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oogie DeepMind AlphaGo

Challenge Match
8 - 15 March 2016
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» Swiechowski, Maciej, Tomasz Tajmajer, and Andrzej Janusz. “Improving Hearthstone Al
by Combining MCTS and Supervised Learning Algorithms.” 2018 IEEE Conference on
Computational Intelligence and Games (CIG). IEEE, 2018.

 Zhang, Shuyi, and Michael Buro. "Improving hearthstone Al by learning high-level rollout
policies and bucketing chance node events.” 2017 IEEE Conference on
Computational Intelligence and Games (CIG). IEEE, 2017.

» Kachalsky, llya, llya Zakirzyanov, and Vladimir Ulyantsev. "Applying reinforcement learning
and supervised learning techniques to play Hearthstone.” 2017 16th IEEE International

Conference on Machine Learning and Applications (ICMLA). IEEE, 2017.
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Game

Player

Field Hero Hand Graveyanrd

Minion HeroPower Entity Entity
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Entity* Entity::GetFromCard(Player& player, Card&& card) {
Entity* result;
switch (card.GetCardType()) {
case CardType: :HERO:
result = new Hero(player, card); break;
case CardType::HERO POWER:
result = new HeroPower(player, card); break;
case CardType: :MINION:
result = new Minion(player, card); break;
case CardType: :SPELL:
result = new Spell(player, card); break;
case CardType: :WEAPON:
result = new Weapon(player, card); break;

¥

// Set entity ID
result->id = player.GetGame()->GetNextID();
return result;
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HearthstoneJSON

* https://hearthstonejson.com/
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"id": "EX1 116",
"name"”: "Leeroy Jenkins",
"text": "Charge. Battlecry: Summon two 1/1 Whelps for your opponent.”,
"attack": 6,
"cardClass": "NEUTRAL",
"collectible": true,
"cost": 5,
"elite": true,
"faction": "ALLIANCE",
"health": 2,
"mechanics": [
"BATTLECRY",
"CHARGE"

1,
"rarity": "LEGENDARY",

"set": "EXPERT1",
"type": "MINION"




"attack": 6,

"cardClass": "NEUTRAL",
"collectible": true,
"elite": true,
"faction": "ALLIANCE",
"mechanics": [
"BATTLECRY",
"CHARGE™

"rarity"”: "LEGENDARY",
"set": "EXPERT1",
"type": "MINION"

"text": "Charge. Battlecry: Summon two 1/1 Whelps for your opponent.”,




json

» https://github.com/nlohmann/json
» HHE C++3Z 2[ek JSON I 2fo[E 2L
» AtEol7| 21l of| T W otLt2 =7151H £

include <nlohmann/json.hpp>

// for convenilence
using json = nlohmann::json;



// Read card data from JSON file

std::ifstream cardFile(RESOURCES DIR "cards.json");
nlohmann::json j;

cardFile >> 7j;

cards.reserve(j.size());
for (auto& cardData : j)

!
const std::string name =|cardDatal"name"].is null()

? 1 n
: |cardData[ "name" ] .get<std::string>();

const std::string text = cardData["text"].is null()
? i

. cardData[ "text"].get<std::string>();
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python-hearthstone

* https://github.com/HearthSim/python-hearthstone

* 7t= O|O[H0[A Ar&ot= TRt 274l EFR0] S =0 UG

class Rarity(IntEnum):
i n TAG_RARITY" 1 1

INVALID = ©
COMMON = 1

FREE 2
RARE 3
EPIC = 4
LEGENDARY = 5



better-enums

» https://github.com/aantron/better-enums
» TAE « /4| Hets A Hot= 210 E g

L =

include <iostream>
include "enum.h"

BETTER _ENUM(Word, int, Hello, World)

int main() {
std::cout << (+Word::Hello). to string() << ", "
<< (+Word::World). to string() << "!" << std::endl;



const Rarity rarity =
cardData[ "rarity"].is null()
? +Rarity: :FREE
: [Rarity:: from string(
cardDatal "rarity"].get<std::string>().c _str());
const Faction faction =
cardData[ "faction"].is null()
? +Faction: :NEUTRAL
: |[Faction:: from string(
cardData[ "faction"].get<std::string>().c _str());
const CardSet cardSet =
cardDatal "set"].is null()
? +CardSet: :NONE
: |CardSet:: from string(

cardData[ "set"].get<std::string>().c_str());




better-enums2| 4|4

» B/HA| GameTage StALAE A|Y2} 2HAZ CHYel O|O|B & A{Z-ILILC.
21201 H OOz} Of2|El, S S 20 Y& HAFHICY,

+ Z[MEYHS T|IEOE Z 45572 AIY EH T R 7t USLICH.

» A= better-enums 2(0[E2{2|7} Oj32 2 7[8F {13iA]|2t= B /LI
» O3 Z2O0|A AR 7HSSE Q14=/0071 H2| 7H =0l = A|2tO| LS LILCY.
(C++ EZ: 25674, Visual C++ ZIYa] : 12774)
. [CFEFA SAHA| GameTag._ better-enums& ALEe &= QlSLICE

- [HE YRO| §iE7te

https://docs.microsoft.com/en-us/cpp/cpp/compiler-limits? view=vs-2017
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X (APPLE)
X (BANANA)
X (ORANGE )
X (MANGO)

X (GRAPE)
X(PEAR)

[¥= RFSLICE (O : Fruit.def)

= =
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+ 3. EHAIR— A2 HiEE Y E o W2 = ThaLLh.
4. 2HAILL ZANE B E = Lt £0] AU RILL.
enum class Fruilt const std::string FRUIT_STR[] = {
{ define X(a) #a,
define X(a) a, include "Fruit.def"
include "Fruit.def” undeft X
undef X }s;

}s



StrToEnumZf EnumToStr= A9

template <class T>

T StrToEnum(std::string view);
template <class T>

std::string view EnumToStr(T);



X Macro2t g1 B=S5 S+et= sl &o1/|

. 6.4 HIZEI E431E 93t I3 22 HO|HL|CE

define STRZENUM(TYPE, ARRAY))
template <>
inline TYPE StrToEnum<TYPE>(std::string view str) {
for (int 1 = ©0; 1 < (sizeof(ARRAY) / sizeof(ARRAY[O])); ++i)
if (ARRAY[i] == str)
return TYPE(i);

return TYPE(O);

~ = = - = - =



Bt EiZE E4512 95t 1225 HolFHLCt

define ENUMZSTR(TYPE, ARRAY )
template <>
inline std::string view EnumToStr<TYPE>(TYPE v) {
return ARRAY[static cast<int>(v)];

}

define ENUM AND STR(TYPE, ARRAY) \
STR2ENUM(TYPE, ARRAY) \
ENUM2STR(TYPE, ARRAY)

~ = =



X Macro&} ek

« 7.ENUM _AND_STRIOjAZEE A}
ENUM AND STR(Fruit, FRUIT STR)
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int main()

{
Fruit fruit = StrToEnum<Fruit>("MANGO");
std::cout << EnumToStr(fruit) << std::endl;

fruit = Frult::APPLE;
std::cout << EnumToStr(fruit) << std::endl;
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"id": "EX1 116",
"name"”: "Leeroy Jenkins",
"text": "Charge. Battlecry: Summon two 1/1 Whelps for your opponent.”,
"attack": 6,
"cardClass": "NEUTRAL",
"collectible": true,
"cost": 5,
"elite": true,
"faction": "ALLIANCE",
"health": 2,
"mechanics": [
"BATTLECRY",
"CHARGE"

1,
"rarity": "LEGENDARY",

"set": "EXPERT1",
"type": "MINION"
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« Latent Predictor Networks for Code Generation (2016)

l X 'L X vX g l Xaz X Xz X X X l X X X ! X X X L]
[8] [6] [6 |[Tirion Fordring | [ Divide Shield . Taunt ,Deathrattle Equip a 5 3  Ashbringer , |
ST TERSIET TNSTT OSSN JTTSSSTY JSSCOSSII SUISUYIST JUPPUY ZRENUE. NSO JUICUSE ATISSSSRIYY TRRNU JUIE 7 TP TR 7
[C O] [COlC O] ||:j|cr:>| |D|DI [e]e] §o]e) | e]e]| @le] @le]|[eIe] BN @le] § #1e] O]
\ Select Predictor . || !copyFromName |
LinonLordrine E y 0.02 | Copy Attack E : * E D.07 | aenerate “a” :
: 0.03 | Copy Health ' I = ' : 0.03 |generate “b"
' g —={ 0.05 | Copy Cost : ; ole E .| 0.95 | Copy “Tinon™ - E 0.03 | generate “c” :
[ = i = =™ C “F, w [ - - i
: 0.04 | Copy Desc E ! @« : : 3 0.09 | generate “e™ |
: 0.20 | Generate Character ; ; : I
e S g i
Copy From Attack E EI
Copy From Health _ E .El
Copy From Cost - s
Copy From Name Pl Tirion | Fordring | :

¢ From

Generata C

1] 0] 10 [0 10 L3 400 J0 {0 Jo [n) [ {0 Jo) {1 J8) 0 1) dn) Jal L) L 81 L) 60 L 8]
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class MadderBomber(MinionCard): BLEU = 100.0
def __init__ (self):
super().__init__("Madder Bomber", 5,
CHARACTER_CLASS.ALL, CARD_RARITY.RARE,
battiecry=Battlecry(Damage(1),
CharacterSelector(players=BothPlayer(),

picker= RandomPicker(6))))

def create_minion(self, player):§
return Minion(5, 4)§

class Preparation(SpellCard): BLEU =64.2
def __init__(self):
super().__init__("Preparation”, 0,
CHARACTER_CLASS.ROGUE, CARD_RARITY.EPIC,

target_func=hearthbreaker.targeting.find_minion_spell_target)

def use(self, player, game):
super().use(player, game)
self.targ Et_ﬂhange_anack{fj}“

player.add_aura(AuraUntil(ManaChange(-3),
CardSelector(condition=IsSpell()), SpellCast()))

https://arxiv.org/pdf/1603.06744.pdf
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Ef 23S TH=7| RloiM= HA 22 SeiA ITaskS < Z0[0F gL LY.
2|10 &4 7Hak eb GetTaskID ()2 Impl ()= F+Sis{OF SHL|CY.
GetTaskID() : EjAT IDE HISlet= Gk
Impl() : EjAT 2AIS FLoi5t= af
Tolet EjA3 = Run() BE= RunMulti() &S 250 2d2 + USLIH.
Run() : StL2| Ef AT S &l6t

[
RunMulti() : 02 EfAIE H=
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¢ ITask SclA

class ITask

{
public:

TaskStatus Run(Player& player);

virtual TaskID GetTaskID() const

9;

private:

virtual TaskStatus Impl(Player& player) = 0;
}s
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* Run(), RunMulti() gk

inline TaskStatus Run(Player& player, ITask&& task) {
return task.Run(player);

}

template <typename... TaskType>
std::vector<TaskStatus> RunMulti(Player& player, TaskType&&... task) {
std: :vector<TaskStatus> metas;
metas.reserve(sizeof...(task));
(..., metas.push back(task.Run(player)));
return metas;
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e Gain5Armor — ArmorTask

 Drawacard — DrawTask
» ArmorTask= YO ES GO =& AQUA| A|ELILCE




e ArmorTask Ze{A : HIH & 2I=SH| LY

class ArmorTask : public ITask {
public:
explicit ArmorTask(int amount);

TaskID GetTaskID() const override;

private:
TaskStatus Impl(Player& player) override;

int m_amount = 0O;

}s
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ArmorTask: :ArmorTask(int amount) : m_amount(amount) { }

TaskID ArmorTask::GetTaskID() const {
return TaskID::ARMOR; void Hero::GainArmor(int amount) {

} SetArmor (GetArmor() + amount);
}

TaskStatus ArmorTask::Impl(Player& player) {

player.GetHero()->GainArmor(m amount);

return TaskStatus::COMPLETE;
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DrawTask Sc{A : FIEE E 2 2o |},

class DrawTask : public Itask {
public:
explicit DrawTask(int amount);

TaskID GetTaskID() const override;

private:
TaskStatus Impl(Player& player) override;

int m_amount = 0O;

}s
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 DrawTask 2¢jA : FIEES EEZtL|LCY,

DrawTask: :DrawTask(int amount) : m amount(amount) { }

TaskID DrawTask: :GetTaskID() const {
return TaskID: :DRAW;

¥

TaskStatus DrawTask::Impl(Player& player) {
for (i1nt 1 = 0; 1 < m amount; ++1

Generic::Draw(player, nullptr);
return TaskStatus::COMPLETE;



Entity* Draw(Player& player, Entity* cardToDraw) {
if (player.GetDeck().IsEmpty()) {
int fatigueDamage =
player.GetHero()->fatigue == @ ? 1 : player.GetHero()->fatigue + 1;
player.GetHero()->TakeDamage(*player.GetHero(), fatigueDamage);
return nullptr;

}

Entity* topCard = player.GetDeck().GetTopCard();
if (topCard == nullptr) {
return nullptr;

}
Entity* entity = &player.GetDeck().RemoveCard(*topCard);

: . void AddCardToHand(Player& player, Entity* entity) {
AddCa r‘dTngndfplayer‘, entity); if (player.GetHand().IsFull())
return entity; {

} player.GetGraveyard().AddCard(*entity);
return;

}

player.GetHand() .AddCard(*entity);




F A e SPELL - WARRIOR
// [EX1 606] Shield Block - COST:3

// - Faction: Neutral, Set: Core, Rarity: Free

A e R EEEPE
// Text: Gain 5 Armor.

// Draw a canrd.

A e R EEEPE
power.ClearData();

power .AddPowerTask(new ArmorTask(5));

power .AddPowerTask(new DrawTask(1l));
cards.emplace("EX1 606", power);
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TEST(CoreCardsGen, EX1 606) {
GameConfig config;
config.playerlClass = CardClass: :WARRIOR;
config.player2Class = CardClass: :WARLOCK;
config.startPlayer = PlayerType::PLAYER1;
config.doFillDecks = true;
config.autoRun = false;

Game game(config);
game.StartGame() ;
game.ProcessUntil(Step: :MAIN START);




/IE SA HAE

- 7t U 22|17 SA HIAE

Player& curPlayer = game.GetCurrentPlayer();

Player& opPlayer = game.GetCurrentPlayer().GetOpponent();
curPlayer.maximumMana = curPlayer.currentMana = 10;
opPlayer.maximumMana = opPlayer.currentMana = 10;

const auto cardl = Generic::DrawCard(
curPlayer, Cards::GetInstance().FindCardByName("Shield Block"));
Task: :Run(curPlayer, PlayCardTask::Spell(curPlayer, cardl));
EXPECT _EQ(curPlayer.GetHand() .GetNumOfCards(), 5u);
EXPECT _EQ(curPlayer.GetHero()->GetArmor(), 5);
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}s

"artist": "Lucas Graciano",
"cardClass": "PALADIN",
"collectible": true,
"cost": 4,
"dbfId": 943,
"howToEarn": "Unlocked at Level 10.",
"howToEarnGolden": "Unlocked at Level 49.",
"id": "CS2 092",
"name"”: "Blessing of Kings",
"playRequirements”: {

"REQ MINION TARGET": 0,

"REQ TARGET TO PLAY": ©

s
"rarity"”: "FREE",

"set"”: "CORE",
"text": "Give a minion +4/+4. <i>(+4 Attack/+4 Health)</i>",
lltxpe": IISPELLII




}s

"cardClass"”: "PALADIN",
"dbfId": 803,

"id": "CS2 092e",

"name"”: "Blessing of Kings",
"set”: "CORE",

"text": "+4/+4.",

"type": "ENCHANTMENT"
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[/ —mmmm e SPELL - PALADIN
// [CS2 092] Blessing of Kings - COST:4

// - Faction: Neutral, Set: Core, Rarity: Free

/] =
// Text: Give a minion +4/+4. <i>(+4 Attack/+4 Health)</i>

/] = e
// PlayReq: REQ TARGET_TO PLAY = O, REQ_MINION_TARGET = ©

/] e e e e

power.ClearData();
power .AddPowerTask(new AddEnchantmentTask("CS2 092e", EntityType::TARGET));
cards.emplace("CS2 092", power);



TaskStatus AddEnchantmentTask::Impl(Player& player) {
Card enchantmentCard = Cards::FindCardByID(m cardID);
if (enchantmentCard.id.empty())

return TaskStatus::STOP;

auto entities = IncludeTask::GetEntities(m entityType, player, m source, m target);
Power power = Cards::FindCardByID(m _cardID).power;

for (auto& entity : entities) {
const auto enchantment =
Enchantment: :GetInstance(player, enchantmentCard, entity);

if (power.GetAura().has value())
power.GetAura().value().Activate(*enchantment);

if (power.GetTrigger().has_value())
power.GetTrigger().value().Activate(*enchantment);

if (power.GetEnchant().has value()) {
const auto taskStack = player.GetGame()->taskStack;
power.GetEnchant().value().ActivateTo(entity, taskStack.num, taskStack.numl);

}

void Enchant::ActivateTo(Character* character) {
return TaskStatus::COMPLETE; for (auto& effect : effects)

} effect.Apply(character);




[/ === ENCHANTMENT - PALADIN
// [CS2 092e] Blessing of Kings (*) - COST:©
// - Set: Core

/] e e e e

power.ClearData();
power.AddEnchant(Enchants: :GetEnchantFromText("CS2_092e"));
cards.emplace("CS2 092e", power);



Enchant Enchants::GetEnchantFromText(const std::string& cardID) {
std: :vector<Effect> effects;
bool 1sOneTurn = false;

static std::regex attackHealthRegex("\\+([[:digit:]]+)/\\+([[:digit:]]+)");

static std::regex attackRegex("\\+([[:digit:]]+) Attack");
static std::regex healthRegex("\\+([[:digit:]]+) Health");

const std::string text = Cards::FindCardByID(cardID).text;
std::smatch values;

if (std::regex_search(text, values, attackHealthRegex)) {
effects.emplace back(Effects::AttackN(std::stoi(values[1].str())));
effects.emplace back(Effects::HealthN(std::stoi(values[2].str())));

}

else if (std::regex search(text, values, attackRegex)) {
effects.emplace back(Effects::AttackN(std::stoi(values[1l].str())));

}

else if (std::regex search(text, values, healthRegex)) {
effects.emplace back(Effects::HealthN(std::stoi(values[1].str())));

}

return Enchant(effects, false, isOneTurn);
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e AddAuras &o

[/ === oo MINION - NEUTRAL
// [CS2_222] Stormwind Champion - COST:7 [ATK:6/HP:6]
// - Faction: Alliance, Set: Core, Rarity: Free

/] e e e e e

// Text: Your other minions have +1/+1.
e

// GameTag:

// - AURA =1

[/ mm e
power.ClearData();

power.AddAura(Aura("CS2 2220", AuraType::FIELD EXCEPT SOURCE));
cards.emplace("CS2 222", power);



void PlayMinion(Player& player, Minion* minion, Character* target, int fieldPos) {
// Add minion to battlefield
player.GetField().AddMinion(*minion, fieldPos);

// Apply card mechanics tags
for (const auto tags : minion->card.gameTags)
minion->SetGameTag(tags.first, tags.second);

// Process power tasks
for (auto& powerTask : minion->card.power.GetPowerTask()) {

if (powerTask == nullptr)
continue;

powerTask->SetSource(minion);
powerTask->SetTarget(target);
powerTask->Run(player);

¥

player.GetGame()->ProcessDestroyAndUpdateAura();



void Battlefield::AddMinion(Minion& minion, std::size t pos) {
m _minions.at(pos) = &minion;
++m_numMinion;

if (minion.GetGameTag(GameTag: :CHARGE) != 1)
minion.SetExhausted(true);

for (auto& aura : auras)
aura->SetToBeUpdated(true);

minion.orderOfPlay = minion.owner->GetGame()->GetNextOOP();

ActivateAura(minion);

} void Battlefield: :ActivateAura(Minion& minion) {
if (minion.card.power.GetTrigger().has value())
minion.card.power.GetTrigger().value().Activate(minion);

if (minion.card.power.GetAura().has value
minion.card.power.GetAura().value().Activate(minion);




void Aura::Activate(Entity& owner) {
if (m_effects.empty())
{
Card card = Cards::FindCardByID(m enchantmentID);
m effects = card.power.GetEnchant().value().effects;

}

Aura* instance = new Aura(*this, owner);

owner.owner->GetGame()->auras.emplace back(instance);
owner.onGoingEffect = instance;

instance->AddToField();

} void Aura::AddToField() {
switch (m_type) {
case AuraTlype: :ADJACENT:
case AuraTlype::FIELD EXCEPT_ SOURCE:

m_owner->owner->GetField().auras.emplace back(this);
break;




void PlayMinion(Player& player, Minion* minion, Character* target, int fieldPos) {
// Add minion to battlefield
player.GetField().AddMinion(*minion, fieldPos);

// Apply card mechanics tags
for (const auto tags : minion->card.gameTags)
minion->SetGameTag(tags.first, tags.second);

// Process power tasks
for (auto& powerTask : minion->card.power.GetPowerTask()) {

if (poweroaSk == nUIlptr) void Game: :ProcessDestroyAndUpdateAura() {
contlnue; UpdateAura();

powerTask->SetSource(minion); // Destroy weapons
// Destroy minions

power‘TaSk'>SEtTanet(target)3 // Process deathrattle tasks

powerTask->Run(player);
} UpdateAura();

player.GetGame()->ProcessDestroyAndUpdateAura();




void Battlefield: :RemoveMinion(Minion& minion) {
RemoveAura(minion);

if (minion.activatedTrigger != nullptr)
minion.activatedTrigger->Remove();

for (auto& aura : auras)
aura->SetToBeUpdated(true);

. void Aura::RemoveEntity(Entity& entity) {
for (auto& aura : auras) f (gentit )
. o o . 1 entlity == m_owner
aura->RemoveEntity(minion); Remove ();

} else

{
if (m_entities.empty())
return;

const auto iter = std::find(

m _entities.cbegin(), m entities.cend(), &entity);
if (iter != m _entities.end())

m _entities.erase(iter);
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[/ === MINION - PRIEST
// [CS2_235] Northshire Cleric - COST:1 [ATK:1/HP:3]

// - Set: Core, Rarity: Free

/] e o

// Text: Whenever a minion 1s healed, draw a card.
i
power.ClearData();

power.AddTrigger(Trigger(TriggerType: :HEAL));
power.GetTrigger().value().triggerSource = TriggerSource::ALL MINIONS;
power.GetTrigger().value().singleTask = new DrawTask(1l);
cards.emplace("CS2 235", power);

=, 2rs 2 S=oHO0F 2fLL.



void Battlefield::AddMinion(Minion& minion, std::size t pos) {
m _minions.at(pos) = &minion;
++m_numMinion;

if (minion.GetGameTag(GameTag: :CHARGE) != 1)
minion.SetExhausted(true);

for (auto& aura : auras)
aura->SetToBeUpdated(true);

minion.orderOfPlay = minion.owner->GetGame()->GetNextOOP();

ActivateAura(minion);
} void Battlefield: :ActivateAura(Minion& minion) {

if (minion.card.power.GetAura().has value())
minion.card.power.GetAura().value().Activate(minion);




void Trigger::Activate(Entity& source) {
Trigger* instance = new Trigger(*this, source);
Game* game = source.owner->GetGame();

source.activatedTrigger = instance;

switch (m_triggerType) {
case TriggerType: :HEAL:
game->triggerManager.healTrigger =
std::bind(&Trigger: :Process, instance, std::placeholders:: 1,
std::placeholders:: 2);
break;
case TriggerType: :ATTACK:
game->triggerManager.attackTrigger =
std::bind(&Trigger: :Process, instance, std::placeholders:: 1,
std::placeholders:: 2);
break;



. TriggerManagerS 5ol E2|715 SE51H S A|7|0] LA A

class TriggerManager A
public:

s

vold
vold
vold
vold

std:
std:
std:
std:

OnStartTurnTrigger(Player* player, Entity* sender);
OnEndTurnTrigger(Player* player, Entity* sender);
OnHealTrigger(Player* player, Entity* sender);
OnAttackTrigger(Player* player, Entity* sender);

:function<void(Player*, Entity*)> startTurnTrigger;
:function<void(Player*, Entity*)> endTurnTrigger;
:function<void(Player*, Entity*)> healTrigger;
:function<void(Player*, Entity*)> attackTrigger;



void Trigger::Activate(Entity& source) {
Trigger* instance = new Trigger(*this, source);
Game* game = source.owner->GetGame();

source.activatedTrigger = instance;

switch (m_triggerType) {
case TriggerType: :HEAL:
game->triggerManager.healTrigger =
std::bind(&Trigger: :Process, instance, std::placeholders:: 1,
std::placeholders:: 2);
break;
case TriggerType: :ATTACK:
game->triggerManager.attackTrigger =
std::bind(&Trigger: :Process, instance, std::placeholders:: 1,
std::placeholders:: 2);
break;



void Character::TakeHeal(Entity& source, int heal) {
if (GetDamage() == 0)
return;

int amount = GetDamage() > heal ? heal : GetDamage();
SetDamage(GetDamage() - amount);

owner->GetGame()->triggerManager.OnHealTrigger(nullptr, this);

owner->GetGame()->ProcessTasks(]);

void TriggerManager: :0nHealTrigger(Player* player, Entity* sender) {
if (healTrigger != nullptr) {

healTrigger(player, sender);
}




void Trigger::ProcessInternal(Player* player, Entity* source) {
singleTask->SetSource(m_owner);

if (source != nullptr) {
singleTask->SetTarget(source);
} else {
auto enchantment = dynamic cast<Enchantment*>(m owner);
if (enchantment != nullptr && enchantment->GetTarget() != nullptr)
singleTask->SetTarget(enchantment->GetTarget());
else
singleTask->SetTarget(nullptr);

¥

if (fastExecution)
singleTask->Run(*player);

else
m_owner->owner->GetGame()->taskQueue.push_back(singleTask);
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void Attack(Player& player, Character* source, Character* target) {
// Check source can attack and target is valid

return;

// Activate attack trigger
player.GetGame()->triggerManager.OnAttackTrigger(&player, source);
player.GetGame()->ProcessTasks();

// Set game step to MAIN COMBAT
player.GetGame()->step = Step::MAIN COMBAT;



bool Character::CanAttack() {
// If the value of attack 1s 0, returns false
if (GetAttack() == 0)
return false;

// If the character 1s frozen, returns false
if (GetGameTag(GameTag: :FROZEN) == 1)
return false;

// If the character 1s exhausted, returns false
if (GetExhausted())
return false;

//! If the character can't attack, returns false
if (GetGameTag(GameTag: :CANT _ATTACK) == 1)

return false;

return true;



bool Character::IsValidCombatTarget(Player& opponent, Character* target) const {
if (std::find(targets.begin(), targets.end(), target) == targets.end())
return false;

const Hero* hero = dynamic cast<Hero*>(target);
return !(hero != nullptr &%&
hero->GetGameTag(GameTag: : CANNOT_ATTACK _HEROES) == 1);



std: :vector<Character*> Character::GetValidCombatTargets(Player& opponent) const {
bool 1sExistTauntInField = false;
std: :vector<Character*> targets, targetsHaveTaunt;

for (auto& minion : opponent.GetField().GetAllMinions()) {
if (minion->GetGameTag(GameTag::STEALTH) == 0) {
if (minion->GetGameTag(GameTag: :TAUNT) == 1) {
isExistTauntInField = true;
targetsHaveTaunt.emplace back(minion);
continue;

}
if (!isExistTauntInField)

targets.emplace_back(minion);

¥

if (isExistTauntInField)
return targetsHaveTaunt;

if (GetGameTag(GameTag: :CANNOT ATTACK HEROES) == 0 &%&
opponent.GetHero()->GetGameTag(GameTag: :IMMUNE) == 0 &&
opponent.GetHero()->GetGameTag(GameTag: :STEALTH) == 0)
targets.emplace back(opponent.GetHero());

return targets;



void Attack(Player& player, Character* source, Character* target) {

// Get attack of source and target
const int targetAttack = target->GetAttack();
const int sourceAttack = source->GetAttack();

// Take damage to target
const int targetDamage = target->TakeDamage(*source, sourceAttack);
const bool isTargetDamaged = targetDamage > 0;

// Freeze target 1f attacker 1is freezer
if (isTargetDamaged && source->GetGameTag(GameTag::FREEZE) == 1)
target->SetGameTag(GameTag: : FROZEN, 1);

// Destroy target i1f attacker 1is poisonous

if (isTargetDamaged && source->GetGameTag(GameTag: :POISONOUS) == 1)
target->Destroy();



// Ignore damage from defenders with 0 attack
if (targetAttack > 0)
{

// Take damage to source

const int sourceDamage = source->TakeDamage(*target, targetAttack);
const bool 1isSourceDamaged = sourceDamage > 0;

// Freeze source 1f defender 1s freezer
if (isSourceDamaged && target->GetGameTag(GameTag::FREEZE) == 1)
source->SetGameTag(GameTag: : FROZEN, 1);

// Destroy source 1f defender 1s poisonous

if (isSourceDamaged && target->GetGameTag(GameTag: :POISONOUS) == 1)
source->Destroy();

}

// Remove stealth ability if attacker has it
if (source->GetGameTag(GameTag::STEALTH) == 1)
source->SetGameTag(GameTag: :STEALTH, ©);



// Remove durability from weapon if hero attack

Hero* hero = dynamic cast<Hero*>(source);

if (hero != nullptr && hero->weapon != nullptr &&
hero->weapon->GetGameTag(GameTag: :IMMUNE) == 0)

{
int prevValue = hero->weapon->GetDurability();
hero->weapon->SetDurability(prevValue - 1);
// Destroy weapon 1f durability 1s ©
if (hero->weapon->GetDurability() == 0)
hero->RemoveWeapon();
}

// Increase the number of attacked
source->SetNumAttacksThisTurn(source->GetNumAttacksThisTurn() + 1);



// Check source 1s exhausted
if ((source->GetNumAttacksThisTurn() »>= 1 &&
source->GetGameTag(GameTag: :WINDFURY) == @) ||
(source->GetNumAttacksThisTurn() >= 2 &&
source->GetGameTag(GameTag: :WINDFURY) == 1))
source->SetExhausted(true);

// Process destroy and update aura
player.GetGame()->ProcessDestroyAndUpdateAura();

// Set game step to MAIN ACTION
player.GetGame()->step = Step::MAIN ACTION;
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void Game: :BeginShuffle() {
if (m _gameConfig.doShuffle) {
GetPlayerl().GetDeck().Shuffle();
GetPlayer2().GetDeck().Shuffle();

¥

nextStep = Step::BEGIN DRAW;

if (m_gameConfig.autoRun) {
GameManager: :ProcessNextStep(*this, nextStep);

¥
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void Game: :MainStartTriggers() {

triggerManager.OnStartTurnTrigger(&GetCurrentPlayer(), nullptr);
ProcessTasks();

ProcessDestroyAndUpdateAura();

hextStep = Step::MAIN RESOURCE;
if (m_gameConfig.autoRun) {

GameManager: :ProcessNextStep(*this, nextStep);

¥
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TPolicy OIE{H|0]A

class IPolicy {
public:
//! Gets next behavior from given \p game.
virtual TaskMeta Next(const Game& game) = 0O;

//! Gets proper requirement with given \p player and \p 1id.
virtual TaskMeta Require(Player& player, TaskID id) = 0;

//! Notify serialized data to IPolicy.
virtual void Notify(const TaskMeta& meta) = 0;

s
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class BasicPolicy : public IPolicy {

public:
//! Gets next behavior from given \p game.
TaskMeta Next(const Game& game) override;

//! Gets proper requirement with given \p player and \p 1id.
TaskMeta Require(Player& player, TaskID id) override;

//! Notify serialized data to IPolicy.
void Notify(const TaskMeta& meta) override;
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private:
//! Virtual method for MulliganTask requirement.
virtual TaskMeta RequireMulligan(Player& player);
//! Virtual method for PlayCardTask requirement.
virtual TaskMeta RequirePlayCard(Player& player);
//! Virtual method for AttackTask requirement.
virtual TaskMeta RequireAttack(Player& player);
//! Virtual method for OverDraw notifying.
virtual void NotifyOverDraw(const TaskMeta& meta);

}s
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class RandomPolicy : public BasicPolicy {

public:
//! Gets next behavior with random actions.
TaskMeta Next(const Game& game) override;

private:

//! Method for MulliganTask requirement.
virtual TaskMeta RequireMulligan(Player& player);
//! Method for PlayCardTask requirement.
virtual TaskMeta RequirePlayCard(Player& player);
//! Method for AttackTask requirement.
virtual TaskMeta RequireAttack(Player& player);

}s
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» PyTorch
https://pytorch.org/
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class TorchPolicy : public BasicPolicy {
public:
//! Constructs torch based policy with given module.
//! \param module The module base for torch deep learning policy.
//! \param gameToVec The generator for converting game to vector.
TorchPolicy(std: :shared ptr<ModuleBase> module, GameToVec* gameToVec);

//1 Gets next behavior with random actions.
TaskMeta Next(const Game& game) override;

}s
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class ModuleBase : public torch::nn::Module {
public:
//! Forwarding tensors to generate decision.
//! \param available The available actions.
//! \param context The game context encoded by GameToVec.
//! \return Probability to make decision based on available actions.
virtual torch::Tensor forward(torch::Tensor available,
torch::Tensor context);

}s
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class GameToVec {
public:
//! Generate torch tensor from game context.
//! \param game The game context.
//! \return The encoded torch tensor from \p game.
virtual torch::Tensor GenerateTensor(const Game& game);

s
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opPlayer.GetHand () .GetNumOfCards() / HAND SIZE;
.+ AfTHY Slof Qe e Th4
opPlayer.GetDeck().GetNumOfCards() / MAX DECK SIZE;
. Lj slof] e 7 H4

curPlayer.GetDeck() .GetNumOfCards() / MAX DECK SIZE;
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RosettaStone

Hearthstone simulator using C++ with some reinforcement learning

https://qgithub.com/utilForever/RosettaStone
otAAE AlEH|0|E + Zetets 218 AlS
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Microsoft Visual C++ (2017 % 0]4})
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* Basic & Classic

¢ 89% Basic (119 of 133 Cards) + 9% Classic (23 of 237 Cards)
* 9% Hall of Fame (2 of 22 Cards)

* EXxpansions

* 0% Rise of Shadows (0 of 135 cards)

* 0% Rastakhan's Rumble (0 of 135 Cards)

* 0% The Boomsday Project (0 of 135 Cards)
* 0% The Witchwood (0 of 135 Cards)
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