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Card special abilities are what make the game 
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Sometimes too interesting leads to  
un-intended consequences

Painting by http://www.jason-w.com/blog/the-fall-of-lordaeron

https://www.elie.net/hs
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Game complexity generates exploitable biases
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Outline

1. Finding undervalued cards 

2. Predicting opponent’s deck 

3. Predicting game outcome
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Your hero 
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Your hero 

Opponent’s  
hero
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Hero health 
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Decks
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mana pool 
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Your Weapon 
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Minions
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video of a turn
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Mana Cost
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Mana Cost

Attack
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Mana Cost

Attack Health
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  Model assumptions
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1. Mana cost is proportional to card power

  Model assumptions
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1. Mana cost is proportional to card power

2. The power of cards increases roughly linearly

  Model assumptions
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4. Cards have an intrinsic value
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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

5. The value of a card is the sum of its attributes

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

= +mana attack +health intrinsic value
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= +mana attack +health intrinsic value
4 4a + i= + 5h
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Redit story Thank you 
for the feedback! 
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6 = 6a + 7h + i
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6 = 6a + 7h + i 4 = 4a + 5h + i
/6
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6 = 6a + 7h + i

1 = 1a + 1.16h + i

4 = 4a + 5h + i
/6
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6 = 6a + 7h + i

1 = 1a + 1.16h + i

4 = 4a + 5h + i
/6 /4
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6 = 6a + 7h + i

1 = 1a + 1.16h + i

4 = 4a + 5h + i

1 = 1a + 1.25h + i

/6 /4
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4 = 6d
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4 = 6d 1 mana  = 1.5 dmg
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4 = 6d

10 = 10d

1 mana  = 1.5 dmg
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4 = 6d

10 = 10d

1 mana  = 1.5 dmg

1 mana =  1 dmg
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4 = 6d

10 = 10d

1 mana  = 1.5 dmg

1 mana =  1 dmg

Pre nerf (8 mana)
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10 = 10d

1 mana  = 1.5 dmg

1 mana =  1 dmg

8 = 10d
Pre nerf (8 mana)
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1 mana =  1 dmg

8 = 10d 1 mana =  1.25 dmg
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10 damage 4 damage

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

Compute card’s real value

Reverse coefficients
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How to find undervalued cards?

Model cards

Compute card’s real value

Reverse coefficients

Profit :)

https://www.elie.net/hs
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Use mana cost instead of 
budget for clarity 

Simple 5 card example to 
make it easy

Approach 
illustrated

https://www.elie.net/hs
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Charge
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Charge Divine shield
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4 = 4a + 3h + c + i
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4 = 4a + 3h + c + i

6 = 5a + 2h + c + i

6 = 4a + 2h + c  + d + i

3 = 3a + 1h + d + i

1 = 1a + 1h + d + i

https://www.elie.net/hs
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Reversing attribute cost
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Reversing attribute cost

mana Atk Health Charge Divine Intrinsic
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Reversing attribute cost

mana Atk Health Charge Divine Intrinsic

4 4 3 1 0 1

https://www.elie.net/hs


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

Reversing attribute cost

mana Atk Health Charge Divine Intrinsic

4 4 3 1 0 1

6 5 2 1 0 1
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Reversing attribute cost

mana Atk Health Charge Divine Intrinsic

4 4 3 1 0 1

6 5 2 1 0 1

6 4 2 1 1 1

3 3 1 0 1 1
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Reversing attribute cost

mana Atk Health Charge Divine Intrinsic

4 4 3 1 0 1

6 5 2 1 0 1

6 4 2 1 1 1

3 3 1 0 1 1

1 1 1 0 1 1
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Reversing attribute cost

mana Atk Health Charge Divine Intrinsic

4 4 3 1 0 1

6 5 2 1 0 1

6 4 2 1 1 1

3 3 1 0 1 1

1 1 1 0 1 1

Least  
square 
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Reversing attribute cost

mana Atk Health Charge Divine Intrinsic

4 4 3 1 0 1

6 5 2 1 0 1

6 4 2 1 1 1

3 3 1 0 1 1

1 1 1 0 1 1

Atk

Health

Charge

Divine

Intrinsic

=
=
=
=
=

1

-1

2

1

1

Least  
square 
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Reversing attribute cost

mana Atk Health Charge Divine Intrinsic

4 4 3 1 0 1

6 5 2 1 0 1

6 4 2 1 1 1

3 3 1 0 1 1

1 1 1 0 1 1

Atk

Health

Charge

Divine

Intrinsic

=
=
=
=
=

1

-1

2

1

1

Warning: These example attribute costs are bogus because 
we didn’t use enough cards 

Least  
square 
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Finding real prices using reversed coefficients

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

4a   + 2h    + c + d + i

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

4a   + 2h    + c + d + i
4*1 + 2*-1 + 2 + 1 + 1 = 6

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

4a   + 2h    + c + d + i
4*1 + 2*-1 + 2 + 1 + 1 = 6

1a   + 1h    + d + i

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

4a   + 2h    + c + d + i
4*1 + 2*-1 + 2 + 1 + 1 = 6

1a   + 1h    + d + i
1*1 + 1*-1 + 1 + 1 = 2

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

4a   + 2h    + c + d + i
4*1 + 2*-1 + 2 + 1 + 1 = 6

1a   + 1h    + d + i
1*1 + 1*-1 + 1 + 1 = 2

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

Under-valued 
 card!
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Charge    = Atk * charge coeff 

Windfury = Atk * windfury coeff 

Divine      = ?        (health related?)

Modeling dependence 
between characteristics

Thanks to Niels for the idea

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

Et voila!
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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
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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

Effect Cost per point

Opponent draw card -3.97
Discard cards -2.67
Overload -1.68
Self hero damage -0.54
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Model found several clearly undervalued cards :)
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Most under-valued cards
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Taking it to the next level
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• 100,000 games from May to June 

• Thanks to … for them :) 

• Need a longer term solution

 Game replays
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Pricing cards with unique effects
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Cards in 
hand
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Cards in 
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Health Real Value

1 1.3

2 1.9

3 2.5

4 3

5 3.6

6 4.1

7 4.7

8 5.3

9 5.9

Cards in 
hand
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Twilight Drake’s price is fair
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Cards 
played 

this turn
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Edwin size Real value
2/2 1.09
4/4 3.04
6/6 4.98
8/8 6.92
10/10 8.87
12/12 10.51
14/14 12.75
16/16 14.70
18/18 16.64
20/20 18.58
22/22 20.53

Cards 
played 

this turn
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VanCleef is undervalued, a fair price is probably 
between 6 and 8 mana
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Num 
Minions
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Num 
Minions

Normal damage coeff

Damage Real Value

4 2.43835

8 5.71835

12 8.99835

16 12.27835

20 15.55835

24 18.83835

28 22.11835

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

Damage Value

4 6.5

8 13.9

12 21.3

16 28.6

20 36.0

24 43.4

28 50.7

Board damage coeff

https://www.elie.net/hs
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Flamestrike's price is fair  
Don’t split board damage and single damage coeff
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Predicting cards

Predicting opponent’s deck
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Celine
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Celine

Our tool :)
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Real time dashboard
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Game metrics

Real time dashboard
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My deck with 
card tracking

Game metrics

Real time dashboard
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Opponent’s cards 
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Real time dashboard
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My deck with 
card tracking

Game metrics

Opponent’s cards 
 played so far

Opponent’s next 
card prediction

Real time dashboard

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

Opponent

Game Metrics
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My deck

T = Total

P = Played

D = Dead
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T = Total

P = Played

D = Dead

Opponent played cards
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Predictions
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Game data from
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Packet Sniffing

Game data from
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Packet Sniffing

OCRGame data from
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Packet Sniffing

OCR

Debug logs

Game data from
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Packet Sniffing

OCR

Debug logs

Game data from

Real logs from Blizzard like in WoW ?

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

video demo
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Turn by Turn History
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Available on Github 
LightWind/hearthstone-dashboard
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Naxx's new cards made the meta too unstable to be 
predicted accurately for now

https://www.elie.net/hs
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How the prediction algorithm works

Model card affinities

https://www.elie.net/hs


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

How the prediction algorithm works

Model card affinities

Evaluate affinities
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How the prediction algorithm works

Model card affinities

Learn from replays

Evaluate affinities
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How the prediction algorithm works

Model card affinities

Learn from replays

Evaluate affinities

Profit :)

https://www.elie.net/hs
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Modeling card affinities
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Card bigrams
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Card bigrams
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Un-ordered bigrams
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Evaluate card affinities
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Played
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Played Bi-grams
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Played
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Training: 45000 replays 

Testing :   5000  replays 

1 model per class

Training and evaluation

https://www.elie.net/hs
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97% success rate for best prediction by turn 3 
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Predicting game outcome 

How to optimize deck for 
mana-throughput 

Hero powers comparison 

Comparing deck typesWhat’s next?

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

http://swiatgry.pl/tapety/pc/5488,hearthstone_heroes_of_warcraft

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

