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Released by Blizzard in 2014

Based in the Warcraft
universe
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Card special abilities are what make the game
complex and interesting
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Painting by http://www.jason-w.com/blog/the-fall-of-lordaeron

Sometimes too Interesting leads to
un-intended consequences
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Outline

1. Finding undervalued cards
2. Predicting opponent’s deck

3. Predicting game outcome
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Mana Cost ——»
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Model assumptions
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Model assumptions

1. Mana cost Is proportional to card power
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Model assumptions

1. Mana cost Is proportional to card power

2. The power of cards increases roughly linearly
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Model assumptions

1. Mana cost Is proportional to card power
2. The power of cards increases roughly linearly

3. Card effects have constant prices
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Model assumptions

1. Mana cost Is proportional to card power
2. The power of cards increases roughly linearly
3. Card effects have constant prices

4. Cards have an intrinsic value
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Mana cost is proportional to card power

The power of cards increases roughly linearly

Card effects have constant prices
Cards have an intrinsic value

The value of a card is the sum of its attributes
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attack + health + intrinsic value
Aa  + B5h + i

Mana
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Follow me !

How to find automatically Hearthstone undervalued cards

July, 2014

W Tweet |4 841 1a B shere | ¢

Hearthstone, like any collectible card game, has cards that are over-powered for their mana cost. Using them in
a deck improves the odds of winning as they are more mana efficient than cards that have a fair mana cost or
are over-priced. However given Blizzard's constant monitoring none of the Hearthstone under-valued cards are
as drastically overpowered as the Black Lotus in Magic the Gathering which makes them hard to spot manually.
L This is why | wrote a little software utility that automatically finds a card's true value and spots good bargains.

So far | was able to use my tool to evaluate the price of 134 cards (~30% of Hearthstone) and I've found quite a
few cards that are undervalued.

| also hadn’t had a chance to model the Naxxramas cards vet as | have been focus on finishing the research on

ABOUT ME

| Lead Google's anti-abuse
research. Develop new ways to
| protect users and disrupt bad

guys. Make Chrome safer and
faster. Help keeping G+ and
Gmail clean. Wear berets. Do
magic tricks.

£ LATEST BLOG POSTS

How to find automatically
Hearthstone undervalued cards

How to appraise Hearthstone
card values

boost user engagement

Using big data to understand
users' privacy concerns

Meaning matters: Why Google
switched to numeric captchas

ﬁ Choose the right sharing icon to
-~

@) POPULAR BLOG POSTS

Apple finally turns HTTPS on for
the App Store, fixing a lot of
vulnerabilities

o]

G

Display your latest Foursquare
Swgewe  checkins on your blog usi
Foursquare APl v2 and PHP

How to display your latest
Wy foursquare check-in details on
your blog

High-end Macbook Pro Retina
(late 2013, 15”) benchmark

How we broke the NuCaptcha
video scheme and what we
propose to fix it

T —. .

https:/www.elie.net/hs

Celine & Elie Bursztein | am a legend - Defcon 2014

tps://www.elie.net/h



https://www.elie.net/hs
https://www.elie.net/hs

———

AT O N
Boul M

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

———

BouldetistiOtre

N .
U

b=6a+7h +1

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

e —

' Bo‘t'l'gé,—-ﬁstmgre‘ '
- /’-\

—

6=6a+7h+1i

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

e —

' ﬁgﬁiﬁ”&f ist-;,,Og};e‘ '
//,/A

6=6a+7h+1i 4 =4a+ 5h + |

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

e —

' ﬁgﬁiﬁ”&f ist-;,,Og};e‘ '
//,/A

6=6a+7h+1i 4 =4a+ 5h + |

476

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

e —

ﬁo”ﬁi:‘e;fist;aogj;e‘ -
L e

o .
\
6"

6=6a+7h+1i 4 =4a+ 5h + |

476

1=1a+1.16h+1

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

| ﬂ(;d;‘g{ééﬁsu.og,r@' '
L e

o .
\
6"

6=6a+7h+1i 4 =4a+ 5h + |

476 /4

1=1a+1.16h+1

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

| ﬂ(;d;‘g{ééﬁsu.og,r@' '
L e

N

A\
7)
|
!

o .
\
6"

6=6a+7h+1i 4 =4a+ 5h + |

476 /4

1=1a+1.16h+1 1=Ta+1.25h +1

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

s J
~— L Eireball
M

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

s J
~— L Eireball
M

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

Bee 8 4=-6d —— 1mana =1.5dmg
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[ 4=6d — 1 mana =1.5dmg

Eireball
M

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

» - . . .

e 4=6d —— 1mana =1.5dmg

10=10d — 1 mana= 1dmg
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10=10d — 1 mana= 1dmg

Pre nerf (8 mana)
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4=6d — T1mana =1.5dmg

10=10d — 1 mana= 1dmg

Pre nerf (8 mana)

8 = 10d
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Pre nerf (8 mana)
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15 damage — 6 damage
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How to hunt for value cards
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How to find undervalued cards?

Model cards
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How to find undervalued cards?

Model cards

Reverse coefficients
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How to find undervalued cards?

Model cards

Reverse coefficients

Compute card’s real value
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How to find undervalued cards?

Model cards

Reverse coefficients

Compute card’s real value

y
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Use mana cost instead of
Approach bUdget fOr Clarity

llustrated Simple 5 card example to
make It easy
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Reversing attribute cost
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Reversing attribute cost

neEREY At Health Charge Divine Intrinsic
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Reversing attribute cost

ekl Atk Health Charge Divine Intrinsic
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Reversing attribute cost
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Reversing attribute cost
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Reversing attribute cost

Health Charge Divine Intrinsic

3 1 0 1
2 1 0 1
2 1 1 1
1 0 1 1
1 0 1 1
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Reversing attribute cost

Health Charge Divine Intrinsic

3 1 0 1
Least
2 1 0 1 square
—_—
2 1 1 1
1 0 1 1
1 0 1 1
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Reversing attribute cost

Health Charge Divine Intrinsic

= ]
3 1 0 1 Health = -1
Least
2 1 0 1 square Charge = 2
| Divine = ]
2 1 1 1 -
Intrinsic = 1
1 0 1 1
1 0 1 1
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Reversing attribute cost

Health Charge Divine Intrinsic

[
—h

4 4 3 1 0 1 Health = -1
Least
“ 5 2 1 0 1 square Charge = 2
Divine = ]
- DR
Intrinsic = 1
s 1o 1

. DR

Warning: These example attribute costs are bogus because
we didn’t use enough cards
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Finding real prices using reversed coefficients

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1
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Finding real prices using reversed coefficients

Aa +2h +c+d+i

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

Finding real prices using reversed coefficients

Aa +2h +c+d+i
AT +2*-1+2+1+1=6

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

Finding real prices using reversed coefficients

Aa +2h +c+d+i
AT +2*-1+2+1+1=6

\

2

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1
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Finding real prices using reversed coefficients

Aa +2h +c+d+i
AT +2*-1+2+1+1=6

\

2

la +1Th +d+1

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1
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Finding real prices using reversed coefficients

Aa +2h +c+d+i
AT +2*-1+2+1+1=6

la +1h +d+1
1*T+1*1+1+1=2

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1
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Finding real prices using reversed coefficients

Aa +2h +c+d+i
AT +2*-1+2+1+1=6

la +1h +d+1 / Under-valued

card!
1*T+1*1+1+1=2

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1
Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs
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Modeling dependence
between characteristics

Charge = Atk * charge coeff
Windfury = Atk * windfury coeff

Divine =7 (health related?)
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Reversed budget coefficients

Destroy minion 10.63
Board damage 3.69
Draw card 3.68
Divine Shield 2.74
Freeze 2.04
Silence 1.66
Damage 1.64
Durability 1.22
Stealth 1.21
Attack 1.14
Taunt 1.02
WindFury 0.96
SpellPower 0.93
Health 0.81
Battlecry: heal 0.69
Battlecry: self hero heal 0.68
Charge 0.65
Intrinsic value 0.32

Celine & Elie Bursztein
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Reversed budget coefficients

Effect cost per point

Destroy minion 10.63
Board damage 3.69
Draw card 3.68
Divine Shield 2.74
Freeze 2.04
Silence 1.66
Damage 1.64
Durability 1.22
Stealth 1.21
Attack 1.14
Taunt 1.02
WindFury 0.96
SpellPower 0.93
Health 0.81
Battlecry: heal 0.69
Battlecry: self hero heal 0.68
Charge 0.65
Intrinsic value 0.32

Celine & Elie Bursztein

Opponent draw card
Discard cards
Overload

Self hero damage

-3.97
-2.67
-1.68
-0.54

| am a legend - Defcon 2014
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Cost estimated by the algorithm (in mana)
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Cost assigned by Blizzard (in mana)

10

Model found several clearly undervalued cards :)
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Model found several clearly undervalued cards :)
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Model found several clearly undervalued cards :)
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Model found several clearly undervalued cards :)
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Most under-valued cards

3% Soulfire

1‘“' Light's Justice |
(% Backstab

1% Mortal Coil

1% Power Word: Shield

0- Sacrificial Pact |

1% Argent Squire

2% Explosive Trap

@ Voidwalker

2*- Frostbolt

2; Slam

1% Worgen Infiltrator &Y

1 Shieldbearer 1 )\
L1 Voo Doctor . IIZ

B

231 B Fire Elemental
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Taking It to the next level
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CEINMERGEVE

+ 100,000 games from May to June

+ Thanks to ... for them :)

+ Need a longer term solution

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

‘ l
‘ \/7H
(7

y


https://www.elie.net/hs

Cards In
hand

| Battlecry: Gain +1 Health |
for each card in your hand.

—

./q - - .
(4 /@i
\\’ :

e | Sy | —
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Cards In
hand

| Battlecry: Gain +1 Health |
for each card in your hand.

—

./q - - .
(4 /@i
\\’ :

e | Sy | —
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' Battlecry: Gain +1 Health

for each card in your han

Celine & Elie Bursztein

d.

Cards In
hand

Health Real Value

1

O o0 N o o o W DN

1.3
1.9
2.5
3
3.6
4.1
4.7
5.3
5.9

https:/www.elie.net/hs
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- @ Overpriced
2500 8 Fair
| 8 Undervalued
Average real value 3.7

o ]
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E 4
7p]
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© ]
0 1500-
e i
=2
=
|-|6 -
c 1000
: -
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500

ol 5.9
1 2 3 4 5 6 4 8 9

Drake Health

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

- @ Overpriced
2500 8 Fair
| 8 Undervalued
Average real value 3.7

o ]
T 2000
E 4
7p]
O]
Y4
© ]
0 1500-
e i
=2
=
|-|6 -
c 1000
: -
pd

500

0l 5.9
1 2 3 4 5 6 4 8 9

Drake Health

Twilight Drake’s price s fair
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Combo: Gain +2/+2 for |
' each card played earlier |
this turn.
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Combo: Gain +2/+2 for |
' each card played earlier |
this turn.
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(o this turn

Combo: Gain +2/+2 for |
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. EdW‘“ VanCleef

v - —

| Combo: Gain +2/+2 for
_’ each card played earlier
this turn.

Celine & Elie Bursztein

;)

A

Cards

played
this turn

Edwin size

2/2
4/4

6/6

8/8

10/10
12/12
14/14
16/16
18/18
20/20
22/22

1.09
3.04
4.98
6.92
8.87
10.91
12.75
14.70
16.64
18.58
20.53

Real value

| am a legend - Defcon 2014
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Num of VanCleef made

Celine & Elie Bursztein

800

700

600

500 -

400 -

300 -

200 -

100 -

8 Fair

16.6 18.6

S 22.5 24.4

.‘

212 4/4 6/6 8/8 10/1012/1214/1416/16 18/18 20/20 22/22 24/24 26/26 28/28
VanCleef size (atk/hp)

@ Over-priced

@) Undervalued
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800

B @ Over-priced
700 8 Fair
@) Undervalued
600 Average real value 8.1
(D)
8 500
=
‘©
Q
:’% 400 -
>
‘S
£ 300 -
Z
200 -
100
. 16.6 18.6
202 225 244 o
Of

212 4/4 = 6/6 8/8 : 0/10 12/12 14/14 16/16 18/18 20/20 22/22 24/24 26/26 28/28
— . VanCleef size (atk/hp)
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Num of VanCleef made

800

700

600

500 -

400 -

300 -

200 -

100 -

@ Over-priced

8 Fair
@) Undervalued

Average real value 8.1

16.6 18.6

20.5

22.5 244

212 4/4 = 6/6 8/8 ; 0/10 12/12 14/14 16/16 18/18 20/20 22/22 24/24 26/26 28/28
— . VanCleef size (atk/hp)

VanCleef i1s undervalued, a fair price is probably

Celine & Elie Bursztein

between 6 and 8 mana
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Flamestrike

Deal 4 damage to all
enemy minions.

Celine & Elie Bursztein

-
-
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Flamestrike

Deal 4 damage to all
enemy minions.

Celine & Elie Bursztein

-
-
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—

Flamestrike
L7y

Deal 4 damage to all
enemy minions.
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4 2.43835

5 . 8 5.71835

ﬂamestnk = \‘\i | N um 12 8.99835
e

Minions 16 12.27835

Deal 4dam§age toall | | 20 | EEQ3E
enemy minions.

24 18.83835

28 22.11835

Normal damage coeff
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—

Flamestrike
L7y

Deal 4 damage to all
enemy minions.
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Damage Value

4 6.5
7 1 —
<] 8 13.9
ct s Num 12 213
ﬂamestrlke \"i M
Inions 16 28.6
Deal 4 damage toall | | 20 36.0
enemy minions.
24 43.4
28 50.7

Board damage coeff
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Num of Flamestike casted

140 -
130 1
120 1
110 1
100 1

90 1

80 !
70-
60 !
50
40
30 !
20-

10

@ Over-priced
) Undervalued

9.7

22.1

4 8 12 16 20 24 28
Potential damage

Flamestrike's price Is fair

Don't split board damage and single damage coeff

Celine & Elie Bursztein

| am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs



https://www.elie.net/hs

4 Dashboard

,1‘ Argent Squire
8 Elven Archer

: Knlfejuggler
2% Nerubian Egg

' Deal2 damage to an
| undamaged minion.

Z* Eviscerate
2% Betrayal
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Our tool )

Elie Bursztein®™” = | ° = '

4 Dashboard 0‘\‘{.‘\2\“.~ ;&\’\\\\”\- =

AR <= — > b i 'I:NEMY run'
.2 Haunted Creeper ' "% 420 0 e S N N —— -
2 kit uggler 1§ SN )2 B8 A ' Deal 2 damage to an o\ v Vi Q «
2 Nerublaniesy L | undamaged minion. |
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Real time dashboard

4 Dashboard

1‘ Deadly Poison *
.ﬁ Eviscerate ;,,, 4.19
2 Betrayal M 1.14
8 Sinister Strike VQ 1.05
6 Holy Fire AN 0.67
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Real time dashboard

4 Dashboard

Game metrics

1‘ Argent Squire
8 Elven Archer \ “
‘I‘ Flame Imp

,1‘ Deadly Poison *
2 Eviscerate —. 419
2 Betrayal “M 1.14
8 Sinister Strike VQ 1.05
6 Holy Fire AN 0.67
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Real time dashboard

4 Dashboard

Game metrics

J‘ Argent Squire
1‘ Elven Archer
‘I‘ Flame Imp

My deck with
card tracking

,1‘ Deadly Poison *
2 Eviscerate —. 419
2 Betrayal “M 1.14
8 Sinister Strike VQ 1.05
6 Holy Fire AN 0.67
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Real time dashboard

4 Dashboard

Game metrics

J‘ Argent Squire
1‘ Elven Archer
‘I‘ Flame Imp

My deck with
card tracking

STL 100
3 HarvestGolem i@l 2 0 0
_3‘ Void Terror . ey

Opponent’s cards
played so far

,1‘ Deadly Poison *
2 Eviscerate —. 419
2 Betrayal “M 1.14
8 Sinister Strike VQ 1.05
6 Holy Fire AN 0.67



https://www.elie.net/hs

Real time dashboard

Game metrics S

18 Argent Squire = % ir,g.%(
8 Elven Archer \

‘I‘ Flame Imp

My deck with
card tracking

Opponent’s cards

played so far
Opponent’s next

card prediction

f “ VA" 66.67
18 Deadly Poison * $20.86
.I_ﬁ Eviscerate = 4.19
2 Betrayal “M 1.14
8 Sinister Strike VQ 1.05
6 Holy Fire AN 0.67
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Game Metrics

Me

Opponent



https://www.elie.net/hs

1‘ Voidwalker

18 Abusive Sergeant = i
._1‘ Argent Squire ‘
,1‘ Elven Archer
18 Flame Imp

1 Power Overwhelming

T = Total
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Opponent played cards

T = Total



https://www.elie.net/hs

Predictions

1‘ Sinister Strike V@ 1 05
AN 0.67
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Game data from
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Packet Sniffing

Game data from
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Packet Sniffing
Game data from OCR
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Packet Sniffing
Game data from OCR
Debug logs
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Packet Sniffing
Game data from OCR
Debug logs

Real logs from Blizzard like in WoW ?


https://www.elie.net/hs

Video

video demo
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Turn by Turn History

Action

drawn

Action drawn

Dire Wolf Alpha 7™ T drawn ? drawn
Argent Squire AR J ! drawn
Flame Imp 1WA/ 4 drawn

Action

Action

Voidwalker .
Argent Squire R 7N

Action Action
drawn

played

played Action

played with ability

Action

Preparation played with ability
Action

Eviscerate Sl played with ability
killed

Action
Action

played
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Avalilable on Github
LightWind/hearthstone-dashboard
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Naxx's new cards made the meta too unstable to be
predicted accurately for now
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How the prediction algorithm works

Model card affinities
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How the prediction algorithm works

Model card affinities

o e atiiies |

Evaluate affinities
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How the prediction algorithm works

Model card affinities

o e atiies |

Evaluate affinities

{

Learn from replays
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How the prediction algorithm works

Model card affinities

o e atiies |

Evaluate affinities

{

Learn from replays

v

Profit :)
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Card bigrams

s et ——
skmastey

\ i
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Card bigrams

\ e X
cruel TasEmasier
et Tasmamatt
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Card bigrams

|

(b
7

T iiaiemaster

7N

: ' .
— iPai
1ytelof n|
Acol Y/,T_.—\
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Un-ordered bigrams
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Crue\ TaskRmasier
//A

a4

mast = | ‘ = hmaste
cfuelLas«-_‘f_——-—;——*& C O JbaONrn—n_ Cruﬁ‘-———\

2.

Celine & Elie Bursztein | am a legend - Defcon 2014 https:/www.elie.net/hs


https://www.elie.net/hs

v .
i
.‘. ’ l
. '. |+
| { L
\ ! g
Yy i
o
P /
: . B . -
g
G ‘I ’
= "".’
., ’ Wz
‘ . } A -
¥,
h Y {
Y

R &

.

- -


https://www.elie.net/hs

Played

A8

y

peadlyiPoison
= =

Vet ma20n
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Played

A4S

y

/Dézldly. Poison)
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Played BlI-grams

A4S

y

/Dézldly. Poison)
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Played BlI-grams

A8

%y 3
N N 2
AD)

peadlyiPoison /f;nofKnlves

-

7
¥

A8

2

/De“adly Poison
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Played BlI-grams

A8 ‘ 3%

|
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A8
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/Denadly Poison e o
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Played BlI-grams

A8

/

| A
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_.__\
fad

B eFlurry
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BlI-grams
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Played BlI-grams Ranked Predictions
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Played BlI-grams Ranked Predictions
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Played BlI-grams Ranked Predictions
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Played BlI-grams Ranked Predictions
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Training and evaluation

Training: 45000 replays
Testing : 5000 replays

1 model per class
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97% success rate for best prediction by turn 3
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100% -

90% -

80% -

70% -

60% -

50% -

40% -

30% -

Probability predictions will be played

20% -

/ -=- Best prediction
10% - —o— Average

- 10th prediction

0% — | | | | | | | |
2 3 4 5 6 7 8 9 10
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Predicting game outcome

How to optimize deck for
mana-throughput

Hero powers comparison

What's next? Comparing deck types
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Thank you!

https://www.elie.net/hs & @elie/@cealtea on Twitter



https://www.elie.net/hs
https://www.elie.net/hearthstone
http://swiatgry.pl/tapety/pc/5488,hearthstone_heroes_of_warcraft

