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Who am |?

oLead Data Scientist @Blizzard
e Doing Math / Machine Learning stuff for Hearthstone

ePh.D. in Mathematics @UT Austin

eGamer
e Legend rank in Hearthstone every season E;
o Master rank in Starcraft Il @
o 2" Place Netrunner Store Championship @Houston, TX
e ...and casually play many other games...




Outline

eINntroduction

eSmart Tech
e Smart Deck Builder for Constructed
e Smart Loot Buckets for Duels
o Auto Balance for Arena

eFIinal Notes
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What is Hearthstone?

eDigital collectible card game (PC/mobile)

e 100M+ Players
o One of the largest card games in the market

M

— since 2014

since 2014 since 2019 since 2020




Deck Building

eEssential to Hearthstone, but not simple

oDifferent modes have different ways to build a deck
o Build from collection (Constructed & Duels)
e Dungeon-run style (Duels)
e Drafting style (Arena)




Deck Buildin
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P WizardiDuels

Deck Building
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Deck Buildin

eDrafting style ———— E—
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ML/DS In Hearthstone

eIn-game features -
«Game balance - today’s talk
eMeta analysis _
eRating/Matchmaking systems
eSimulations
eRecommendations
ePredictive modeling

oAl for PVE mode

oEtC.
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What is Smart Tech?

. IS a product that utilizes data
and rules to automatically achieve various goals during
the deck building phase

o Build a Hunter deck with Trampling Rhino x2 for SkyGALA
e Provide a 3-card Mage bucket given the current deck

o Adjust card appearance rates of Druid in deck drafting




Motivations

«Gameplay first is always
our #1 core value

«Before we made the -~ —
products, we want to achieve [SSE £ 8
certain goals that improve B Rt
the gameplay experience

-



How Can Smart Tech Improve Gameplay?

eHelp to easily build a good constructed deck
e Any player, any deck, any collection, any time

eProvide choice varieties on top of human inputs to
dungeon-style deck building

eBalance class win-rates in drafting mode
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Outline

eSmart Tech
e Smart Deck Builder for Constructed
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Deck Buildin
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Why are We Doing This?

e Deck building is a big challenge for
many players

e Legacy (simple “rule-based”) in-game
deck builder was sub-optimal

o« When players ask us to build a deck,
we need a smart deck builder to build a
GOOD deck for them!

o (Cards picked are all in their collection
o "Good” = competitive




Benefits

e Help our players (esp. new and returning players):
e Learnthe game
e Develop interests
e Increase win-rate to improve player experience

- the 92M€
] ) ] erdeck without jeaving
o Better deck building experience w//

o Especially on Mobile platforms —
. G . ” - 1 building decks|
o Test decks with “interesting” cards £ bring me back to the game. T crap 2t BUICRd =

This is cool. Can't wait to have HS build dragon paladin for me!

I think this is an incredible addition to the game, for new players and veteran players alike. sure, netdecking will still be a
thing but it'll be interesting to see what decks the game makes for you with this new deck builder and to see how well
they work out.




As Simple As One Click
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|
Post-launch Sentiments
The new autocom :
. plete is INS :
only put in Mecha'Thur, ANE! First one was made from scratch second I on| :
 ,1 Y Putin Togwaggle, and for the third one E
That is an amazing feature. Like, mind-blowingly amazing. More people need to know about this. — 4

Discussion

Holy fuck!

Why the new deck completion system is sneakily the biggest change in years
he scenes! I can't imagine

<ee how you guys do this behind t

Discussion

IMO, the new deck-completion system is low-key the biggest change to Hearthstone in years.
< and Machine Learning, I'd love to
y isn't the usual test case.

As someone into statistic
it's simple, considering some 0

g Hearthstone implementing this te

f these bugs. | N
chnology in their game, it definite

Glad to se




Some Notes

e Launch on patch 13.4 (Mar 2019)

e Algorithm has been updated many times since
then

e Currently support standard and wild
constructed mode

e Average response time is ~3ms

. d'/ P
F
"



System Workflow

GLOBAL INSIGHTS

Request
(with player info) Pass over the info
Smart Deck
: Buil
Pass over the deck Deck built uilder
Telemetry
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Unfinished deck by player

Smart Deck Builder
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Smart Deck Builder

Layer 1

Layer 1 (meta)
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What is Hearthstone Meta?

e Short for the "metagame”

e Meta describes the trends of deck/class choices

currently seen in Hearthstone

Class % Breakdown by Games

Druid

14.36%

Warlock
7.10%

Shaman
4.99%

Rogue
31.39%

Combo Druid
1.81%

Hunter
8.04%

Token Druid
92 85%

Mage
6.83%

Paladin
2.59%
Priest
2.09%

Millions of deck content variations!
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Meta Is Evolving
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Each Deck as a Data Point

2 X Demon Companion
1 x Tracking

2 X Quick Shot
2 X Trampling Rhino

Deck vector

Trampling

el Trackin
Companion g Rhino
2 1 0 0 2 2

About 400 columns
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Meta Clusters: Data Points in a Hundreds of
Dimension of Space
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Notes for Layer 1

Basic steps
1.Prototype-based clustering to get centroids
2.Apply some mathematical iterative process

Meta is generally not the same across different ranks, player skills,
etc.

eDifferent sub-layers for this meta-deck filling

o« Meta pipeline updates daily
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Smart Deck Builder

Layer 2

Layer 1 (meta)

Layer 2 (backfill)
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Backfill Algorithm

e Revert what Layer 1 did if necessary
e Synergy part is gone

o Fill the deck “dynamically” by “card power”

e N ' _ ey s gl Y
Y @ GOC GAM=Z DEVZLOPERS CONFERZNCE | July 19-23,2021 | #GDC21 S Y -



Card Power 1

e Game Impact: How much a card
contributes to a deck’s win rate?
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Card Power II

e Mana Cost Bucket: A collection of cards
with the same mana cost




Card Power III

o Avoiding Overfilling a Mana Bucket

’
28" ol

0N 18 (oM 38 (4h (5N 6h 7




Smart Deck Builder

Layer 1 (meta) < Rules
enough
cards?
No

Layer 2 (backfill) < Rules
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Hard Rules, Soft Rules

e Card constraints in the
partially-filled deck, or cards in
the partially-filled deck indicate
such constraints should be met
later

o Certain cards need to be
“scaled down/up” from game
design’s perspective




Smart Deck Builder

Cooldown

Cool

Rules
down

Rules
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Cooldown

e Provides variety in the deck recommendation

S

e Helper Q

oINn-memory data structure store @
&P redis
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Outline

e Smart Loot Buckets for Duels
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P WizardiDuels

Deck Building

. D u I l e O l l — ru I l Choose Your Loot! & Mysterious Tome 47
| ,0‘ Lightning Bloom .:yiﬁi

,l& Enchanted Raven ' _*

.555 Verdant l.ongnecﬂﬂ":" y 3\ Feral Rage N T ‘2-‘\ Garrison Commander -."""5'. Fﬂ, ;
- ¥ i DN S Z18 Fire Fiy

& - r alll. M ] o i r
j* VYolcanosaur /) *5_\ Mark of Nature o 4 ‘2\ Manafeeder Pantharal§ -‘ﬁ_ i,_.l' : Gibberling

3‘ Charged Devilsaur _ /"TEE ___4\ Groundskeeper : ‘_‘2\ Wandmaker »l'“ Intrepid Initiate

‘l‘ Mark of the Lotus
“ 18 Nature Studies
'l‘ Raven Idol

.l.l Tour Guide

(IS Treenforcements:

0 L 7
‘2\ Haunted Creeper = ;:v_, 2
.21\ Manafeeder Panthara”}u .‘5-
2\ Necrotic Poison  #8 /"

‘2§ Nerubian Egg

_.‘Z,_ Power of the Wild * . © 2

‘2'5\ Rising Winds ﬂ:"‘
4 T
‘QK Sneaky Delinquent™) i

98 Wrath

: g -~
Z% Dreaming Drake” & i'h‘;

2 3



Smart Loot Bucket

- “"Group Learning”

. Fits the “"Scholomance
Academy” theme

- Recommend card
bucket that synergizes
well with the current
deck

. Launch on Oct. 2020
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Power Word: Synergy

- Learning from gameplay data

- Synergy Score

- How were cards played in each game?

- Which stage of the game and what turns were these cards
played?

- What is the end-game impact (i.e. win/loss) after the card
pair was played?




Pairwise Synergy Score

. Efficient to compute
. Extensible to arbitrary number of cards

- Works naturally for both generation and
recommendation algorithms

. Normahzed for falr comparlscn

Tl y ==
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Example

- Compute the pairwise scores under different
“weight bases”

38

_ f‘

e

¥ shieldiBlocp




Generate Buckets

- Bucket synergy score = an » "Reversed soft-minimum”
aggregation of the pairwise scores aggregation

- Dedupe + additional filters

0.25 0.27

Bucket score:
2.74




Recommend Bucket(s)

e Apply some math adjustments to raw information
o Adjust scores for mana curve

e Apply card multi-appearance penalties (“redux”
factor)

Weighted sampling: “controlled randomness”

o 7 @ GOC GAM= DEVZLOPERS CONFER=NCE | July 19-23,2021 | #GDC21 \\ .



System Workflow

Display bucket(s)

GOC" GAM= DEVZLOPERS CONFERENCE | July 19-23, 2021 | #GDC21

GLOBAL INSIGHTS

Bucket
Generator
[Daily Refresh]

GLOBAL INSIGHTS

Bucket
Recommender
[Live Service]
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esign Iterations e o
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W7 ) ¥ o
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- "Brawl blocks"
. Eliminate duplicate cards from the same buckets
- Encourage card diversity

. Increase the chance of certain cards that we want to
promote

- “Group learning” buckets + designer bucket
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Outline

e Auto Balance for Arena
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Deck Buildin
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Background & Goal

e Need win-rate across all classes -- as close to
50% as possible

o Achieve the balance by tuning the weights
associated with each card

eWeight is a number that represents the relative likelihood that a
card appears in a draft

“"Micro-adjustments”




Sources
e Gameplay data

«Card actions
ePlayer skill ratings
eGame impacts of each card

e Card information (e.g. Spell, Minion, which
expansion etc.)

o Card offer rate
o Card pick rate
e Current Arena draft tree structure
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Methodology

e Three steps
1. Build a model
2. Solve constrained optimization problems
3. Calculate the weights
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Step 1: Build a Model

o Win probability impact:

“Draw The Lich King” > Praltd 7N
"Draw Snowflipper Penguin™ e L CR

-

| SnowilipperRenyi
SR =

o Build a predictive model to
predict win probability given
a 'card draw state”

1
}
2 A
-




Step 2: Constrained Optimization

7 @ GOC GAM= DEVZLOPERS CONFERENCE | July 19-23,

find the best
solution from all
feasible solutions

)

2021 | #GDC21

Class win-rate
close to 50%




Step 3: Calculate the Weights

o Adjust the weights assigned

to each card

eBased on what we learned from step 1 & 2

eWhich “knobs” to tune and how much to
tune these “knobs”

oLink each “knob” to the probability of each
card showing up in a draft




System Workflow

Data

GLOBAL INSIGHTS GLOBAL INSIGHTS GLOBAL INSIGHTS ﬁ

- Constrained Calculate
Model Building Optimization Weights &

Output

Server Patch
X. XX
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Results o
B, i W ety

R ——

Before Patch 9.2 (10/14 - 10/15/17)

p1_hero_class

oruia | o5
wunter | . i

Win % class
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Results o
B, i W ety

R ——

After Patch 9.2 (11/7 - 11/8/17)

p1_hero_class

oruict | ] 513
vunter | 50.2%

0% 300% 400% 410% 420% 430% 440% 450% 460% 470% 450% 490% S00% S510% 520% 530% 540%
Win % class
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Results

;f rAKTHgTG)\\ =

Before (server hotfix) patch 10.0.3 (12/18 - 12/19/17)

p1_hero_class
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oc I 4 6% '
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_— |
sharman | 5.1 |
warloc | 50 5°%
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36.0% 35.0% 40.0% 42 0% 44.0% 46.0% 45.0% 50.0% 52.0% 54.0% 56.0% 56.0%
Win % class
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Results

HEARTHS To ;- gl

After (server hotfix) patch 10.0.3 (1/1 -1/3/18)

p1_hero_class

Druid [ < 1%

sunte | 50 5%
Moge I 49 2%

Pataci 15 50.6%
priest | S 52 <
oguc. I 49 0%

shaman | ¢ 6%

wariock | 50.0%
warrior | 3 ¢ i

36.0% 35.0% 40.0% 42 0% 44.0% 46.0% 45.0% 50.0% 52.0% 54.0% 56.0% 56.0%
Win % class
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Outline

eFInal Notes
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The Golden Triangle
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Extensibility and Automation

eSMart tech has been designed to be scalable for future
changes

eReduce manual work or find solutions can’t be solved
manually

oOutput evolves as game evolves
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Tech Choices For Smart Tech




Reference

e Developer Insights Blogs

eSmart Deck Builder (https://news.blizzard.com/en-
us/hearthstone/22938500/developer-insights-smart-deck-
builder)

eSMmart Loot Buckets (https://playhearthstone.com/en-
us/news/23558960/dev-insights-treasure-pools-and-smart-loot-
buckets-in-duels)

oArena Balance Through Science
(https://playhearthstone.com/en-us/news/22788308)
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https://news.blizzard.com/en-us/hearthstone/22938500/developer-insights-smart-deck-builder
https://playhearthstone.com/en-us/news/23558960/dev-insights-treasure-pools-and-smart-loot-buckets-in-duels
https://playhearthstone.com/en-us/news/22788308

Thank you!
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