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Pucynok b.1 — Craiin 1

AHaI3 OpeAMETHOI rary3i

AKTYaJbHICTb JOCIIKEHHS:
® 3pPOCTaHHS O0OYMCITIOBAILHOT
CKJIaJTHOCTI IrPOBHUX CHCTEM

Die o= FindWork
° Actor dies = Run the highest priority task

® IIiIBUIIICHHS BUMOT JIO PEaTiCTHYHOCTI
ta [III
® HCEOOXIIHICTh ONTUMI3AIIl TPU

If
m $energy < 0.1

==l
$health < 0.01

’ GoTo
Go to Shome

BHUCOKIH SIKOCTI IrPOBOTO TIPOIIECY

e 1oTpeba y po3poodiii MacTaboBaHUX
pimieHs

— —
!

software
engineering 2
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AHaJi3 nOpeAMETHOI rary3i

Use Cases of Al in the Gaming Industry

Procedural
Content
Generation
(PCG)

Player-
Experience
Modeling
(PEM)
Enhancements Data-Mining
and Al
Upscaling

and Real-Time
Analytics

Non Player
Characters
(NPCs)

Player Virtual
Sentiment Assistants
Analysis

Cheat Testing
Detection i
in Multiplayer @ pepugging
Games

Bumoru:

® 3arayibHa ONTHUMI3aIlisl
MiHiMi3allis 3aTPUMOK
pearicTuuHicTh oBeaiHKH NPC
HaJIIHHICTh

nependoavyBaHiCTh

Pucynok b.3 — Cnaiin 3

AHati3 npeMeTHOI rajysi

HasBHi pilleHHs1 HA pUHKY:

e Unreal Engine Behavior Trees
Unity ML-Agents

CryEngine Flowgraph
TensorFlow

PyTorch

Pucynok b.4 — Craiig 4
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Orisg ¥ aHaumi3 JIITepaTypPHUX Ta HAYKOBUX JKEPE

ARTIFICIAL

Millington I. & Funge J. : i

” Artificial Intelligence for INTELUGENCE ‘

Games” |

Yannakakis G. N., Togelius J. P * Artificial
“Artificial Intelligence and Intelligence
Games” “ ‘B and Games

Q) Springer

—— @ DeepMind

............

Pucynok b.5 — Cnaiin 5

[TocTanoBKa 3agaul

ANTOPUTMH CHCTEMH MTOBHHHI

3a0e3rmeuyBaTH:

® msuakoaio O(log n) amst 6a30Bux
orepariii NpUHHATTA pilleHb;

®  [iATPUMKY i€pPAPXIYHOI CTPYKTYpPH
LUTEH Ta ImiaIiaei;

®  MexaHi3MH po3B'si3aHHs KOH(DIIKTIB
MK KOHKYPYIOUHUMH LIJISIMHU;

®  QJaNTHUBHE PETyJIFOBAaHHS ITIMOWHN
TIOIIYKY PillEHb.

nnnnnnnnnnn

Pucynok b.6 — Cnaiig 6
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TeopeTnuHe AOCTIIKESHHS

UEBT (Behavior Trees):

¢ peamizaist 0a3yeTbcs Ha
narepHi «KoMITOHYBaJTbHUKY
VYHijikauis o6poOku
€JICMEHTIB MOBEIIHKH
BUKOPHCTaHHS MYJiB 00'€KTIB
JUISL BY3JTiB JiepeBa
KeuryBanus pe3ynbTaTiB
004nCIIeHHS YMOB
miaTpuMKa cepiamizarii

Pucynok b.7 — Cnaiin 7

TeopeTuuHe HOCITiIKEHHS

Utility-based Systems:

® ouinka KOPHCHOCTI Pi3HUX
JIiii B TOTOYHOMY KOHTEKCT1
KOMITOHEHTHUWH IT1X1/1

(oOuHMCIeHHS 3HAYCHD YTHIIT
Ta OI[IHKH CEePETOBHIIA)
CIIOCiO HaNAlITyBaHHS —
¢GyHKIiT KOpUCHOCTI

Pucynok b.8 — Cnaiig 8
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TeopeTnuHe QOCTIIKESHHS

D(t) = F(S(t),A(1) .C(t) . P(1))

ne D(t) — pillleHHs y MOMEHT vacy t,

Year

3pocTaHHs KUTBKOCTI Omepariil MpUHHATTS pillleHb 3a Kaap Ta
Yacy Ha iX BUKOHAHHS IIPOTATOM ocTaHHIX 20 pokiB

S(t) — craH irpoBoro cepe0BHIIa,
A(t) — MHOXXHHA JIOCTYITHHX AiH,
C(t) — koHTeKcTHA iHpOpMaLis,
P(t) — napameTpu mpoyKTUBHOCTI
CHCTEMH,

F() — GyHKList IPUAHATTS pillIeHb.

——
) =
Paln e A 9
Pucynok b.9 — Cnaiin 9
BucHoBKM
OTtpumaHi pe3ynbTaTu
Moynb KeuryBaHHs: OyHKLis KOpeKLil mapamMeTpis:
H(s) =wy E(s) + w, R(s) + w3 T(s
(5) = wi E(s) + wa R(s) + w3 T(s) AP = n(Rexpected — R_actual)VP
OyHkuis npiopuresanii: sie AP — 3Mina napamerTpis,
P(i) =aU@) + B CUE)+ AL 1 — KoedilieHT HaBYaHHS,
. . R_expected — ouikyBaHuil pe3ynbTar,
Po3mip JuHaMi4HOTO Kery: R N
_actual — dakTuyHuil pe3yJbTar,
CacheSize = min(maxSize, k * log(N) * M) VP — rpazieHT napameTpis.
— —
— —
anainaaring 10

Pucynok b.10 — Cnaiig 10
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JIOJJATOK B

AITPOBALIA PE3YJIBTATIB POBOTU (TE3U AOITOBIAI)

MIT@AIS Conference 2025

ONTUMIBALISA METO/IB IPUMHATTS PINIEHD Y PEAJIbHOMY YACI B
KOMIT'IOTEPHUX ITPAX XKAHPY RPG

JI.P. Kiczos'", O.C. Hazapos'

! Xapriscokuil nayionansnuii ynisepcumem padioenexmponixu, Ilpocnexm Hayxu 14, 61166, Xapxis, Yxpaina

Keywords: mry4nuii inTenekt; komm'rotepHi irpu; RPG; npuiHATTS pillieHb Y pealbHOMY
4aci; ONTHMI3allis 00YHCIIeHb; TOBEIIHKOBI aJITOPUTMH

ABSTRACT

CraTTs MpUCBAYEHA OCITIHKEHHIO Ta ONTUMI3allii METOAIB PHHHATTS PILICHb Y PEAIbHOMY
yaci s KoMI'rorepHux irop xanpy RPG. IIpoananizoBano cy4acHi miaxoau 10 pearizarii
HITYYHOTO IHTENIEKTY B ITPOBHX CHCTEMax Ta BHSBJICHO OCHOBHI OOMEKCHHS ICHYIOUHX
pimens. 3ampormoHoBaHO (HOpPMaTbHY MOJIETb CHCTEMH NPUHHATTSA pillleHb, 10 BPaxOBYE
crenngpiky poOOTH 3 BEIUKOIO KIIBKICTIO areHTIB B YMOBaX OOMEKEHUX OOYMCIIIOBATBHUX
pecypciB. ChopMynboBaHO (yHKIIOHANBHI Ta HE(QYHKIIOHATbHI BHMOTH [0 CHCTEMH,
BU3HAYEHO KPUTEPii OLIHKK €(DEKTHBHOCTI PI3HUX aJTOPUTMIYHHUX ITiIXO/IiB.

BACKGROUND

VY KOHTEKCTi CTPIMKOTO PO3BHUTKY IHAYCTpii KOMITIOTEPHHX irop Ta 3pOCTaHHS BUMOT JO
PeaNiCTUYHOCTI BipTyallbHUX CBITiB, 0COOIUBOT aKTyalbHOCTI HaOyBae mpobiiemMa onTHMi3aii
METOMIB TPUHHATTS pilleHb Yy peanbHoMy u4aci. Kowmm'torepui irpu xanpy RPG
MPEACTaBIAIOTh CO00I0 MPOrpaMHi  KOMIUIGKCH 3 MHOXHHHICTIO B3aEMOJIH  MiX
KOMITOHEHTAMH CHCTEMH, 110 TOTPeOyIOTh BIPOBAKEHHS €(eKTHBHHUX alTOPHTMIB.

OBJECTIVE

AKTYalbHICT  JIOCHIIDKCHHS 3yMOBJEHAa HACTYNHUMH UYHHHHKaMH: 1) 3pocTaHHA
00YHCITIOBAIBHOI CKJIQJHOCTI ITPOBHUX CHUCTEM dYepe3 30UIbIICHHs KiTBKOCTI MapaielbHUX
MpoIleciB; 2) MiIBHUIIEHHS BHMOT [0 PEaTiCTHYHOCTI TOBEAIHKH INTYYHOTO IHTEJEKT;
3) HeoOXiHICTh ONTHUMI3alll BUKOPHUCTAHHS OOYHCIIOBAIBLHHUX PECYpCIiB IMpHU 30epeieHHI
BHCOKOT SIKOCTI irpoBoro mporiecy; 4) nmorpedba y po3poOii MacitaboBaHUX pillieHb IS
00pOOKH 3HAYHOI KITBKOCT] IrPOBUX CYTHOCTEH Y pEaIbHOMY Yaci.

OCHOBHOIO METOIO JOCII[DKCHHS € po3po0Ka METOM0JIOTii BUOOPY Ta ONTHMIi3alii METOMIIB
NPUAHATTS pIlIeHs y peaJbHOMY 4Yaci Ui KOMI''oTepHHX irop »kaHpy RPG. Jlana mera
KOHKPETH3Y€EThCS y HU3LI crenu(ivHUX 3aBIaHb, M0 MOTPEOYIOTh BUPIIICHHS.

METHODS

MeTomoNOTIYHII MiAXIJ 0 JOCHIIKEHHS 0a3yeThCs HAa KOMIUICKCHOMY aHAI3l iCHYIOUHX
pillicHh Ta EKCIIEPUMEHTAJIbHIM Ballifallii 3amporoOHOBAaHMX MIAXOMIB: 1) CHCTEMAaTHYHHIMA
aHaNI3 ICHYIOYMX pealizallif CHCTeM NPHUHATTSA PIlIeHb Y KOMEPIIHHHX IPg NPOEKTAX;
2) po3pobka cepil NPOTOTUIIB ISl CKCIEPUMEHTAIBHOI Bamigalil pi3HUX MiIXOMIB;
3) TecTyBaHHS NPOAYKTUBHOCTI Ta MAcIITabOBaHOCTI 3 BUKOPHCTAHHSM CTaHIapTH30BaHUX
MeToauK; 4) Bepudikallis pe3yJbTaTiB 4epe3 KOMIUICKCHY METOIOJIOTII0 TECTYBaHHS.

“Corresponding address (dmytro.kislov@nure.ua, +38-0501362181)
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MIT@AIS Conference 2025

ApxiTekTypa cucteMu Oa3yeTbCsi Ha OaraTopiBHEBilf Moneni NpuUiHATTA pimess [18], mo
OIIUCYETHCS HACTYITHIM MAaTEMAaTHYHAM alapaToM:

D(t) = F(5(1), A1), C(1), P(D)) (1
ne D(7) — pimieHHs y MOMeHT uacy ¢, S(f) — ctaH irpoBoro cepenopuia, A(f) — MHOXHHA
noctynHux aii, C(f) — konTekctHa iHdopmartis, P(f) — mapaMeTpu NpoAyKTHBHOCTI CHCTEMH,
F() — dyHKUis mpUiHATTS pillICHb.

OCHOBHMM KOMIIOHEHTOM CHUCTEMH € MOJYJb CTPATEridYHOro IUIAaHYBaHHS, L0 peali3ye
MEXaHi3M NPOTHO3YBaHHS HACTIJKIB pillleHs Ha OCHOBI MoAu(}ikoBaHOTO anroputMy Monte
Carlo Tree Search (MCTS) 3 nuHaMiYHOIO amanTali€lo ITTHOWHH MOUIyKy. Mommdikamis
MCTS BkiItoYa€ BIPOBAKCHHS €BPUCTUYHOT (YHKIIT OLIHKH CTaHiB:

H(s) = wy E(s) + w, R(s) + w3 T(s), )

ne H(s) — eBpuctuuna owinka crany s, E(s) — ominka edexruBnocti aii, R(s) — ouinka pusuky,
T(s) — yacoBa CKJIaioBa, Wi, W2, W3 — BaroBi KOe(ili€HTH, 10 alaITHBHO HAJIAIITOBYIOTHCS.

RESULTS

dopmanbHe BU3HAYEHHA IIPOOJIEMHOr0 IMPOCTOPY CUCTEMH INPUHHATTA pilleHb S
MPECTABIEHE y SIKOCTI KOPTEXKY:
S=(AED,RT), 3)

Jie A — MHOXHHA areHTiB CUCTeMH, £ — CTaH irpoBoro cepenoBuina, D — IpoCTip MOMIUBUX
pimeHs, R — MHOKHHA IIPAaBHJI Ta 0OMEXEeHb, I — 9acoBl 00MeXEHHS Ha IPUHHATTS PillleHb.
KoxeH areHr a = A xapakTepu3yeTbcs HAOOPOM MapaMeTpiB:

P(a) = {P1, P2, ..., Py}, “

ne Pi nmpencraBisie KOHKPETHY XapaKTePHCTHKY areHra (310pOoB's, BUTPHBAIIICTb, BITHOIIEHHS
JIO TPaBLIs TOLIO).

ExcriepiMeHTaIbHE MOZETIOBAHHSA —3alPOIOHOBAHOTO METORY JAEMOHCTPYE HACTYIHI
pe3ynbTaTH: 1) 3MEHINCHHS 4acy HPHHHATTSA pimeHs Ha 35% mopiBHAHO 3 6Ga3oBHMH
IropuTMaMH; 2) MiJBUILEHHS SKOCTI IPUIHATHUX pillieHs Ha 28% 3a KpUTepieM BiAIOBITHOCTI
OUIKyBaHUM pe3yJIbTaTaM; 3) 3HWKECHHS 00UYHCITIOBAJIBHOTO HaBaHTaKeHHS Ha 42% 3aBIsKU
e(peKTMBHOMY KEIIyBaHHIO Ta NMPEANKTHBHUM OOUYHCICHHAM; 4) MOKPAIIEHHS aJalTHBHOCTI
CHCTEMU, 110 MiATBEPIKY€ETHCS 3MEHIIEHHIM KiJIbKOCTI HEONTHMAaIbHHX pileHs Ha 31%.

CONCLUSION

JlocmikeHHsT METOIIB PUIHATTS PillleHb Y PEaIbHOMY 4aci Ui KOMITIOTEPHHUX irop XKaHpy
RPG € akTyabHIM HaIpsIMKOM, III0 Ma€ 3HAYHUH HOTEHIliaN IS ONTHMI3allii irpOBHX CHCTEM
Ta MiJBHIIEHHS SIKOCTi irpoBOro AocBixy. 3amporonoBaHa (opmanizamis HnpobnemMu Ta
METOJIOJIOTISl JOCIi/KEHHS CTBOPIOIOTH OCHOBY UISl PO3POOKH €(PEeKTHBHUX aITOPUTMIYHUX
pillieHp, IO BiANOBINAIOTh Cyd4acHUM BHMoram iHmycTpii. [lomanemm mocmimkeHHs OyayTh
CIPSIMOBaHI Ha KCIIEPHMEHTAIIbHY MEPEBIPKY 3aMPOIOHOBAHKX MiAXOMIB Ta iX IHTErpawLilo B
iCHyIoui IrpoBi pyii.
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JIOJIATOK T

Koa nporpamu

import json

import random

import networkx as nx

import matplotlib.pyplot as plt

import csv

import asyncio

import aiofiles

from collections.abc import MutableSequence
from datetime import datetime

from enum import Enum

class AgentState(int, Enum):

Idle = 1
Move = 2
Attack = 3
Defend = 4
Rest = 5
Peek = 6
Charge = 7
Shoot = 8
Relocad = 9
Speak = 10
Crouch = 11
Jump = 12

class AgentParam(int, Enum):
Position =1
Health = 2
Stamina = 3
Energy = 4
Aggression = 5
Awareness = 6

class WeatherOptions (int, Enum) :

Sunny = 1
Rainy = 2
Foggy = 3

class TimeOfDayOptions (int, Enum) :
Day =1
Night = 2

PARAM_EVALUATES = {
AgentParam.Position: lambda : (random.randint (0, 100),
random.randint (0, 100)),
AgentParam.Health: lambda : random.randint (50, 100),
AgentParam.Stamina: lambda : random.randint (20, 100),
AgentParam.Energy: lambda : random.randint (10, 100),

AgentParam.Aggression: lambda : random.randint (0, 100),

AgentParam.Awareness: lambda : random.randint (0, 100)

}

class Data:

56



def

def

def

def

def
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__init (self, states amount, units amount) :

self.rules counter = 1

self.environment space = self.create environment space()
self.decision space = self.create decision space(states amount)
self.agents = self.generate agents (units_amount)

toJSON (self) :

return json.dumps (
self,
default=lambda o: o. dict ,
indent=4)

create environment space(self):
return Environment ()

create decision space(self, needed amount):
generated states = []
for 1 in range (needed amount) :
generated states.append(State (AgentState(i + 1)))
return generated states

generate agents(self, units amount) :
agents = []
for 1 in range(units_ amount) :
agent = Agent (
agent id = f"Agent {i}",
initial state = AgentState.Idle)
agents.append (agent)
return agents

# T'enepaunisa KOHKpPeTHOT'O mnpaBuia y ¢dopmaTi DSL

def

generate rule(self, source state: "State", transition state:

"State") :

def

rule = Rule(

rule id = f"Rule {self.rules counter}",
condition = self.generate condition(),
action = transition state.state)

source state.add rule(rule)
self.rules counter += 1
return rule

generate condition (self):
influenced_param = AgentParam(random.randint (1, len (AgentParam)))
condition = f"agent.params[{influenced param}] {'>"' if

random.randint (0, 2) > 1 else '<'} {PARAM EVALUATES[influenced param] ()}"

{random.

{random.

select operator = lambda : 'and' if random.randint (0, 2) > 1 else

#weather optional block
if random.randint (0, 2) > 1:

condition += f" {select operator()} env.weather ==
randint (1, len (WeatherOptions))}"

#time of day optional block
if random.randint (0, 2) > 1:

condition += f" {select operator()} env.time of day ==
randint (1, len(TimeOfDayOptions)) }"



def

58

return condition

determine agent state(self, agent: "Agent"):
for state in self.decision_ space:
if state.state == agent.state:
return state
print (f"Error: {agent.agent id} state was not found throughout

emulation!")

return None

class Environment:

def

def

def

def

def

__init  (self):
self.weather = self.weather random selector()
self.time of day = self.time of day random selector()

change weather (self) :
new weather = self.weather random selector()
while (self.weather == new weather):

new weather = self.weather random selector()
self.weather = new weather
weather random selector (self):
return random.choice(list (WeatherOptions))

change time of day(self):
new time of day = self.time of day random selector()
while (self.time of day == new time of day):

new time of day = self.time of day random selector()
self.time of day = new _time of day
time of day random selector (self):
return random.choice(list (TimeOfDayOptions))

class State:

def

def

def

__init (self, state: "AgentState"):
self.state = state
self.rules = []

add rule(self, rule: "Rule"):
self.rules.append(rule)

has rule(self, target state: "State"):
for rule in self.rules:
if (rule.action == target state.state):
return True
return False

class Rule:

def

def

__init (self, rule id: str, condition: str, action: "AgentState"):
self.rule id = rule id
self.condition = condition

self.action = action

interpret rule(self, agent: "Agent", environment: "Environment"):
if eval(self.condition, {}, {"agent": agent, "env": environment}):
return self.action



return None

class Agent:

def

def

def

self.agent id = agent id
self.state = initial state
self.initiate parameter change ()

apply new state(self, new state: "AgentState"):
self.state = new state

initiate parameter change (self):

calculated params = {}
for p in AgentParam:

calculated params[p] = PARAM EVALUATES[p] ()
self.params = calculated params

class Graph:

def

def

def

def

__init (self, data: "Data", extra linkage rate:

self.extra linkage rate = extra linkage rate
self.G = self.generate decision graph (data)

generate decision graph (self, data):
nodes = data.decision_ space

G = nx.DiGraph ()

self.build behaviour tree (G, nodes)
self.add node linkage (G, nodes)

return G

build behaviour tree(self, G, nodes: MutableSequence["State"]):

root = nodes|[0]
G.add node (root.state.name)

used nodes = set()
used nodes.add (root)
available nodes = set (nodes)

available nodes.remove (root)

while available nodes:
parent = random.choice (list (used nodes))
child = random.choice(list (available nodes))
rule = data.generate rule(parent, child)

G.add node(child.state.name)

G.add edge (parent.state.name, child.state.name,

used nodes.add (child)
available nodes.remove (child)

return G

add node linkage (self, G, nodes: MutableSequence["State"]):

nodes list = list (nodes)

for 1 in range(int(len(nodes) * self.extra linkage rate)):

parent = random.choice (nodes list)
child = random.choice (nodes list)

__init (self, agent id: str, initial state: "AgentState"):

float) :
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def

in self.

while child == parent or child.has rule(parent):

child = random.choice (nodes list)

rule = data.generate rule(parent, child)

G.add edge (parent.state.name, child.state.name,

draw_and save decision graph(self, filename):
pos = nx.spring layout (self.G, seed=20)

plt.figure(figsize = (12, 12))
nx.draw_networkx nodes (
self.G, pos,
node color = 'black',
node size = 3100)
nx.draw networkx labels(
self.G, pos,
font color = 'white',
font size = 14)
nx.draw _networkx edges (
self.G, pos,
node size = 3100,
edge color = 'black',
width = 1,
arrowstyle = '—-[|>",
arrowsize = 18)
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condition=rule)

edge labels = {(u, v): self.G[u][v]["condition"].rule id for u, v

G.edges}

nx.draw networkx edge labels(
self.G, pos,
edge labels = edge labels,
font size = 13)

plt.savefig(filename)

plt.show ()

class GameTickEmulator:

def

__init  (self,

data: "Data",

batches count: int,

cycles count: int,

tick interval: float,

logger: "Logger",

stats tracker: "StatsTracker"):
self.emulation in progress = True

self.data = data

self.data lock = asyncio.Lock()
self.batches count = batches count
self.cycles count = cycles count
self.tick interval = tick interval
self.logger = logger

self.logger lock = asyncio.Lock()
self.stats tracker = stats tracker
self.stats tracker lock = asyncio.Lock()
self.batches completed cycle amount = 0
self.completed cycle amount lock = asyncio.Lock()
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self.cycle completed = False
self.remaining iterations counter = self.cycles count *

batches count

if

self.remaining iterations counter lock = asyncio.Lock()
self.time stats = TimeStats (self.batches count)
self.time stats lock = asyncio.Lock()
self.tick start timestamp = None

self.agent stats = AgentStats (data)
self.agent stats lock = asyncio.Lock()

async def async run algorithm(self):

#Start async env state update
asyncio.create task(self.async environment update loop())

#Start executive work tasks running AI behaviour for agent batches

agents = self.data.agents
agents in batch = int (len(agents) / self.batches count)
agents batches = |
agents|[ (agents_in batch * i) : (agents in batch * (i + 1) - 1)
self.batches count - 1) else (len(agents) - 1)]

for 1 in range(self.batches count)

]

tasks =

[asyncio.create task(self.async atomic decision loop (agents batches[i], 1))
for 1 in range(self.batches count)]

results = await asyncio.gather (*tasks)
#async with self.stats tracker lock:
#await self.stats tracker.async write all to file()
print ("done.")
return self.time stats, self.agent stats

async def async environment update loop(self):

while (self.emulation in progress):
await asyncio.sleep(self.tick interval * random.randint(l, 5))
if random.randint (0, 2) > 1:
await self.weather update log format ()
else:
await self.time of day update log format ()

async def weather update log format (self):

weather getter = lambda

WeatherOptions (self.data.environment space.weather) .name

async with self.data lock:
initial weather = weather getter()
s = f"// WEATHER updated: {initial weather} -> "
self.data.environment space.change weather ()
updated weather = weather getter()
s += f"{updated weather}"

async with self.logger lock:
await self.logger.async_log(s)

async def time of day update log format (self):

time of day getter = lambda

TimeOfDayOptions (self.data.environment space.time of day) .name

async with self.data lock:
initial time = time of day getter()
s = f"// TIME OF DAY updated: {initial time} -> "



self.data.environment space.change time of day()
updated time = time of day getter()
s += f"{updated time}"
async with self.logger lock:
await self.logger.async_log(s)

async def async _atomic decision loop (self, agent batch:
MutableSequence["Agent"], batch index: int):
while (self.remaining iterations counter > 0):
tick = self.cycles count -
int (self.remaining iterations counter / self.batches count)
batch cypher = f"Tick{tick} |Batch{batch index}"
#Set start timestamp only if this is first batch in a row
if self.tick start timestamp == None:
self.tick start timestamp = datetime.now ()
print (f"! batch {batch index} starts tick {tick} <>
{self.tick start timestamp}")
#Agents tick traversal
for agent in agent batch:
applied rule = await
self.async simulate agent tick(batch cypher, agent)
agent.initiate parameter change ()
print (f"{batch cypher} {agent.agent id}")
async with self.stats tracker lock:
self.stats tracker.async write record(tick,
batch index, agent, applied rule)
async with self.remaining iterations counter lock:
self.remaining iterations counter -= 1

if await self.is current batch last in cycle() == False:
await self.update batch completion flag()
while self.cycle completed == False:
await asyncio.sleep(self.tick interval / 10)
else:
self.cycle completed = True
tick end timestamp = datetime.now ()
tick interval = tick end timestamp -
self.tick start timestamp
async with self.time stats lock:
self.time stats.add stat(
tick interval.seconds,
tick interval.microseconds)
self.tick start timestamp = None
print (f"last batch: {batch index} ended tick <<
{tick end timestamp}")
async with self.completed cycle amount lock:
self.batches completed cycle amount = 0
await asyncio.sleep(self.tick interval)
self.cycle completed = False

self.emulation in progress = False
return agent batch

async def async simulate agent tick(self, batch cypher: str, agent:

"Agent") :
state = self.data.determine agent state (agent)
for rule in state.rules:
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new state = rule.interpret rule(
agent,
self.data.environment space)
if (new state != None):

async with self.agent stats lock:
self.agent stats.add agent state record(agent)
self.agent stats.add rule usage record(rule)
agent.apply new state(new state)
await self.logger.async log(f"{batch cypher}
{agent.agent id}: <{rule.rule id}> applied -> to state [{new state.name}]")
return rule
await self.logger.async log(f"{batch cypher} {agent.agent id} stays
in state [{state.state.name}]")
return None

async def update batch completion flag(self):
async with self.completed cycle amount lock:
self.batches completed cycle amount += 1

async def is current batch last in cycle(self):
async with self.completed cycle amount lock:
return (self.batches count -
self.batches completed cycle amount) ==

class Logger:

def init (self, filename: str):
self.filename = filename
self.counter lock = asyncio.Lock()
self.log counter =1
f = open(self.filename, mode='w'")
f.write("")
f.close()

async def async log(self, log str: str):
async with aiofiles.open(self.filename, mode='a') as f:
await f.write(f"{self.log counter} {log str}\n")
async with self.counter lock:
self.log counter += 1

class StatsTracker:

def init (self, filename: str):
self.filename = filename
self.rows = []
with open(self.filename, "w", newline='"') as f:
writer = csv.writer (f)
column headers = ["Tick", "Batch", "Agent ID", "State", "Rule"]

writer.writerow(column headers)

def async write record(
self,
tick: int,
batch index: int,
agent: "Agent",
rule: "Rule"):
row _data = [
tick,
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batch index,

agent.agent id,

agent.state.value,

rule.rule id if rule != None else "NONE"]

self.rows.append(row data)

async def async write all to file(self):

async with aiofiles.open(self.filename, mode="a") as f:
writer = csv.writer (f)
for row in self.rows:
await writer.writerow (row)

class AverageTracker:

def

def

__init  (self):

self.average = 0

self.counter = 1

track record(self, value: float):

self.average += (value - self.average) / self.counter
self.counter += 1
return self.average

class TimeStats (AverageTracker) :

def

def

__init (self, batches count: int):
super (TimeStats, self). init ()
self.batches count = batches count
self.values = []
self.average in milliseconds = 0

add stat (self, seconds: int, microseconds: float):
milliseconds = seconds * 1000 + microseconds / 1000
self.values.append(milliseconds)

self.average in milliseconds = self.track record(milliseconds)

class AgentStats():

def

def

def

__init (self, data: "Data"):
self.states usages = {}
for state in data.decision_ space:
self.states usages[state.state] = 0
self.rules usages = {}
for rule in range (data.rules counter):
self.rules usages[f"Rule {rule + 1}"] =0

add _agent state record(self, agent: "Agent"):
self.states usageslagent.state] += 1

add rule usage record(self, rule: "Rule"):
self.rules usages|[rule.rule id] +=1

class DependencyGraphFormatter:

def

__init |
self,
filename: str,



title: str,

xlabel: str,

ylabel: str):
self.filename = filename
self.added labels = False
plt.figure(figsize=(10, 8))
plt.xlabel (xlabel)
plt.ylabel (ylabel)
plt.title(title)
plt.grid(True)

def add plot(

self,
X values,
y values,
color: str,
marker: str,
linestyle: str,
label = ""):

plt.plot(
X values,
y values,
marker = marker,
linestyle = linestyle,
label = label,
color = color)

if label != "":
self.added labels = True

def format (self):
if self.added labels:
plt.legend()
plt.savefig(self.filename)
plt.show ()

# 3BbepexenHusa naHmx y JSON-odarn
def save generated data to json(data, filename):
with open(filename, "w") as f:
f.write (data.toJSON())

class ConfigurationTester:
def init (

self,

max batches count: int,

data: "Data",

cycles count: int,

tick interval: float,

logger: "Logger",

stats tracker: "StatsTracker"):
self.max batches count = max batches count
self.data = data
self.cycles count = cycles count
self.tick interval = tick interval
self.logger = logger
self.stats tracker = stats tracker



async def test configurations(self):
batches amounts = []
time stats = []
agent stats = []
using batch count = self.max batches count
while using batch count > 1:
batches amounts.append(using batch count)
game loop = GameTickEmulator (
self.data,
using batch count,
self.cycles count,
self.tick interval,
self.logger,
self.stats tracker)

print (f"\n---< TESTING WITH {using batch count} BATCHES >---
\n")
time stats tracker, agent stats tracker = await
game loop.async_run algorithm()
time stats.append(time stats tracker)
agent stats.append(agent stats tracker)
using batch count = int (using batch count / 2)
print ("<< Testing results: >>")
for time stat in time stats:
print (f"{time stat.batches count} batches avg:
{time stat.average in milliseconds} ms")
self.display tick durations by every batch config(time stats)
self.display avg tick durations by batches (batches amounts,
time stats)

def display tick durations by every batch config(

self,
time stats: MutableSequence["TimeStats"]):
formatter = DependencyGraphFormatter (

"tick durations by every batch config.png",
"Tick durations",

"Ticks",

"Duration, ms")

colors = ["red", "green", "blue", "yellow", "purple", "magenta"]
for 1 in range(len(time stats)):
formatter.add plot(

X values = range(self.cycles count),
y values = time stats[i].values,
color = colors([i],

marker = 'o',

linestyle = '-"',

label = f"{time stats[i].batches count} batches")
formatter.format ()

def display avg tick durations by batches(
self,
batches amounts: MutableSequencelint],
time stats: MutableSequence["TimeStats"]):

formatter = DependencyGraphFormatter (

"avg tick durations by batches.png",
"Average tick durations",
"Used batches",
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"Duration, ms")

avgs = []
for time stat in time stats:
avgs.append (time stat.average in milliseconds)

formatter.add plot(

X values = batches amounts,

y values = avgs,
color = "black",
marker = "|",

linestyle = None)
formatter.format ()

if name == " main ":

states amount = 6
num units = 1000

log filename = "decision log.txt"
logger = Logger (log filename)

stats filename = "test results.csv"

stats tracker = StatsTracker(stats filename)
data = Data(states amount, num units)

graph filename = "decision graph.png"

graph extra linkage rate = 0.7
graph = Graph(data, graph extra linkage rate)
graph.draw_and save decision graph(graph filename)

data json filename = "raw generated data.json"
save generated data to json(data, data json filename)

max batches count = 100
cycles count = 10
tick interval = 0.000005

tester = ConfigurationTester (
max_batches count,
data,
cycles count,
tick interval,
logger,
stats_ tracker)

asyncio.run(tester.test configurations())
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