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ABSTRACT

Hybrid warfare has been one of the topics of interest in recent years. This warfare has been given special
importance due to the involvement of different economic, political, social, military and similar layers and
its analysis has been complicated. Therefore, in addition to the need to upgrade the war game from the
traditional way to the hybrid field, its multi-layer modeling and simulation is one of the necessities of
today's war game. In this article, for the first time, by using the capabilities of the Python programming
language and inspired by NATO's multi-layer software in simulating such wars, an agent-based framework
has been developed for the development of modeling and Simulation of Hybrid warfare should be presented
and implemented in the form of a computer program using the pygame library and based on the Mesa
format as a modular framework for building, analyzing and visualizing agent-based models. The
presentation of this framework is the basis for the development of advanced simulations in the field of
Hybrid warfare as a new paradigm in modern wars and plays an effective role in creating defensive
capabilities in addition to offensive capabilities in this regard. The framework considered in this article has
been implemented in two general formats, first for modeling and simulating conventional warfare and then
for unconventional warfare (hybrid warfare). The second format includes upgrading the framework
introduced in conventional warfare to hybrid warfare by adding two layers of economic and cyber warfare.
The recent format shows that the existing simulation methods based on conventional warfare can be
developed into hybrid warfare simulation methods with agent-based modeling and by adding different levels
of warfare as separate topic layers.
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\ Class: Actor | Object: Agent
Attributes: Attributes:
- Capability - capability = random integer

between 0 and 10
- economic_capability = random integer

- economic_capability
- cyber_capability

- strategy between 0 and 10
- color - cyber_capability = random integer
" between0and 10
Methods: - strategy = attack
- step() - color = red or blue
Methods:
- step()

Class: HybridWarfare Object: Model

Attributes: Attributes:

- num_actors - num_actors = 32

- width - width = 100

- height - height = 100
Methods: » Methods:

- step() - step()

- RandomActivation() - RandomActivation()

- get_casualties()
- get_economic_casualties()
- get_cyber_casualties()

- get_casualties()
- get_economic_casualties()
- get_cyber_casualties()
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import pygame
import matplotlib.pyplot as plt

from mesa import Agent, Model

from mesa.space import MultiGrid

from mesa.time import RandomActivation
from tgdm import tgdm

import time
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Class: Actor Object: Agent
Attributes: Attributes:
- capability - capability = random integer between 0 and 10
- strategy - strategy = attack
- color - color = red or blue
Methods: Methods:
- step() - step()
Class: Warfare Object: Model
Attributes: Attributes:
- num_actors - num_actors = 32
- width - width =100
- height - height = 100
Methods: Methods:
- step(] - step()
- RandomActivation() - RandomActivation()
- get_casualties() - get_casualties()
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Iy S5k o pl, Actor oIS 5l step ais .oges ol 1) glae
:A.:S‘_,’.n 65@0&1.3
—| def step(self):
# Implement actor's strategy
as if self.strategy == "attack™:
Glawr 5 SO ol skt "alox" 5,001, S
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[if self.strategy == "a
# Find neighboring with other actors
neighbors = self.model.grid.get neighbors(self.pos,...
moore=True, include center=False)
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# Check if the target is defeated
if target.capability <= 0:

self.model.grid.remove agent (target)
self.model.schedule.remove (target)
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class Warfare (Model):
def init (self, num actors, width, height):

def step(self):

def get casualties(self):
9 A 8,5 bl Ao (550 9 Job lal Sl 5o
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schedule  grid .num_actors ol sl 554 Jol—i

# Define colors for the actors
RED = (255, 0, 0)
GREEN = (0, 233,
BLUE = (0, 0, 255)
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class Actor (Rgent):
class Warfare (Model) :
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class Actor(Rgent):
def init (self, unigque id, model):
def step(self):
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class Actor (Agent) :
def init (self, unique id, model):
super()._ init_ (unique_id, model)
# Assign random capabilities to each actor
self.capability = self.random.randint(l, 10)
# Set strategy to "attack" for all actors

self.strategy = "attack"
self.color = None
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# Print the outcome of the simulation
if model.winner:
else:

print(“"Casualties:", model.get casualties())

# Plot the casualties over time
plt.plot(model.casualties)
plt.title("C 5 over time™)
plt.xlabel ("
plt.ylabel("Casualties™)
plt.show()

# Create a report on the simulation
report =

print (report)

# Quit Pygame
pygame.quit ()
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Warfare Simulation - *
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def init (self, num actors, width, height):

self.num_actors = num_actors

self.grid = MultiGrid{width, height, torus=True)

self.schedule = RandomActivation(self)
self.casualties = []

# Create actors

for i in range(self.num actors):
actor = Actor (i, self)
#Assign colors toactors
actor.color = RED if 1 % 2 == 0 else BLUE
self.schedule.add(actor)
® = self.random.randrange(self.grid.width)
v = self.random.randrange(self.grid.height)
self.grid.place agent(actor, (x, y))

self.running = True
self.winner = None
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if num alive
elif rum alive

1:
:.elt.cazua_:les.append(se_t.nLn._actcrs = len(self.schedule.agents))
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if name == " ° _
# Tnitialize Pygames
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class HybridWarfare (Model):
def init (self, num actors, width, height):

def step(self):

def get casualties(self):

def get econcomic caszualties(self):

def get cyber casualties(self):
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if pame == main

vy T

screen = pygame.display.set_m
pygame.display.set_caption("Hy

# Create model
model = HybridWarfare (num actors=32, width=100, height=100)

# Main simulation loop
with tgdm(total=100) as pbar:

# Optional delay to slow down the simulation
# time.sleep(0.1)

print ("0
print(
print("C

@l Bolar e bl o ghls S50 2 3 Coz e 0
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, model.get_casualties())
", model.get_econcmic casualties())
', model.get cyber casualties())
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g o 08l ob a5 hybrid warfare
import pygame
import matplotlib.pyplot as plt
from mesa import Agent, Model
from mesa.space import MultiGrid
from mesa.time import RandomActivation
from tgdm impert tgdm
import time

# Define colors for the actors
RED = (255, O,
GREEN = (0, 233,

BLUE = (0, 0, 233)

class Actor (Agent):

class Hybridwarfare (Model) :

m.

if name == " main
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class Actor(Rgent):

def init (self, unique id, model):
super(). init (unique id, model)
self.capability = self.random.randint (L, 10)
self.strategy = "attack" # Set strategy to "attack"
self.color = None
self.economic capability = self.random.randint(l, 10)
self.cyber capability = self.random.randint(l, 10)

def step(self):
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