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Bots autonomos em StarCraft Il

Criando uma |A para o jogo usando o ambiente PySC2

Nos ultimos anos, o avanco nas técnicas de Inteligéncia Artificial
reacenderam o interesse na disputa de humanos contra maquinas
em jogos cada vez mais complexos. Em 2019, dois dos melhores
jogadores de StarCraft II foram derrotados por uma IA perdendo
todas as partidas disputadas. |[...]



Bots autonomos em StarCraft Il

Criando uma |A para o jogo usando o ambiente PySC2
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Tic Tac Toe g 103 1952~

Connect 4 42 1013 12pe s

Backgammon 28 1020 1979

Chess 64 1047 1997

Go (19x19) 361 10170 2015
el Sl s N/A 10180 2017
StarCraft Il N/A 101685 77? g

https:/twitter.com/liv_boeree/status/1045025689710268421
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Antes das partidas:

“Se eles ja conseguirem me derrotar,
isso seria incrivel.”




2
3.
4
5

SCORE

ALPHASTAR WINS

ALPHASTAR WINS
ALPHASTAR WINS

TLO 0-5 ALPHASTAR




“AlphaStar pega estratégias bem
conhecidas e vira elas de cabeca pra
baixo. O agente demonstrou
estratégias que eu ndo tinha pensado
antes, o que significa que pode haver
novas maneiras de jogar StarCraft II
que ndo explorei completamente
ainda” [3]
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Antes das partidas:
“Estou esperando um 5-0, sem perder
nenhuma partida, mas eu acho que o

objetivo realista seria 4-1 para mim.”




ALPHASTAR WINS

m s~ LN

ALPHASTAR WINS

. SCORE MANA O0-5 ALPHASTAR
' GRZEGORZ 'MANA' KOMINCZ
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“Eu percebi o quanto meu gameplay
depende de forcar erros e ser capaz de
explorar reacées humanas, entdo isso

[as partidas contra AlphaStar]
colocou o jogo sob uma luz totalmente
nova para mim. Estamos todos muito

animados para ver o que vem a

seguir” s

GRZEGORZ 'MANA' KOMINCZ ,

Il'l\l:’lﬁﬂtl'
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DeepMind’'s AlphaStar Al wins 10-1 against
professmnol STorCrof’r Il players
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AlphaStar Al goes 10-1 against human pros in demonstration

DeepMmd AI AlphaStar goes 10-1
against top 'StarCraft II' pros

The Al beat 'StarCraft' pros TLO and MaNa thanks to more than 200 years worth of
game knowledge.
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Playing Atari with Deep Reinforcement Learning

Volodymyr Mnih  Koray Kavukcuoglu  David Silver  Alex Graves loannis Antonoglou
Daan Wierstra  Martin Riedmiller
DeepMind Technologies

{v'.ad,I-ccray,david,a;ex.qraves,ioannis,daan,mar:in.riedmiller} # deepmind.com

Abstract

We present the first deep learning model to successfully learn control policies di-
rectly from high-dimensional sensory input using reinforcement learning. The
model is a convolutional neural network, trained with a variant of Q-learning,
whose input is raw pixels and whose output is a value function estimating future
rewards. We apply our method to seven Atari 2600 games from the Arcade Learn-
ing Environment, with no adjustment of the architecture or learning algorithm. We
find that it outperforms all previous approaches on six of the games and surpasses
a human expert on three of them.



https://youtu.be/TmPfTpjtdgg


http://www.youtube.com/watch?v=TmPfTpjtdgg
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doi:10.1038/nature14236

Human-level control through deep reinforcement

learning

Volodymyr Mnih'*, Koray Kavukcuoglu'*, David Silver'*, Andrei A. Rusu’, Joel Veness', Marc G. Bellemare', Alex Graves',
Martin Riedmiller', Andreas K. Fidjeland', Georg Ostrovski', Stig Petersen', Charles Beattie', Amir Sadik', loannis Antonoglou’,
Helen King', Dharshan Kumaran', Daan Wierstra', Shane Legg' & Demis Hassabis'

The theory of reinforcement learning provides a normative account’,
deeply rooted in psychological® and neuroscientific* perspectives on
animal behaviour, of how agents may optimize their control of an
environment. To use reinforcement learning successfully in situations
approaching real-world complexity, however, agents are confronted
with a difficult task: they must derive efficient representations of the
environment from high-dimensional sensory inputs, and use these
to generalize past experience to new situations. Remarkably, humans
and other animals seem to solve this problem through a harmonious
combination of reinforcement learning and hierarchical sensory pro-
cessing systems™”, the former evidenced by a wealth of neural data
revealing notable parallels between the phasic signals emitted by dopa-
minergic neurons and temporal difference reinforcement learning
algorithms’. While reinforcement learning agents have achieved some
successes in a variety of domains®*, their applicability has previously
been limited to domains in which useful features can be handcrafted,
or to domains with fully observed, low-dimensional state spaces.
Here we use recent advances in training deep neural networks” "' to

agent is to select actions in a fashion that maximizes cumulative future
reward. More formally, we use a deep convolutional neural network to
approximate the optimal action-value function

Q'(s.a)= m;ax]E[r, +Presr P resat ... |s;=s, a;=a, n'

which is the maximum sum of rewards r, discounted by y at each time-
step t, achievable by a behaviour policy n = P(als), after making an
observation (s) and taking an action (a) (see Methods)".
Reinforcement learning is known to be unstable or even to diverge
when a nonlinear function approximator such as a neural network is
used to represent the action-value (also known as Q) function™. This
instability has several causes: the correlations present in the sequence
of observations, the fact that small updates to Q may significantly change
the policy and therefore change the data distribution, and the correlations
between the action-values (Q) and the target values r +y max Q(¢, a’).
We address these instabilities with a novel variant of Q-Iea';ning. which
uses two key ideas. First, we used a biologically inspired mechanism

taremad avnarianca vanlac?l-23 that sandamizas avae tha data thavahas
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Article

Grandmaster level in StarCraft Il using
multi-agent reinforcementlearning

https://doi.org/10.1038/s41586-019-1724-z
Received: 30 August 2019
Accepted: 10 October 2019

Published online: 30 October 2019

Oriol Vinyals'**, Igor Babuschkin'®, Wojciech M. Czarnecki'?, Michaél Mathieu'?,

Andrew Dudzik'?, Junyoung Chung'?, David H. Choi'?, Richard Powell'?, Timo Ewalds'?,
Petko Georgiev'?, Junhyuk Oh'?, Dan Horgan'?, Manuel Kroiss'?, Ivo Danihelka'?,

Aja Huang™?, Laurent Sifre'?, Trevor Cai'?, John P. Agapiou'?, Max Jaderberg’,

Alexander S. Vezhnevets', Rémi Leblond', Tobias Pohlen', Valentin Dalibard’, David Budden’',
Yury Sulsky', James Molloy', Tom L. Paine', Caglar Gulcehre', Ziyu Wang', Tobias Pfaff',
Yuhuai Wu', Roman Ring', Dani Yogatama', Dario Wiinsch?, Katrina McKinney', Oliver Smith',
Tom Schaul', Timothy Lillicrap', Koray Kavukcuoglu', Demis Hassabis', Chris Apps'® &

David Silver'**

Many real-world applications require artificial agents to compete and coordinate
with other agents in complex environments. As a stepping stone to this goal, the
domain of StarCraft has emerged as animportant challenge for artificial intelligence
research, owing to its iconic and enduring status among the most difficult
professional esports and its relevance to the real world in terms of its raw complexity
and multi-agent challenges. Over the course of adecade and numerous
competitions' , the strongest agents have simplified important aspects of the game,
utilized superhuman capabilities, or employed hand-crafted sub-systems®. Despite
these advantages, no previous agent has come close to matching the overall skill of
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CLARIFICATION (29/01/19): TLO’'S APM APPEARS HIGHER THAN BOTH ALPHASTAR AND MANA BECAUSE OF HIS USE
OF RAPID-FIRE HOT-KEYS AND USE OF THE “REMOVE AND ADD TO CONTROL GROUP” KEY BINDINGS. ALSO NOTE
THAT ALPHASTAR'S EFFECTIVE APM BURSTS ARE SOMETIMES HIGHER THAN BOTH PLAYERS.
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AlphaStar Al goes 10-1 against human pros in demonstration

DeepMmd AI AlphaStar goes 10-1
against top 'StarCraft II' pros

The Al beat 'StarCraft' pros TLO and MaNa thanks to more than 200 years worth of
game knowledge.
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“Foi animador ver o agente desenvolver
suas proprias estratégias de maneira
diferente dos jogadores humanos [...]. Os
limites nas acgoes que o agente pode
executar e a restricdo na visdo da camera
agora tornam as partidas convincentes -
embora, como um profissional, eu ainda
possa visualizar algumas das fraquezas
do sistema”

- GRZEGORZ 'MANA' KOMINCZ ,
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DeepMind and Blizzard open StarCraft Il as an Al research environment

DeepMind and
Blizzard open
StarCraft II as an
Al research
environment

DeepMind's scientific mission is to push the boundaries of Al by developing systems that can learn to solve
complex problems. To do this, we design agents and test their ability in a wide range of environments from

the purpose-built DeepMind Lab to established games, such as Atari and Go.

Testing our agents in games that are not specifically designed for Al research, and where humans play well, is

crucial to benchmark agent performance. That is why we, along with our partner Blizzard Entertainment, are
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StarCraft II: A New Challenge for
Reinforcement Learning

Oriol Vinyals  Timo Ewalds  Sergey Bartunov  Petko Georgiev
Alexander Sasha Vezhnevets  Michelle Yeo  Alireza Makhzani  Heinrich Kiittler
John Agapiou  Julian Schrittwieser  Stephen Gaffney  Stig Petersen
Karen Simonyan  Tom Schaul  Hado van Hasselt  David Silver  Timothy Lillicrap
DeepMind

Kevin Calderone  Paul Keet  Anthony Brunasso  David Lawrence
Anders Ekermo  Jacob Repp  Rodney Tsing
Blizzard

Abstract

This paper introduces SC2LE (StarCraft II Learning Environment), a reinforce-
ment learning environment based on the StarCraft II game. This domain poses a
new grand challenge for reinforcement learning, representing a more challenging
class of problems than considered in most prior work. It is a multi-agent problem
with multiple players interacting: there is imperfect information due to a partially
observed map: it has a large action space involving the selection and control of
hundreds of units; it has a large state space that must be observed solely from
raw input feature planes: and it has delayed credit assignment requiring long-term

ctrateaiec nver thancande nf ctorne We decrribe the nhearvatian artinn and reward



select rect (pl, p2) or build supply(p3) or ..

oyl
SC2LE i~

StarCraft Il API O0O0O
Agent
resources
available actions -1/0/+1
build queue
Non-spatial Screen Minimap Rowar
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E README.md Simplify from source installation example.

[E) setup.py Bump the version to 3.0.0 for a public release. 2 mo

README.md

PySC2 - StarCraft Il Learning Environment

PySC2 is DeepMind's Python component of the StarCraft Il Learning Environment (SC2LE). It exposes Blizzard Entertainment's
StarCraft Il Machine Learning APl as a Python RL Environment. This is a collaboration between DeepMind and Blizzard to
develop StarCraft Il into a rich environment for RL research. PySC2 provides an interface for RL agents to interact with

StarCraft 2, getting observations and sending actions.

We have published an accompanying blogpost and paper, which outlines our motivation for using StarCraft Il for DeepRL

Y

research, and some initial research results using the environment.

About
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Human Actions

Agent Actions

Available Actions
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http://www.youtube.com/watch?v=WEOzide5XFc




Copyright

Todos os links, imagens, gifs e videos retirados de sites, blogs e/ou papers do DeepMind, sdo
de propriedade do DeepMind e foram utilizados com autorizacao.

StarCraft®

©1998 Blizzard Entertainment, Inc. All rights reserved. StarCraft and Blizzard Entertainment
are trademarks or registered trademarks of Blizzard Entertainment, Inc. in the U.S. and/or
other countries.

StarCraft® Il: Wings of Liberty®

©2010 Blizzard Entertainment, Inc. All rights reserved. Wings of Liberty is a trademark, and
StarCraft and Blizzard Entertainment are trademarks or registered trademarks of Blizzard
Entertainment, Inc. in the U.S. and/or other countries.

StarCraft® |I: Heart of the Swarm®

©2013 Blizzard Entertainment, Inc. All rights reserved. Heart of the Swarm and StarCraft are
trademarks or registered trademarks of Blizzard Entertainment, Inc. in the U.S. and/or other
countries.
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