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Model assumptions
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2. The power of cards roughly increase linearly
3. Card effects have constant price

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

The power of cards roughly increase linearly

Card effects have constant price
A card have an intrinsic value

The value of the card i1s the sum of its attribute
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mana = attack + health + intrinsic value
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attack + health + intrinsic value
Aa  + B5h + i

Mana
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Approach
Illustrated
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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

N

Warning these example attribute costs are bogus as we
didn’t use enough cards
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Finding card real price using reversed coefficients

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1
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Finding card real price 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 card real price 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
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la +1h +d+1

Coeffs: Charge = 2 1 Health = -1 Divine = 1 Intrinsic = 1
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Finding card real price 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 card real price 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
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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.
u 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.
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card values

boost user engagement

Using big data to understand
users' privacy concerns
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ﬁ Choose the right sharing icon to
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Modeling dependance
between characteristics
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Modeling dependance
between characteristics

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

Divine =7 (health related?)

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


https://www.elie.net/hs

Modeling dependance
between characteristics

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

Divine =7 (health related?)

Model also use a card budget:
2*mana + 1
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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

Destroy minion 10.63 Opponent draw card
Board damage 3.69 Discard cards

Draw card 3.68 Overload

Divine Shield 2.74 Self hero damage
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 2 coeff point ~ 1
Battlecry self hero heal 0.68

Charge 0.65

Intrinsic value 0.32

Celine & Elie Bursztein
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-1.68
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mana point
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Destroy minion 10.63
Board damage 3.69
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WindFury 0.96
SpellPower 0.93
Health 0.81
Battlecry heal 0.69
Battlecry self hero heal 0.68
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Opponent draw card
Discard cards
Overload

Self hero damage

2 coeff point ~ 1

-3.97
-2.67
-1.68
-0.54

mana point
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Cost estimated by the algorithm (in mana)
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Model found a couple of clearly undervalued cards :)
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Most under-valued cards (~130 cards)

o
3% .(J% Soulfire
Ao

2% 18 Light's Justice
N
U9 (0% Backstab

W

o :
B4 1% Power Word: Shield

)
WX.0% Sacrificial Pact
o
oL 1% Argent Squire
B

8L 2% Explosive Trap

)
Y 1S Voidwalker

]
WA 2N Frostbolt

18 Shieldbearer

o
18 Voodoo Doctor

6“ Fire Elemental

Full data https://www.elie.net/tools/hearthstone/cards_value
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Taking It to the next level



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

+ 100 000 games from May to June

+ Thanks to ... for it :)

+ Need a longer term solution
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| Battlecry: Gain +1 Health
for each card in your hand
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Cards In
hand

—

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

Cards In
hand

—

Health EEIRVENE

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

Celine & Elie Bursztein
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] @ Overpriced
2500 - @ Fair
] @) Undervalued
Average real value 3.7

o ]
T 2000
E 4
7p]
()
X
© ]
O 1500-
< |
=)
E
= ]
c 1000
S ]
Z

500 -

0- 5.9
1 2 3 4 5 6 7 8 9

Drake Health
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] @ Overpriced
2500 - @ Fair
] @) Undervalued
Average real value 3.7

o ]
T 2000
E 4
7p]
()
X
© ]
O 1500-
< |
=)
E
= ]
c 1000
S ]
Z

500 -

0- 5.9
1 2 3 4 5 6 7 8 9

Drake Health

Twilight drake price is fair
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™

Combo: Gain +2/+2 for |
' each card played earlier |
this turn.
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ALY
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% R— —

™

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

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


https://www.elie.net/hs

—

N D g
! ,f'
.
|/ A . >
K 2 {: 5
i . £ 3 !
s 'R P 4 054 |
i ! ’ >
: b e ¢ K
Al
. |
0 AL & - £
‘ o
-
\ // ~

— vanCleef

Cards
, played
| EAWID = :
=l this turn
\

Combo: Gain +2/+2 for |
' each card played earlier |

this turn. / /\\\
/
l’s2‘
R
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g ," ' L 1)

" '

(/ ‘ . > " .
. i

‘J" é!at

. 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

800 -

700

600 -

500 -

400

300 -

200 -

100 -

8 Fair

100 18.6

O 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

8 Undervalued

Celine & Elie Bursztein
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Num of VanCleef made

800 -

700

600 -

500 -

400

300 -

200 -

100 -

5.0

8 Fair

Average real value 8.1

10.8

16.6

1.1 18.6

20.5

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

8 Undervalued

Celine & Elie Bursztein
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800 -

700 -

600 -
()]

8  500-
£
D
3

Q  400-
S
re)

E 300
prd

200 -

100

O,

@ Over-priced

8 Fair
8 Undervalued

Average real value 8.1

10.8

16.6

1.1 18.6

20.5

225 24.4 o,

2/2 4/4  6/6 8/8 ; 0/1012/1214/14 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 5 and 7 mana
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Flamestrike

Deal 4 damage to all
enemy minions.

Celine & Elie Bursztein

-
-
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= Y

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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Damage Value

4 6.5

R . 8 13.9

s Num 12 21.3
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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—

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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Num of Flamestike casted

140
1302
1202
1102
1002
90 -
80
70-
602
50
40
302
20-

10—

@ Over-priced
) Undervalued

5.7

22.1

4 8 12 16 20 24 28
Potential damage

Flamestrike price Is fair

Don't split board damage and single damage coeff

Celine & Elie Bursztein
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@» Dashboard

' Deal2 damage to an
| undamaged minion. |

¢ A/
4% Leeroy Jenkins «;%_1 00
"o . 200

.1‘ Deadly Poison *
2 Eviscerate o 419

2 Betrayal {y‘ 1.14
8 Sinister Strike V@ 1.05
6% Holy Fire AN 0.67
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Our tool )

@» Dashboard

1‘ Argent Squire
,1§ Elven Archer

Deal 2 damage to an
| undamaged minion.

o 419

; A 114
8 Sinister Strike V@ 1.05
AR 0.67
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Real time dashboard

@— Dashboard

Game metrics —

1‘ Argent Squire = &e,\(
18 Elven Archer LW

My deck with
card tracking

Opponent cards

played so far
Opponent next

cards prediction

, ALY '66.67
1% Deadly Poison * $20.86
2 Eviscerate ~ L3 )
._2 Betrayal l_-y‘ 1.14
A sinister Strike V@ 1.05
6 Holy Fire AN 0.67
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Game metrics

Me
Opponent
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._d‘ Soulfire

1‘ Abusive Sergeant
,1‘ Argent Squire

v1‘ Elven Archer

1‘ Flame Imp

~_1‘ Power Overwhelming
1‘ Voidwalker

-

4l Dark Iron Dwarf
4\ Defender ofArgu ‘
.4‘ Leeroy Jenkins =
9 Doomguard

e

T = Total
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My opponent

T = Total
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Predictions

1‘ Sinister Strike V@ 1 05
6 Holy Fire AN 0.67
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Game data from
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Sniff packets

Game data from
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Sniff packets
Game data from OCR
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Sniff packets
Game data from OCR
Debug log
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Sniff packets
Game data from OCR
Debug log

Real logs from Blizzard like in WoW ?
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Turn by Turn History

Action

Turn 2

Card Action

Action

Turn 3

Card Action

Voidwalker . drawn
&

Argent Squire R 70N played

Action

Action

drawn

Turn 5

played with ability

Flame Imp L Ve

Action
Turn 6 :
Preparation played with ability
Action
Eviscerate ‘ played with ability

killed

Action
Action

played
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Avalilable on Github
LightWind/hearthstone-dashboard
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Naxx new cards made the meta to unstable to be
predicted accurately for now
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Anatomy of our prediction system

Model card affinities
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Anatomy of our prediction system

Model card affinities

T

Evaluate affinities
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Anatomy of our prediction system

Model card affinities

o e atiiies |

Evaluate affinities

{

Learn from replays
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Anatomy of our prediction system

Model card affinities
Evaluate affinities

Learn from replays

o St it
e o
O

Profit :)

Celine & Elie Bursztein | am a legend - Defcon 2014


https://www.elie.net/hs



https://www.elie.net/hs

Cards bigrams

Taskmiaster
/-‘f ~

c;uQ} SE Tt
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Cards bigrams

LT
s lyaskmaster
cruelifasss====y
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Cards bigrams

o SR iy

Taskmasteyr
/A

s

\ e
Acotysescfialing

- ‘
N\
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Cards un-ordered bigrams

7’)__,_:—}-"—-_.~\ -
AcotysesciiBaing

A : NS
N el - e N\ e
q = = maste — fiPai
fasmaster oriectbain) jTastmastes AcoticiuBain)
=g B\ S ). ). el ).

) ===
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Played

A8

y

“DeadlyiPoison
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Played

A8

y

TDeadlyiPoison
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Played BlI-grams

\lk
y

TDeadlyiPoison
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Played BlI-grams

A8

Swd -

PRIy e
/f;n.ofl(mves

= "":m\f’j'«.\\'x

A8

A

/D;adlyl?ms()n
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Played BlI-grams

A8

if
A : :
/De‘adlyl’mson /fa‘nof‘l(mves

—~— ,j“'\_ ~ e

— —

y

A8

A |
/pé‘adly POison =

Deadlypoison Bladel:lurry

A\
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Played

A8
)

/De-adlypms()n

B —

=4

Celine & Elie Bursztein

BlI-grams
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/

A | ¥
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e
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o
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Played

A8
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Celine & Elie Bursztein

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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Suspense Is Killing me
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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% —

10% -

-=- Best prediction
-e- Average
- 10th prediction

0%

I |

9 10
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100% -
.

90% -
3
3 80% -
o
S 70%-
E ——
2 60% -
Q
§ (o)
8 50%
o
£ 40%-
=
3
O 30%
o

20% —

- -
/ -=- Best prediction
10% - -o- Average
-=# 10th prediction
OO/O \ \ \ \ \ \ \ \ \
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 decks types
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Thank you!

https://www.elie.net/hs & @elie/@cealtea on Twitter
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http://swiatgry.pl/tapety/pc/5488,hearthstone_heroes_of_warcraft

