_time(elapsed)}")
print{"%n Error Output:in®)
print{result.stderr)
print{"\n PLPELINE STOPPED — FIX THIS NOTEBOOK BEFORE CONTINUING.™)
sys.exit{1l) & <-- HARD 5TOP

Once the notebook is executed, it gives the running time it took for the notebooks to be
refreshed at the end. Just open each notebook in Jupyter and it will give all output created,
without the need to re-run.

Running @_Json_download.ipynb...
@_Json_download.ipynk finished in 16.68 seconds

Running 1_Extraction_final.ipynb...
1_Extraction_final.ipynb finished in &.78 minutes

Running Z_Grid_final.ipynb...
2_arid_fimal.ipynb finished in 4.85 minutes

Running 3_GO0I_model_final.ipynb...
3_GOI_model_finzl.ipynb finished in 52.37 seconds

Running 4_Compute GOI_final.ipynb...
4_Compute_GO0I_final.ipynb finished in 2.39 minutes

Running 5_Formation drift_final.ipynb...
&_Formation drift_final.ipynb finished in 47.37 seconds

Running &_HPEI_final.ipynb...
B6_HPEI_final.ipynb finished in 3.40 minutes

Running 7_Sub_recomendation_sys.ipynb...
7_Sub_recomendation_sys.ipynb finished in 2.44 minutes

A1l notebooks completed successfully in 28.91 minutes

The Below references are the inspiration behind the code used to create all the notebooks.

11
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