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Jlictunr A-1 — Koa Double DQN areHT 1151 fMHAM1YHOTO MaciTa0yBaHHS

CKJIQHOCTI

import random
import numpy as np
import torch
import torch.nn as nn

import

torch.optim as optim

from collections import deque

DEVICE = torch.device ('cuda'

else 'cpu')

STATE DIM = 6 # skill, stress, flow, health, kd,
ACTION DIM = 8 # kinbxicThb MOXIMBUMX il areHTa

# Baru oyHKULU1I BMHaATOpPOOU

wWl, w2, w3, wd = 0.5, 0.3,

SIGMA = 0.2

def compute reward (
skill: float,
challenge: float,
stress: float,
session delta: float,
prev challenge: float,

) —> float:

# Hackinbku TpaBelb OJIM3BKO OO BOHU IIOTOKY

r flow = float(np.exp

SIGMA ** 2)))

# Haropomxyemo 3a Te,

(-((skill - challenge) **

o T'paBellb He KMHYB Cceciwo

if torch.cuda.is available()

session len

2)

/



r ret = min(session delta / 300.0, 1.0)

# Gonyc koym rpaBeub nobpe rpae i1 He B cTpeci

r perf = 1.0 1f (skill > 0.6 and stress < 0.5

# mrpad 3a pizki cTpubKM CKIAOHOCTIL

r pen = min(abs(challenge - prev challenge)

) else 0.0

/ 0.05,

1.

0)
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return Wl * r flow + W2 * r ret + W3 * r perf - W4 * r pen

class QONetwork (nn.Module) :

def

def

self.net = nn.Sequential (
nn.Linear (STATE DIM, 128), nn.ReLU(),
nn.Linear (128, 128), nn.RelLU(),
nn.Linear (128, ACTION DIM),

forward(self, x):

return self.net (x)

class ReplayBuffer:

def

def

def

__init (self, capacity: int = 50 _000):

self. buf = deque (maxlen=capacity)

push(self, s, a, r, s _next, done):

self. buf.append((s, a, r, s _next, done))

sample (self, batch size: int):

batch = random.sample (self. buf, batch size)

s, a, r, sn, d = zip(*batch)

__init (self):
super (). 1init ()
# Tpu wapm LiJKOM ODOCTATHHO — [NPOCTIipP CTaHy HEBEJIMKUMA



to t
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lambda X: torch.tensor (np.array (x),

dtype=torch.float32) .to (DEVICE)

retu

rn (

to t(s)

14

torch.tensor (a, dtype=torch.long).to(DEVICE),

to t(r)

to t(sn

14

)y

torch.tensor (d, dtype=torch.float32).to(DEVICE),

def len (sel

f):

return len(self. buf)

class DDAAgent:

GAMMA = 0.97
LR = le-3
BATCH = 256
EPS START = 1.0
EPS_END = 0.05
EPS DECAY = 0.9995
TARGET SYNC = 500 # pa3 Ha CKiJBKM KPOKI1B KONiHEMO BaTu Yy
target-mepexy
def  init (self):
self.qg = QNetwork () .to (DEVICE)
self.q tgt = QNetwork() .to (DEVICE)
self.g tgt.load state dict(self.g.state dict())
self.qg tgt.eval()
self.opt = optim.Adam(self.g.parameters (),
lr=self.LR)
self.buf = ReplayBuffer ()
self.eps = self.EPS START
self. steps = 0
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def act(self, state: np.ndarray) -> int:
if random.random() < self.eps:
return random.randrange (ACTION DIM)
S = torch.tensor (state,
dtype=torch.float32) .unsqueeze (0) .to (DEVICE)
with torch.no grad():

return int(self.qg(s).argmax () .item())

def step(self, s, a, r, s next, done):

self.buf.push(s, a, r, s next, done)

# He NOUMHAEMO BUMTMCH I[IOKM HE HAKOIMUUTLCS XO0U TPOXU
mocBinmy
if len(self.buf) < self.BATCH * 4:

return

self. train once()

self.eps max (self.EPS END, self.eps *
self.EPS_DECAY)

self. steps += 1

1f self. steps % self.TARGET SYNC == 0:
self.qg tgt.load state dict(self.g.state dict())

def train once(self):

s, a, r, sn, done = self.buf.sample(self.BATCH)

# Double DQN: online-mMmepexa BubOHMpae Halkpaly noiio, target
11 ouinwe
# uUe npmubupae CUCTeMaTHUHE [IepPeOolllHIBAHHS (Q-3HadYeHb
with torch.no grad() :
best a = self.qg(sn).argmax(l, keepdim=True)
g _tgt v = self.qg tgt(sn).gather (1,
best a) .squeeze (1)

% = r + self.GAMMA * g tgt v * (1 - done)
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self.g(s) .gather (1, a.unsqueeze(l)) .squeeze(l)

g pred

loss = nn.functional.huber loss (g pred, vy)

self.opt.zero grad()

loss.backward()

# clip wo® rpamieHTM He BUOYXaJNM IIPM HeCcTalllOoOHaPHOMY
cepenoBmii

nn.utils.clip grad norm (self.g.parameters(), 1.0)

self.opt.step()

def export onnx(self, path: str):
"""3B6epirae wmomesib y ONNX 1mjsa 3aBaHTaxeHHsS uepes NNE
Plugin y UE5."""
dummy = torch.zeros(l, STATE DIM) .to (DEVICE)
torch.onnx.export (
self.q, dummy, path,
input names=['state'],
output names=['qg values'],
opset version=13,
)
print (f'36epexeno: {path}')
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JTONATOK B

Kon Moynro mpoditoBaHHS MOBEIIHKOBUX IMOKa3HUKIB TPaBIIs

Jlictuar A-2 — Koa moaymto npodutoBaHHs MMOBEIIHKOBUX IMOKA3HUKIB

rpaBus

import numpy as np

from collections import deque

from dataclasses import dataclass

from enum import IntEnum

class PlayerState (IntEnum) :

FLOW =0
FRUSTRATION = 1
BOREDOM = 2
@dataclass
class RawEvent:
timestamp: float
hit: bool # BJIYUMB UM NPOMAXHYBCSH
evaded: bool # UM BCTUT YXUIMUTUCH
item used: bool # BUKOPMCTAB Xij/npenmer
dmg received: float # CxijsbKM WKOOM OTpPMMAaB
died: bool
aim angle: float # xyT aTaku B panmiaHax
class PlayerProfiler:
# menme 60 cekx - peakuisa HepBoBa, Oijbme - 3aHaOTO i1HepPTHa
WINDOW SEC = 60.0
# Oinmpme 3 cMepTelm 3a XBUJIMHY — TpaBellb SBHO B HaHini

DR_MAX = 3.0

# emnipuuno: npu std(xyTm) > 1.8 panm rpaBelb 6'e Kyaou TOmajo
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CF_MAX = 1.8

# mrpMHa KaHaJly IIOTOKY — HiJIGMpaJ'H/I Ha TEeCTOBMX cecigax

FLOW EPS = 0.15

def init (self):

self. events: deque[RawEvent] = deque ()
self.skill score = 0.5

self.stress index = 0.0

self.flow zone = False

self.challenge 1vl = 0.5 # oHOBJIOE aTeHT, He MU

# 1l Tpu nosa NPUXOIATHL 13 pyllis OKpeMuUM KaHaJioM

self. health = 1.0
self. kd ratio =1.0
self. session len = 0.0
def push(self, ev: RawEvent) -> None:

self. events.append (ev)

# npubupaemo momii 3a MexaMmu BikHa

cutoff = ev.timestamp - self.WINDOW SEC

while self. events and self. events[0].timestamp <
cutoff:

self. events.popleft ()

self. recalc()

def recalc(self) -> None:

if not self. events:

return
evs = list(self. events)
n = len(evs)

# --- skill score ---



max (len (

le-06)

else 0.0
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attacks = [e for e in evs if e.hit or not e.evaded]
accuracy = sum(e.hit for e 1in attacks) /

attacks), 1)

evasion = sum(e.evaded for e in evs) / n

items used = sum(e.item used for e in evs)

total dmg = sum(e.dmg received for e in evs)
resource eff = min(items used / max(total dmg, le-6),

self.skill score = (
0.40 * accuracy +
0.35 * evasion +

0.25 * resource eff

# --- stress index ---

span = evs[-1].timestamp - evs[0].timestamp

death rate sum(e.died for e in evs) / max(span / 60.0,

angles = np.array([e.aim angle for e in evs])
chaos = float(np.std(angles)) if len(angles) > 1
self.stress index = min(

1.0,

death rate / self.DR MAX + chaos / self.CF MAX

# --- flow zone ---

delta = abs(self.skill score -

self.challenge 1vl)

(delta <

self.flow_zone self.FLOW EPS and

self.stress index <= 0.8)

def

state vector(self) -> np.ndarray:

return np.array ([



self.skill score,
self.stress index,
float (self.flow zone),
self. health,
self. kd ratio,
self. session len,
], dtype=np.float32)
def set health(self, h:

def set kd(self, kd: float):

def set session(self, t: float)

class StateClassifier:

mwwan

k-NN xjacubpikarop (k=3,

Tpu kjacwu: Flow, Frustration,

Bxinm: (skill score,

mwwan

K =3

float) :

stress_ index,
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self

Il
j=n

. _health

self. kd ratio kd

self. session len = t

EeBKJI1IOBAa METpUKA) .

Boredom.

flow zone).

# HeBenukuMM HaBuasbHUM HaOip — TunoBi noBeminkoBi npodisi

# xoxen psnmok: [skill, stress,

_TRAINING DATA = np.array ([

flow zone,

label]

# Flow — rpaBeub y BajaHci, BUKIVMK BianoBimae HaBuukam
[0.65, 0.30, 1.0, PlayerState.FLOW],

[0.70, 0.35, 1.0, PlayerState.FLOW],

[0.55, 0.40, 1.0, PlayerState.FLOW],

[0.60, 0.25, 1.0, PlayerState.FLOW],

[0.75, 0.45, 1.0, PlayerState.FLOW],

# Frustration - maBaraTo noMmupae, xaoTHUUHa MNOBeOiHKA
[0.25, 0.90, 0.0, PlayerState.FRUSTRATION],

[0.20, 0.85, 0.0, PlayerState.FRUSTRATION],

[0.30, 0.95, 0.0, PlayerState.FRUSTRATION],

[0.15, 0.80, 0.0, PlayerState.FRUSTRATION],



[0.35, 0.88, 0.0, PlayerState.
# Boredom - BMlie 6ignbume,

[0.85, 0.10, 0.0, PlayerState.
[0.90, 0.08, 0.0, PlayerState.
[0.80, 0.12, 0.0, PlayerState.
[0.88, 0.15, 0.0, PlayerState.
[0.78, 0.05, 0.0, PlayerState.

1)

57
FRUSTRATION],

Hix BMMarae Ipa, CTPEeCcy HYJb

BOREDOM] ,
BOREDOM] ,
BOREDOM] ,
BOREDOM] ,
BOREDOM] ,

def classify(self, profiler: PlayerProfiler) -> PlayerState:

pt = np.array ([

profiler.skill score,

profiler.stress index,

float (profiler.flow zone),

1)

X

labels =

dists =

# Oepemo
k idx
k labels

counts

self. TRAINING DATA[:, :3]

self. TRAINING DATA[:, 3].astype(int)

-

np.linalg.norm(X - pt,

axis=1)

HaMBIMXUMx 1 ToJIoCcyeMO O1JibllicCTio

np.argsort (dists) [:self.K]

labels[k 1idx]

np.bincount (k labels, minlength=3)

return PlayerState (int (np.argmax (counts)))
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JTONATOK B

Kon irpoBoi migcucremu iHdepeHcy ta opkectpaiii DDA

Jlictunr A-3 — Kopa irpoBoi nijicucremu iHdepeHcy ta opkectpaiiii DDA
#include "DDAGameSubsystem.h"
#include "NNE.h"
#include "NNERuntimeCPU.h"
#include "PlayerProfilerComponent.h"
#include "LoDAIController.h"

#include "EngineUtils.h"

DEFINE LOG CATEGORY (LogDDA) ;

void UDDAGameSubsystem: :Initialize (FSubsystemCollectionBaseé&
Collection)

{

Super::Initialize(Collection);

// BapaHTaxyeMo ONNX momesib 3 Content/AI/

UNNEModelData* ModelData = LoadObject<UNNEModelData> (
nullptr, TEXT("/Game/AI/dda agent.dda agent")

) ;

if (!ModelData)

{
UE LOG(LogDDA, Warning, TEXT("ONNX He 3HanneHo, DDA

BUMMKHeHO") ) ;

return;

// orpumyeMmo CPU runtime mmsa indepeHcy - nepeBipseMo mo BiH
OOCTYTIIHUM
TWeakInterfacePtr<INNERuntimeCPU> Runtime =

UE::NNE: :GetRuntime<INNERuntimeCPU> (TEXT ("NNERuntimeBasicCpu")

) ;
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if (!Runtime.IsValid())

{
UE LOG (LogDDA, Warning, TEXT("NNE Runtime He 3HaMmeHo,
DDA BuMKHeHO")) ;

return;

// CTBOPIEMO MOIEJIb Ta 11 eK3eMIJap
Model = Runtime->CreateModelCPU (ModelData) ;
if (!'Model.IsValid())
{
UE LOG (LogDDA, Warning, TEXT ("He BIAJIOCH CTBOPUTU
MomeJib, DDA BuUMKHeHO")):;

return;

ModelInstance = Model->CreateModelInstanceCPU() ;
if (!ModelInstance.IsValid{())
{
UE LOG (LogDDA, Warning, TEXT ("He BOAaJIOCh CTBOPUTH
ekzeMyigap MmoneJsi, DDA BuUMKHeHO"));

return;

// BanmyckaeMo iHbepeHC pas Ha CeKyHOy — uYacTime He noTpiBHO
GetWorld () ->GetTimerManager () .SetTimer (
InferenceTimer, this,
&UDDAGameSubsystem: :RunInferenceStep, 1.0f, true
) ;

UE LOG(LogDDA, Log, TEXT("DDA mnincucTemMa 1Hiulajni3oBaHa
ycnimuo"™) ) ;

}

void UDDAGameSubsystem: :RunInferenceStep ()
{
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// saxmo Mmomesib abo mnpodanyep HeIOCTYIH1 — MNPONyCKaeMO KPOK

if (!'ModelInstance.IsValid() || !ProfilerComp) return;

// oTpuMyeMO BeKTOp cCTaHy TrpaBus [skill, stress, flow,
health, kd, session]
TArray<float> State = ProfilerComp->GetStateVector ();

TArray<UE::NNE: :FTensorBindingCPU> Inputs, Outputs;

TArray<float> QValues;

QValues.SetNum(8) ;

Inputs.Add ({ State.GetDatal(), (uinto4d) State.Num() *
sizeof (float) 1});

Outputs.Add({ QValues.GetDatal(), (uinto4)QValues.Num/() *
sizeof (float) 1});

// 3anyckaeMo iHbepeHC — OTPMMYyEMO Q-3HAUEHHS OJId KOXHOI il

ModelInstance->RunSync (Inputs, Outputs);

// BUBOUMpPaAeMO i 3 MakCHMMaJllbHUM Q-3HaueHHaM (greedy policy)
int32 Best = 0;
for (int32 1 = 1; i < 8; ++1i)

if (QValues[i] > QValues[Best]) Best = 1i;

// OHOBJIOEMO pPiBeHb ckJamHOCTi1 — kpok He Bineme 0.05 3a pas

const float Delta =
FMath::Clamp (ActionToChallengeDelta (Best), -0.05f, 0.05f);

CurrentChallenge = FMath::Clamp (CurrentChallenge + Delta,
MinDifficulty, MaxDifficulty);

// mnepemaeMo HOBUM PiBeHb CkjamHocTi BciM ATl KOHTpoOJiepamM Ha
piBHI
for (TActorIterator<AController> It (GetWorld()); It; ++It)
{
auto* C = Cast<ALoDAIController>(*It);
if (C) C->SetChallengelevel (CurrentChallenge) ;
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// cnoBimaemo mambopn NPO 3MiHY CKJIAOHOCTI

OnChallengeUpdated.Broadcast (CurrentChallenge, Best,

QOValues) ;
}

float UDDAGameSubsystem::ActionToChallengeDelta (int32 Action)

{

// BimoOpaxeHHS 1HOekCy il Ha OeJbTY CKJIAOHOCTI

switch (Action)

{

case O:
case 1:
case 2:
case 3:
case 4:
case 5:
case 6:
default:

return
return
return
return
return
return
return

return

void UDDAGameSubsystem:

{

+0.05£; //
-0.05f; //
-0.02f; //
+0.02f; //
+0.03f; //

CUJIBHO II1OBUIINTU
CUJILHO BHUBUTU
TPOXW SBHUBUTU

TPOXU I[11OBUIMUTU
IOM1PHO IMiOBUIMTU
IIOM1PHO BHUBUTU
M1KPOKOPEKL1sa BIOPY

HelTpalb

-0.03f; //

+0.01f; //
0.0f; //

:Deinitialize ()

// oumimaeMo TarMep nepen 3HUIEHHAM I1OcucTemu

if (GetWorld())

GetWorld () -

>GetTimerManager () .ClearTimer (InferenceTimer) ;

ModelInstance.Reset () ;

Model .Reset () ;

Super::Deinitialize () ;
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void UDDAGameSubsystem: :ReloadConfig(const FDDAConfig&

NewConfig)

{
MinDifficulty

NewConfig.DifficultyMin;
MaxDifficulty = NewConfig.DifficultyMax;
// BaTuckaeMoO I[OTOUHEe 3HaueHHs 6e3 crTpubka

CurrentChallenge = FMath::Clamp (CurrentChallenge,
MinDifficulty, MaxDifficulty);

UE LOG (LogDDA, Log, TEXT("ReloadConfig: min=%.2f max=%.2f
speed=%.2f strategy=%d"),
MinDifficulty, MaxDifficulty,
NewConfig.AdaptationSpeed, NewConfig.NPCStrategyIndex) ;
}
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