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Balancing Nightmares: an Al Approach to Balance
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Who are we?

Kazuko Manabe

Al Engineer
Advanced Technology Division
SQUARE ENIX CO., LTD

Console game development
Tool development
Currently: QA, Game balance
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Who are we?

Shigeru Awajl

Online Engineer

Advanced Technology Division
SQUARE ENIX CO., LTD

Designed and created general Windows
desktop applications and databases

Cooperate using data analysis on more than
20 projects over the course of 3 years

@ADVANCED
SOUARLE ENIX getcHNooey GD‘ ©2019 SQUARE ENIX CO. LTD. All Rights Reserved.




' 'fr' . o3l LY i B PR cgandndae SIREURIN: L ) S ‘ VR 4% | AR ig:-.v-;'—'w.-vg Biddiio Ao Sl GERE gne r—.::,w,.:wm IS &

Contents
Introduction of Grimms Notes Repage

Game balance using Al

Proposed method
Experiments and their results
Applications to other games

System configuration for balance adjustment
What could we do next?
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Grlmms Notes Repage
» Action battle game for smartphones
» Over 17 million downloads

Party preparation
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Definition of Party iIn Grimms Notes Repage
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Party

Main

Main
Character ©

Character

M a i n :_'/fi:, Ol 2
Character f§ing |
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Party

Character

Alicia

”‘I‘-I'erb Al ”‘I\-Ilerb Al
Condition Action
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Balancing Grimms Notes Repage, a Nightmare?

Main characters: 8 Accessory: 4
Select a leader
Hero Al * 6:
Hero: 80

Conditions: 30

Wea_pon: 60 Actions: 20

Skill core * 5: 65

Costume: 3 (Approximate estimate)
Combinations:
3! 8 8 (8%5) 8 8 301 ° (6%8)
X DX A5 TX X 2047
4!><(8—4)!X4X80 X 60° X 65 3 (30— 6)

~ 1.0 = 1fs

Y
\ , \ »5
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Challenge: Impossible to check all combinations of
elements in a party in limited time

Idea: If there are elements which have effects that are
too strong in the game, the strongest party should have
these elements.

Optimization-based falsification*:

“It utilizes global optimization methods to guide the tests
towards a possibly small region in the input space that
lead to an incorrect system behavior”

* Tuncali, Cumhur & Hoxha, Bardh & Ding, Guohui & Fainekos, Georgios & Sankaranarayanan, Sriram. (2018).
Experience Report: Application of Falsification Methods on the UxAS System. 10.1007/978-3-319-77935-5_30.
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Lot .
We did It!
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Corresponding terms

Genetic Algorithm
Environment Fithess Individual

Alicia

» A
Battle

Grimms Notes
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Why GA?
The algorithm is simple and easy to handle
It has a long history; there are many papers on GA

We can get a suboptimal solution in limited time
We can stop the execution whenever we want

GA is suitable for product development
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GA Process I

1. Create Initial parties with randomly chosen genes
Set the initial parties as the 1st generation

2. Evaluate the parties in the latest generation
3. Select the best parties
4. Crossbreed the parties

5. May mutate a few parties (based on probability)

Set the created new parties in Step 4 and Step 5 as the next
generation

6. Stop in a specified condition or back to Step 2
Ex. Stop if specified time has elapsed
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Evaluate = Measure fithess for environment
Environment = Battle
i N e 0
test22 = ®©®©®©@.®A@@A O© O@O@O@@
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2 Evaluate the partles = Battle types IN Grlmms Notes "
» PVE: Player vs. Environment
Battle against monsters (CPU)

» PvP: Player vs. Player
One-to-one battle between human players

T s LR L SRl A

Auto-play battle
After starting the battle, players can do nothing
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2 Evaluate the parties — Analyze the features of the battle

PvE PvP

Victory Wipe out the enemies The most remaining
condition or beat the boss life points
Rewards Materials Arena Points
Opponents Can choose Cannot choose

opponent opponent
The number of Unlimited Limited
challenges
Defeat penalty Nothing Lose Arena Pomts
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2 Evaluate the parties — Analyze the features of the battles'”

PvE -

Victory Wipe out the enemies

condition or beat the boss

Rewards Mater@ _ _ _

Very important to win quickly
Opponents Can choose
opponent

The number of

challenges

Defeat penalty m 5
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Evaluation policy

Victory Defeat

Battle—time | Damage dealt

Specialized for the game
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Victory
condition

Rewards

(0 SIS EERAR IR i, o SR AR

e PvP

The most remaining

life points

High and stable winning
Arena Pom

percentage Is important

Opponents

The number of

challenges

Defeat penalty

SDUARE ENIX

Cannot choose
opbohent

Lose Arena Pomts
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To measure the winning percentage
» Fight with parties of different fighting styles

1 evaluation

Par valuated

(d ) M i \
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- 4 'ed ”
S £ OO0 ¢ )
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Top players’
parties Iin the
actual ranking

» Use the average of the battle results as the

evaluation value
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2 Evaluate the parties — Evaluatlon for PvP

Evaluation policy

Victory Defeat

Difference of Difference of
remaining life points | remaining life points

+ fixed bonus points ———

Specialized for the game
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2. Evaluate the parties

Mapping values in different units to the same axis

Case of PVE: (Second) Fitness

1000
800
Victory 600 & -
400 — ‘
200

0
(Damage)
1000000

800000
Defeat 600000 Defeat
400000
200000
0 >
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3. Select the best parties

Fithess

Victory i
2 Top 80% Inherit their genes to
parties survive the next generation

Defeat

J |

— The rest will die
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" 4. Crossbreed the parties: One—Point Crossover
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9. Mutate a part of the parties

Mutation probability: 5% Cut and replace a
subtree randomly

N TR ﬁm‘m —\W};?-q‘m,*y'ﬂwva"f "
ALEE £ £\ LS . AN

Rarely, very good (part of)
elements appear

» This Is an important step to improve the coverage
quality
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' 2-5. Create parties from previous generation
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Improve gradually
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Overview

Use the actual game
almost directly

o i Customize
< Evaluation J
BN [, (o ENEL. Applicable to
: other games
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Change of fithess values in PvE

i Victory party @
a0 e | Defeat party @
H e W . - (Mutated victory party @)

Battle (Mutated defeat party @)

Time 200

50 100 150 200

Generation
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Change of fitness values In PvE

(s€C.) Dwipe out
6001 P

@Flrst winning party appeared Victory party @
Defeat party @

400+ @Increase winning parties (Mutated victory party @)
Battle | and shorten thelr battle time (Mutated defeat party @)

Time 200

% 50 100 150 200

Generation
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1.25

1.0+

0.8 -
Fithess
valueo

0.4-

0.0 GRPAE | | .
0 50 100 150 200
Generation

o ,5; Vlctory party @
i ~’_= Defeat party @

~t>. (Mutated victory party @)

* (Mutated defeat party ®)

—

Improved continuously
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Change of fltness values In PVP

The best party
1.2- . @

1.0- R SR - -?5 3“"“3:"‘ Victory party @
0 Win percentage ®
(* 95% confidence interval) ory party @)

Fitnes :
value O| Best party against training set: eat party @)

0 (300 times) 171.33% £ 4.74%

0 Best party against test set:

(300 times)
0
Generation
..__.-sﬁ;_L L i M SYAN ° A ofh g S N __L RPN AN bk "".’A“‘ll X A
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The best party — What was good?
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Visualization of the information

=™ This party Is strong?
«,,.g_;g T._f ‘ OK, but why?
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-.._“II
TR
-
T T
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Visualization tool

» The visualization should not be costly, and it should
be easy to add features, or change existing ones

Requirements keep changing!

» Apache Zeppelin
Python / R / Java (Scala)
JDBC / Hadoop HDFS / Google BigQuery / AWS S3
Ad hoc updatable
Scalability
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" How to show the achievements made by Al
Fithess
(excellence) Each row details a match's results and its party composition
N\

bid fithess results UHADS WGE memo 1-2Wea Pon Al RolePerformance
1141404 [1.15337| * % x4 0CDDC THC:UUASTW 47 . 635( 4 # A W) [ACE] A&H AllAlive OHC:UUFUFF 0.0(-—-)
1136519(1.14539| *x %+ % QCDDC THC:UUFUFF 20. 244 4w A i) [ACE] A&H AllAlive OHC:SUBSTW 0.0(-—-)
1130954 |1.11714 *x % Sx 0DDDC THC.UUFUFF 40307 Ox @ @ [ACE] A&H AllAlive OHC:SUFSTW 2.603(-—--)
1130848 1.11048 * xS % 0DDDC THC:UUFUFF 7. 339 % A i 2 ) [ACE] A&H AllAlive OHC:SUFSTW 4.959(---—-)
1127984110936 % ¥ 2% 0DDDC THC:UUFUFF J38.962 (% % S W () [ACE] A&H AllAlive OHC:SUBSTW 0.0(-—-)
1146588 (1.10527| * %% 2% QCDDC THC:UUBUFW 42 566 % © % ¥ i) [ACE] A&H OHC:UUFBFF 0.0(-—-)
1134594 | 1.10517 S+ x QCODC THC:SUFSTW 43.037(% © % @ W) [ACE] A&H AllAlive OHC:UUFBFF 0.0(--—---)
113685689(1.1034 * xS % QCDDC THC:UUFSTW SEMANIL & 405 & & [ACE] A&H AllAlive OHC:UUFBFF 2.459(-—--)
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How to show the achlevements made by AI

Summary

of the results

Attention point
for a character

Attention point for
a next character,

A \ \
! \ \l
bid fithess results UHADS 1-1Weapon:Al RolePerformance memo 1-2Weapon:Al RolePerformance
1141404 1.15337 x4 x (Q0CDDC THC.UUASTW 47 655 ¥ ¥ ¥ i) [ACE] A&H AllAlive OHC:UUFUFF 0.0{---—--)
1136519 1.14539 X% x (OCDDC THC:UUFUFF SERENIR & & & & & [ACE] A&H AllAlive OHC:SUBSTW  0.0(—-)
1130954 111714  x %% 2% 0DDDC THC:UUFUFF 40,307 (> Ox © & [ACE] A&H AllAlive OHC:SUFSTW 2.603(-—---)
1130848 111048 **®x S % 0DDDC THC:UUFUFF 7. 339 % & & 2 W) [ACE] A&H AllAlive OHC:SUFSTW 4 959(——)
1127984 110936 * ¥ xS % 0DDDC THC:UUFUFF 38.962( %W @ W () [ACE] A&H AllAlive OHC:SUBSTW  0.0(—-)
1146588 1.10527 **x xS % 0CDDC THC:UUBUFW 42 566 % S #r i) [ACE] A&H OHC:UUFBFF 0.0{-----)
1134594 110517 © %% % 0CDDC THC:SUFSTW 43.031( % @ ¥ 2 %) [ACE] A&H AllAlive OHC:UUFBFF 0.0{--—-)
1136589 1.1034 *xxS%x 0CDDC THC.UUFSTW SEVANIS & 40 & & [ACE] A&H AllAlive OHC:UUFBFF 2.439(-----)
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DIVISION




—— v vqr -:f:_;w TVl D 15 " W" - {. s 2950 2nd P p 4::,‘_,.:. ey oy -,.;v.’.,»\f5 od) . “,-‘W'f""“" T , N R NS 1 lﬁmpw -{m}?'—m‘ﬂ?‘y' Y

Methods used to make information easier to see

1) Dimensionality Reduction
Principal Component Analysis

2) Abstraction

1) Standard deviation
2) Granularity change
3) Summarization
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1) Dimensionality Reduction

Party ID Typel Type2 Type3 «++ sreees woe vee vee see vee ven wen e e e e e e e Type20

u | FATEL. 1 5 <) gl d 1 g 1 1 & 1 1 & d g 1 1 d & g

SAOAA 1, " -~ - -
a"T . ' 8 - “ v | o/ v

»
)

The number of time a specific type of weapon
Is equipped In this party
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FOEP
)

el T

=

;

Party ID Typel Type2 Type3 «++ «+eees wor see see ven v e e wve e win e e vee oen Type20

T 2esa2 1 e e e e 1 ¢ r— ’ ’ z — e e e
32088
272%3
24944 1 1 o @ 2 e
— — - - — — — = — - A I')“ ioens — — —

A9BEB
_ 3208830308 Ciitie é 1 @

1 == 17" 33

& 3a3se 1 @ @ a @ 1 1 1

298e8

a¥aly
o

e 2 s 18 W 34
3 = 19 e 35
- 4 == 20 & 36

e 5 s 2] s 37
6 w22 - 38
-7 == 23 39

21 dimensions to
2 dimensions

-8 == 24 W 40

PC2

O s 25w 4]
s 10 == 26 oo~ 42

- 11 = 27 = 43
o 12 = 28 - 44
s 13 = 20 o= 425
= 14 == 30 == 46

AR TR SRR | o 15 = 31 - 47
23181, aaOe SOBIE . .‘.}%" 24733 o= 16 = 32 e 48

: 9’ 2 ' .7(‘:1

& =

'y e
: N SANEA A
A O s G e o
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Similar

1208830308

o Dt ~\ cluster
} . 29088 =1 == 179 33
‘3, 3a¢ Bk w18 e 34
3% argal ~ -
% Ao - 19 = 35

&= 20 ==~ 36

"= 2] s 37

= 22 = 38

== 23 =8~ 39

B == 24 " 40
25 - 41

10 == 26w~ 42
== 11 = 27 === 43
= 12 == 28 === 44
" 13 = 20 s 45
== 14 == 30 =&~ 46

se 16 == 32 sm= 48

. . 2 '._> 1% “ : ,':.-', '.:;5:‘ 1
Similar T sl . p

ADVANCED
SQUARE ENIX #8mcinoioey ©2019 SQUARE ENIX CO. LTD. All Rights Reserved. 44

@™ DIVISION



2 (¥ 'W',""

g

e

Status

U = gauge to use Ultimate Skill
HADS = HP/Attack/Defense/Speed

UHADS

bid fithess resul Weapon:Al
1141404 115337 S ¥ dww oooUs e UUASTW
1136519 1.14539 S %% v % 0CDDC THC:UUFUFF
1130954 111714 * %% 2% 0DDDC THC.UUFUFF
1130848 111048 * % xS 0DDDC THC.UUFUFF
1127984 110936 ** xS 0DDDC THC.UUFUFF
1146588 1.10527 * %% 2% 0CDDC THC:UUBUFW
1134594 110517 S %% %% O0CDDC THC.SUFSTW
1138589 1.1034 ** xS % 0CDDC THC.UUFSTW
.Lnai_s_ BN AN IO R e b A
@®~DVANCED
SI:IUARI: I:NIX @ ECHNOLOGY
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RolePerformance

47 .655( ¥ ¥ 4 ¥ )
58.244( % % % ¥ o)
40.307(*O* 2 @)
37.339(% % * © &)
38.962(% % © % (D)
42 866(% @ % # %)

43.031(% © % @ *)

39. E‘I?[tt”‘tt}

NI

- GOC

2) Abstractlon - 1) Standard deV|at|on

HP: 74000
Is this high?

memo
[ACE]
[ACE]
[ACE]
[ACE]
[ACE]
[ACE]
[ACE]

[ACE]

©2019 SQUARE ENIX CO., LTD. All Rights Reserved.

A&H AllAlive

A&H AllAlive

A&H AllAlive

A&H AllAlive

A&H AllAlive

A&H

1-2Weapon:Al
OHCUUFUFF

OHC:SUBSTW
OHC.SUFSTW
OHC.SUFSTW
OHC.SUBSTW

OHCUUFBFF

A&H AllAlive OHC:UUFBFF

A&H AllAlive OHC:UUFBFF

ST T T R M«MW“A&L&M?*XM ‘%1

RolePerformance

0.0(-—)
0.0(-—)
5.603(-—)
4.99(——)
0.0(-—)
0.0(-—)
0.0(—)
5.459(—)
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HP: 74000

i

SDUARE ENIX

|

L L LARL 00 DR [P (M
T
LB
\

)
o
-
)
-

—

66,823 — 1 1 i T 1 || >--
1076220
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Status value

results U S ‘I|

2) Abstractlon — 1) Standard deV|at|on

PR Nl g
DG : JARE

HP/Attack/Defense/Speed
74000 / 27000 / 21000 / 1100

Ance

bid fithess

1141404 115337 %% %%% 0CODC TH  pAsTW
1136519 114539 %% %% % 0CDDC MUFF
1130954 111714 k%% jDDE CUUFUFFE
1130848 111048 % % % T% UOODC AC:UUFUFF
1127984 110936 *%%S% 0DDDC  THCUUFUFE
1146588 110527 *%%*@% O0CODC  THC:UUBUFW
1134594 110517 ©% % %% 0CDDC  THC SUESTW
1138589 11034  * %% S% 0CDDC  THCUUFSTW
SI:IUARE ENIX 8%‘E’<‘:"H‘NEEB’GY
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47 655( % % % % ¥
58.244( % % % % %)
10.307(*x Q% 2 @
37.339(% % % @ %)
38.962(% % & % O)
42 866(% © % % *)
43.031(% @ % @ %)

39.217( % % Q% %)

ﬂrm.m*’ bl

- GOC

[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H

[ACE] A&H AllAlive

[ACE] A&H AllAlive

o, AT
1%y RS AT AR
X, A o S
- ,ﬂm‘»ﬁ-‘{ A Rr S
DY Ll

OHCUUFUFF

OHC:SUBSTW

OHC:SUFSTW

OHC SUFSTW

OHC:SUBSTW

OHC:UUFBFF

OHC:UUFBFF

OHC:UUFBFF

RN Al S |
W AOROAA N A S SR Y VIV
A .v.."i.-\‘r.l.j.‘-"'r“, X M¥i o M A
A Y A e e AT AR
.liil%s‘ S T AR B .'-l'
” sy
o l.\\”.\'i‘ld.'.fl.“\" L

0.0(——)
0.0(~—)
5.603(——
4.99(——)
0.0(~—)
0.0(~—)
0.0(——)
5.459(—

o -‘-./' Wl i : Y i3 -" - ’
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' 2) Abstractlon - 2) Granularlty change
Characteristics of the Hero Al

bid fithess results UHADS 1-1We Al RolePerformance memo 1-2Wea FH:IFI Al RolePerformance
1141404 115337 * %k QCODC THCIUUASTW A7 6350( 4 # #r i) [ACE] A&H AllAlive OHC:UUFUFF 0.0(--—--- )
1136519 1.14539 * %% JCODC THCIUUFUFF 20. 244 4w A i) [ACE] A&H AllAlive OHC SUBSTW 0.0(----- )
1130954 111714 *x ¥ o%x 0DDDC THCIUUFUFF 40307 Ox @ @ [ACE] A&H AllAlive OHC SUFSTW 2.603(-—-- )
1130848 111048 * ¥ xS % 0DDDC THCIUUFUFF 7. 339 % A i 2 ) [ACE] A&H AllAlive OHC SUFSTW 4.95(--—- )
1127984 110936 * ¥ o%w 0DDDC THCIUUFUFF J38.962 (% % S W () [ACE] A&H AllAlive OHC SUBSTW 0.0(----- )
1146588 110527 *x xS QCDDC THCIUUBUFW 42 566 % © % ¥ i) [ACE] AS&H OHC:UUFBFF 0.0(-—--- )
1134594 110517 S%w%x%x%x 0CDDOC THCIEUFSTW 43.037(% © % @ W) [ACE] A&H AllAlive OHC UUFBFF 0.0(----- )
1138289 1.1034 * ¥ xS % QCODC THCIUUFSTW SEMANIL & 405 & & [ACE] A&H AllAlive OHC UUFBFF 2.459(-—-- )
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2) Abstractlon — 2) Granularity change

Hero AI Actions:
U : “Ultimate Skill” category F : “Full combo attack” category

11—

~ull combo (melee range)”

11—

~ull combo (close range)”

11—

~ull combo (long range)”

11

Jltimate Skill immediately”

Jltimate Skill (melee range)”
Ultimate Skill (close range)”
Jltimate Skill (long range)” S
Jltimate Skill on the same line”

11

11

11

: “Switch” category
“Switch hero”
“Switch hero and use Switch Skill”

11

And so on.

ADVANCED
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2) Abstractlon - 2) Granularlty change
Characteristics of the Hero Al

bid fithess results UHADS 1-1We Al RolePerformance memao 1-2Wea Pon Al RolePerformance

R TULFLUFF |[47.655(x * %% %)  [ACE] A&H AllAlive OHC:UUFUFF  0.0(—)
These are Slmllar ] 20. 244 A W i) [ACE] A&H AllAlive OHC:SUBSTW 0.0(----- )
1130954 111714 xxxax ooooc \ (MUIFUFF l10307(x0oxee [ACE) A&H AllAlive OHC'SUFSTW  5.603(—-)
1130848 1.11048 *x % S% 0DDDC 37339 A o 2 W) [ACE] A&H AllAlive OHC:SUFSTW 4.99(---—- )
1127984 1.10936 *x % S% 0DDDC 'I'-'”-IF'JFF 38.962 (% 4 S W () [ACE] A&H Allalive OHC:SUBSTW 0.0{----- )
1146588 1.10527 *x w2 QCDDC '. _ 12.566( % © # % i) [ACE] A&H OHC:UUFBFF 0.0(----- )
1134594 110517 S dx % 0CDDC 'ULIFIJFF 13.031( % © W & W) [ACE] A&H AllAlive OHC:UUFBFF 0.0(----- )
1135589 11034 *x % S% 0CDDC THC:UUFSTW SEMalih & 400 & & [ACE] A&H AllAlive OHC:UUFBFF 2.459(----- )

SDUARE ENIX 8%‘E’<‘:’ﬁN%EBGY
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bid

1141404
1136513
1130954
1130848
1127964
1146588
1134594

1138569

N

fithness

1.15337
1.14539
1.11714
1.11048
1.10936
1.10227
1.10517

1.1034

‘m’ﬂ')ﬂ 3

SOUARE ENIX

High priority

results

L

oCDDC

*xxxnx (CODC

* %% 2% 0DDDC
*x % 2% 0DDDC
*x % 2% 0DDDC
*wxxS% OCDDC
S % %% 0CDDC

xS w QCDDC

Al "'. ,'-T:,"' "o v (!
LT Ml
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Al ?":’. v

2) Abstractlon - 2) Granularlty change

Low priority

UUFUFF
UUFUFF
UUFUFF

UUFUFF

THCUUFSTW

.TECHNOLUGY
DIVISION

S L SR TN L Pl

dnce memo
4?.555[*%***} [ACE]
58.244(% * Ak x k)  [ACE]
10307 (* Ok @2 [ACE]
37339« k2 k)  [ACE]
35.962(« @ %)  [ACE]
12 366(k @ xx*)  [ACE]
13.031(*2xe%x) [ACE]
39.217(* *Ox %)  [ACE]

A&H AllAlive

A&H AllAlive

A&H AllAlive

A&H AllAlive

A&H AllAlive

A&H

A&H AllAlive

A&H AllAlive

1-2Weapon:Al

OHC:UUFUFF

OHC:SUBSTW

OHC:SUFSTW

OHC:SUFSTW

OHC:SUBSTW

OHC:UUFBFF

OHCUUFBFF

OHC:UUFBFF

RolePerformance

0.0(—)
0.0(—)
5.603(-—)
4.99(——)
0.0(—)
0.0(—)
0.0(—)
5.459(-—)
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2) Abstractlon . 2) Granularlty change

Express excellence
by the kind of marks

bid [~ fitness| FESLI|tS HADS - 1-1weapon:Al
1141404 115337 % %% %% 0CODC  THC:UUASTW
1136519 114533 %% % %% 0CODC  THC:UUFUFF
I = |
1130954 111 "W W W 2 W | THCUUFUFF
1130848 1.11048 %% ©% 0DDDC  THC:UUFUFF
1127984 1.10936 %% ©% 0DDDC  THC:UUFUFF
1146588 110527 **%©&% 0CODC  THC:UUBUFW
1134594 110517 ©% %% % 0CODC  THC:SUFSTW
1138589 1.1034 % %% ©% 0CODC  THC:UUFSTW
.ADVANCED
SI:IUARE I:NIX & TECHNOLOGY
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RolePerformance
47 .655(% % % % %)
58.244( % % % % %)
10.307(* Ok S
37.339(% % % © %)
38.962(% * © % O)
42 866(% © % % %)
43.031(% © % @ %)

39.217( % % Q% %)

"-rﬁ\,"/"" ' "'éi.‘":": g
Mm el

- GOC

memo

[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H AllAlive
[ACE] A&H
[ACE] A&H AllAlive
[ACE] A&H AllAlive

o, AL
% MM A AL
OB ST R Y el W 1
. .",.gg “m'.ﬂ“;- R oY
OOV Il

©2019 SQUARE ENIX CO., LTD. All Rights Reserved.
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1-2Weapon:Al

OHCUUFUFF

OHC:SUBSTW

OHC:SUFSTW

OHC SUFSTW

OHC:SUBSTW

OHC:UUFBFF

OHC:UUFBFF

OHC:UUFBFF

RolePerformance

0.0(-——)
0.0(-——)
5.603(-—-)
4.99(——)
0.0(-——)
0.0(-——)
0.0(-——)
5.459(-—)
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Enemy type number

Results of battle 1

Results of battle 2
Results of battle ---

Averaged results

Winning rate for the enemy 4 66%
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2) Abstractlon - 3) Summarlzatlon

DIVISION

Hero A Hero B
A A

[ | |
bid 1 RolePerformance = memo 1-2Weapon:Al RolePerformance = memo
11204 | The top damage dealer 47 6AS(dwkdd)  [ACF] A&H AllAlive OHCUUFUFF  0.0(—) DoNotFight

r 1 - .
1136519 & Healer ?5.2 VACES A&H AllAlive oncsusstw 0.0(—) DoNotFight
1130954 Yrrere R T W U T T T T ] JDE-G?II'!'E'!'C: 2 ) [:":'-.':E] A&H AllAalive OHC:SUFSTW 55':'37\_ DDNUIFIQHT.
1130848 111048 %% o% 0DDDC  THCUUFUFF  37.339(x %% 2%) [ACE] A&H AllAlive QHCp—===x = DoNotFight
1127984 1.10936 %% 2% 0DDDC  THCIUUFUFF  38962(wwew()  [ACE] A&H AllAlive OHC: This hero did DoNotFight
1146588 1.10527 %% ©% 0CDDC  THCUUBUFW  42866(% 2% % %) [ACE] A&H QHC not fight AllAlive
1134594 1.10517 @©% % %% 0CDDC  THC:SUFSTW  43.031(xexo%) [ACE] A&H AllAlive OHC:UUFBFF  0.0(-—-) DoNotFight
1138589 1.1034 %% % ©% 0CDDC  THCUUFSTW  39.217(%*O%x %)  [ACE] A&H AllAlive OHC:UUFBFF  5.459(— DoMNotFight
W W ,..&._. . ».A i il s S R i R i
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The best support:disable enemies
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Battle information
G,A - (json) "\

G
(U< |
4 | AUTO
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I — >
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‘,...A— — Result
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o e

/N

Same
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[s “Scheherazade” a balance breaker?

Scheherazade

In this case, yes.
After review by the designers,
It was as planned.

: A

ity e ;) g b
| (Il gt i DB
EAROR 04yt DTS RSP TARNC OU A, ST
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To find other balance breakers

Scheherazade

N -
s » EXxclusion
: ": ,’Q’Q‘-
ol LAY
» LS e
/": ‘. .~ -"

Candidate heroes

Re-execution
of GA

: el s : &, i BT, CANRR A g ' ‘ |n A N YA R AT ;f;.ii:},'-‘_'1.v|,_:.,','._h,,,'.' W s .\:;:&;""‘-‘N’-.:’.-.f?"",.'.' B e S e M _"J o ‘_’:ﬁ ‘ -l'f:’af;;;
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GRECD | 0 L8 Yl e SR 4SS

System configuration for balance adjustment
pesigner

Game development ]\ e
environment ‘

BEDIEEMIE Exccute GA
/

Update
clients

Check the results
and adjust the game

Vo

y | Wob browser | N

AUtO_play 1 I ‘ e et b e e

9

environment

J

Black box from designers

i ..&“\ o R e T o R R T e e R T
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Execute multiple game

ProceSSES on each server

r e Taness  MWME  BHADS 1) "
vz 122021 s camme |
06849 12116 : e
220867 119008 —
C I e I l S @stacked  OSteam  OExpanded ®0%  @a0%  @20% @60 @50 @00 @35 @40
®u0% @ 100% 100D
2
1 25
20
1

| \‘ | | 501 “"". ®, w
LA ‘ ,@, LA °®
H w ,M'MW' i Py 25
zq 3 Ha®
Lk A ahblabad o ‘ el
154500

Web browser

...........................................................
(L1 MO G | e S 1

nnnnn

E EE Store the results
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System conﬂguratlon for balance adJustment

pesigner
- Check the results
ame aeveliopmen d
environment ]\ e and adjust the game
BEEEEEME  exccuteGA
5 4 e o z

U p da te A| ItO—p|ay I \ s e e =
F ase il
: sofl e @.of on T :
| S oo e (“*mtswﬁ‘
a0t L e L
0 b 18 I . ni
156270 170000 180000 190000 200000 210000 222000 B, 0 001040 N0 B

clients environment )
/[ Manager}
_ L server

Fetch tasks
DB ] [ Visualization ]

N~
Store the results

SCIUARE ENIX 8tEé’ﬁN8EBGY
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What about performance?
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1: Separate simulation

A simulator that shows battle results by numeric
calculation

+ Fast execution: about 1 second / 1 battle
- Not the same precision as actual game
- Updating simulator manually

j> This solution was not kept

ADVANCED
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2 Use InNn—game Ioglc
» Connect to the in game logic

+ Guaranteed to be the same as in game
+ Designers can see the results
- SLOW
- COST

j> This Is the current solution

S LB e
N q\" \) .vl-’,‘“;:“.‘:.‘:.‘ '\.;IJ "ot O e A LV ‘l I‘L'"
V N M RN DM O o ,,@ BT Y S| e PR T 1V ¥y
AL by L T A AT I LB e v
NIRRT 0 v 2T REPOTRFANE 0D AR S,

i _.A_ : .Lu x‘ i s L R € 'i“m BE RO ERI - O T Syt i S R O
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5 V’\ylhat could be the best solution?
Use in-game logic
Support accelerated simulation
Run in a cloud
=> These need to be supported by the game code
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" What could we do next?

» Confirm the cyclic balance

Ideal correlation

Current progress
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"~ What could we do next”

» Method for observing growth as a group

Clustering of the abstracted party compositions
Use boxplot to visualize the potential on a group basis

FRtimelflZE (B5FIDFH)
Boxplot

Clustering
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Takeaways

Finding strong agent saves you from the nightmare
For example, by Genetic Algorithm

Data visualization and analysis are essential

Auto-play environment should be accurate and
updated automatically

You should prepare in the early development
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Trademarks

Apache Spark and Apache Zeppelin are trademarks or registered
trademarks of The Apache Software Foundation.

"Amazon Web Services" and "Powered by Amazon Web Services”
logo are trademarks of Amazon.com, Inc. or its affiliates in the
United States and/or other countries.

El?é)gle BigQuery is a trademark or registered trademark of Google

Redash is a trademark or registered trademark of Redash Ltd.

PowerBI is a trademark or registered trademark of Microsoft
Corporation.

Jupyter Notebook is a trademark or registered trademark of
NumFOCUS Foundation.

Rstudio is a trademark or registered trademark of Rstudio, Inc.
All other trademarks are the property of their respective owners.
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Questions?

Slowly, simply, please!
(Seriously)
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