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What We Do

THE CROWN
IS YOURS

We are part of the Sports Data Science Team at
DraftKings, responsible for setting the prices
customers see on our sportsbook.

Our complex monte carlo simulation based
pricing engines are powered by multiple ML
models and generate probabilities for various
sports events, such as:

e Final game scores
e Timing of the next touchdown
e The next team to score a 3-pointer

RBC Heritage

MLB

NBA

NHL

NFL

ATP - Barcelona
Champions League

Corales Puntacana
Championship

SPORTS TEAMS
A-Z SPORTS

WLES

L

NBA
WNBA
China - CBA

Euroleague

View All (27)

FOOTBALL

GOLF

i GSWarriors " MIA Heat
& sacings PHI 76ers

73104 BETNOW  [56¢] ar1z12:10 .

0ODS  QUICKSGP  STATS

POPULAR | GAMELNES ) QUICKHITS

GAME

LA Lakers

NO Pelicans

Alternate Spread

LA LAKERS
-120

Alternate Total

OVER
-Ts

#/ PHO Suns
¢ MIN Timberw

NOw  [SP] 420 10010

NO Pelicans

Starts In 15:00:42

PLAYER PDINTS PLAYER THREES PLAYER COMBOS PLAYER REBDUNDS PLAYER ASS:

SPREAD TOTAL

MONEYLINE

~110

TOMORROW 12-40AM

VIEW MORE ~

TOMORROW 1240AM
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Business Problem

D

THE CROWN
IS YOURS

WHAT HOW
At the end of 2022 we were asked to Produce player centric NBA models
produce models that are capable of that are able to understand the
producing NBA player props markets value of players
(over/under player gets x points/assists

etc)

Produce several new player based
features and models that to help us
produce props markets

Step change our MLOps practices by
utilizing Databricks to produce robust
feature and model pipelines and monitor
our models.






KALMAN
FILTERS

Kalman Filters are an algorithm that uses a
series of measurements to produce an estimate

of an unknown variable.

They are designed to work in scenarios where
high degrees of uncertainty are present, both
in the variable you're attempting to estimate

and the the method being used to measure.

Kalman Filters also account for uncertainty in
the estimate which gets updated alongside the

estimate after every measurement.

Estimate Update

in,n = in,n—l + Kn[zn — Hén,n—l]

Kalman Gain

-1
K, = Pn,n—lHT{HPn,n—IHT + Rn}

Covariance Update

P,=I-K,H)P,, (I- K. H)" + K,R, KT

|8
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Applications

QPR &
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Auto Pilot

Portfolio Optimization
Financial Time Series Prediction
GPS

Rocket Science

And Many More!l!
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2. Lnx 21 plagers bailed!

DRAFTKINGS

1.41x “WH

Balance: $575.28
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A Simple Example - Usain Bolt's 100

timec

Kalman Filter of Usain Bolt's 100m Times

—e— Measurements

— ile =t y
10.4 t Kalman Filter Estimate
Uncertainty

10.2

2007-07-1§
10.0

Time (seconds)

9.8}

9.6

Run Number
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A Simple Example - The Parameters

e Starting Expectation

e Starting Uncertainty

e Measurement Noise

. . . i ,
[ Drlft Kalman Filter of Usain Bolt's 100m Times
—a— Measurements
10.4 —— Kalman Filter Estimate
Uncertainty
10.2
%
o
[ =
S 20070718
g 10.0
[
E
=
9.8
9.6

Run Number
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Kalman Filters as a Rating

System

THE CROWN
IS YOURS

Kalman Filters can be used for situations Where there are multiple players/teams participating,

Uncertainty
Value

Measurement
Noise

Updates
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Simulation Engine

At DraftKings, our sports engines are built using Monte Carlo Simulation

Stats
i i End of
Current Stats Slmulaupn Yes Game Ended
Possession game?

No
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During possession simulation, details are
enriched sequentially based on probability
models.

e Given a three pointer made, who has shoot
the three?

e Isthe three pointer being assisted?

e Ifyes, who has passed the ball?
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©) . P(X) =

A rating for every team/player
+ Simple transformation from ratings to probabilities

oS Team / Player Specific

* Do not need additional features

@ Easy to

+ Simple matrix operations to update the ratings after
the game
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20)

gs vs Assists

)sisse

Three Pointer Ratin
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“The most valuable
commodity | know of Is
information”

- A quote from 1987 film Wall Street
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Before & After Databricks

Before

THE CROWN
IS YOURS

Ratings are trained locally and stored in a csv

Need to do a deployment to update the ratings

Basically only updates every year

Not feasible for fast moving player ratings

Microsoft Excel Comma Separat...
o ast_ratings_2_0 Microsoft Excel Co
o) ast_ratings_3_0 soft Excel Comma Separat... 2KE
o) ast_ratings_3_1 ft Excel Comma Separat... 2KE
o) blk_ratings_0_0 Microsoft Excel Com

Microsoft Excel Comma Separat...

DraftKings Inc., © 2024 privileged & confidential

After!

Workflow are set up in the
databricks to update dataset
and ratings dail

Dataset and ratings can be
reproduced easily

The ratings for calculation is
sent downstream
automaticall

Able to backtest the model
performance using historical
ratings
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Architecture

THE CROWN
IS YOURS

Boxscore

Play By Play Creation R:z:lgs Kafka
Database Task
Boxscore
Boxscore
Rating Table

Databricks Feature
Feature

Store

Rating Table—}»

Publisher

B
Databricks Workspace

DraftKings Inc., © 2024 privileged & confidential
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Rating Tasks

THE CROWN
IS YOURS

dk-datasci-databricks-nba-team-kf-possession-ratings ¢

Runs Tasks

Runs Startdate [ < Previous

basketball_nba_ kf team_turnow...
basketball_nba__kf team_turnawv...
basketball_nba_ kf team_steals_..
basketball__nba_ ki team_steals_...
basketball__nba_ kf_team_st=als_..
basketball_nba_ kf team_steals ...
baskethall__nba__kf team_steals_...
basketball_nba_ kf team_st=als_..
basketball_nba_kf team_steals ...
basketball__nba_ kf team_off_re...

basketball_nba kf team_off re...

basketball_nba_ ki team_off_re..

v




>

RAFT
“KiNGs

Feature Publisher

THE CROWN
IS YOURS

The Feature Publisher The change is then sent
task reads the CDC downstream to kafka
(change data capture)

table

+ The updated team/player
ratings are mapped to
+ Figure out which rows different games
have been changed « Form calculation requests
by combing ratings with
other information
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L} [ ]
O e | lJ e Ctl O | I Catalogs » dbx si_data_science dev » basketball » nba_possession_length_model_ex »

¥ nba_possession_length_model_ex version 58
Tags: Add tags

Overview Lineage

Description

Add description

The models are trained on the updated

Details

dataset by scheduled workflows. B

02/04/2024, 13:40:45

Created by 2872515¢-11b6-4b94-3268-6ad2d4cbbab7
Last modified 02/04/2024, 13:40:46

Aliases @

Training run stately-pig-22

When the engine pod is started up, it will Status Ready

grab the latest version of the model from
the model registry. s cutputs

Signature

Name Type
is_final_leading_pos boolean
time_remaining long
is_heme_pos boolean
period_sequence long
playoff boalean

DraftKings Inc., © 2024 privileged & confidential
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Model Backtesting

Historical KF ratings

- Historical kf team/player

ratings right before the
game starts

- Avoid data leakage

DraftKings Inc., © 2024 privileged & confidential

=

Model
Evaluation
Task

Model
Outputs
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Historical Dashboard

© Send feedback

Team

Player

opp

Date

Stake

All

All

All

All

DK v Sw All

on

%60iff + 4 more
Low Sw All

Line Ranae

minproj | 4
range

Start date (MMM DD, YYYY) — End date (MMM DD, YvvY) 4

61.74K

Date

04-21-2024

04-21-2024

04-21-2024

04-21-2024

04-21-2024

04-21-2024

04-21-2024

04-21-2024

04-21-2024

04-21-2024

04-21-2024

prop

REBOUNDS

TURNOVERS

REBOUNDS

TURNOVERS

REBOUNDS

TURNOVERS

TURNOVERS

POINTS

TURNOVERS

POINTS

TURNOVERS

P/L

1672.67

Player
Jalen Williams
Naji Marshall

Tyrese Haliburton
Brook Lopez
Luguentz Dort
Jalen Smith
Andrew Nembhard
TJ. McConnell
Cason Wallace
Tyrese Haliburton

T.J. McConnell

g

PIL

200

DK

-220

-370

155

m

-125

-219

-1003

168

-178

<157

L
'
"m
-
—
=
o

518I188Y

Player Props Dash

<145

-7

-101

212

103

128

%Diff

® Published

SONNOERY

player_props_type

DK proj

SHAINIOD ITHL

wl

w

SHIAONHNL

Over

W Under

rating

)| Schedule || 22

Sw Line All

Ranae

w_mins actual mins

35 20
16 16
36 38
29 32
Ell 35
17 13
30 30
18 18
17 19
36 38
18 18

Share

W Over
W Under

app

Okl
Milv
Indi:
New
Milv
Milv
Milv
New
Milv

Milv.
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Betting Strategy

THE CROWN
IS YOURS

NOW LET’S MAKE SOME MONEY

WINNING INGREDIENTS

BET SLIP Clear A
e  Bookmaker offers to return 3.75 o ®
times your stake. SINGLES
e  Model suggests 30% of the time you X 30+ 275
will win. (Kyrie Irving) e
Kyrie Irving Alt Points

e  Expected return is 30% x 3.75 = 1.125 T SO IR G
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Betting Strategy

THE CROWN
IS YOURS

NOW LET’S MAKE SOME MONEY

@ BeTsup Cear Al @
e  Maximize the expected growth rate.
SINGLES
e  Everytime we only bet a proportion of
the bankroll X 30+ +275
(Kyrie Irving) $

Kyrie Irving Alt Points

e b=(pO0-1)/(0-1)

DAL Mavericks @ BOS Celtics
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Betting Strategy

NOW LET’S MAKE SOME MONEY

EVALUATION IS KEY

@ BeTsup Cearall (B
e Analyse on the betting performance
to optimise the betting strategy SINGLES
> 30+ +275
e  You only need to bet when you are (Kyrie lrving) s
confident with your prices Kyrie Irving Alt Points

DAL Mavericks @ BOS Celtics
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Sportsbook Strategy

We don’t have the luxury of choosin
when we bet "y g

* Need to be confident for ALL of the markets that we offer

Apply

« We can control our prices

Learn from customer’s bet

+ ldentify professional customers
+ Adjust the probability of the model based on their bets
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Points TOMORROW 12:40AM

Summary

&

Al Horford

Bam Adebayo

e  We achieved our goal to build a model that is able
to produce NBA player props % CalebMartin

e  We produced 200+ separate Kalman Fllter based
models all producing ratings for various different
player and team attributes. Yoo Mighamirh

e All of the above models use features engineered
through Databricks workflows

e  All models are registered on Databricks and
retrained and optimized through workflows running £ Jayson Tatum
on a daily cadence )

e  The same practices applied here are now being
adopted by other sports as they look to do similar. sy, Kristaps Porzingis

Derrick White

Jaime Jaquez jr.

Jaylen Brown

Jrue Holiday

Nikola Jowic

https://medium.com/draftkings-engineering

Payton Pritchard

Tyler Herro



https://medium.com/draftkings-engineering
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