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To complete your task, you need to look at the images, describe their logic, and propose Boolean calculation rules. The original images contain logical structures
represented as cubes and their unions. Let's analyze them step by step:

#i#t# 1. **Cubes: Logical Structures**
Each cube in the image is a set of Boolean variables organized in a grid shape. The cube nodes represent possible values of the Boolean variables, and the edges
show possible transitions (changes in one variable at a time).

#it#Ht **Basic principles of constructing cubes: **

1. **Number of nodes:** \(2”n\), where \(n\) is the number of Boolean variables. For example:

- For a cube with 3 variables (\(x_1, x_2, x_3\)) nodes are denoted \(000, 001, 010, 011, 100, 101, 110, 111\).

2. **Edges:** Connect nodes where only one variable changes value (Hamming Distance = 1). For example:

- Node \(000\) is connected to \(001\), \(010\), \(100\).

3. **Colors:** Reflect logical operations or groups of variables. For example, red, blue, and green edges can represent XOR, AND, OR operations.

#iH# **Example of computations within one cube:**

- Let nodes represent states of Boolean variables \(A, B, C\).

- The result of each vertex (e.g. \(101\)) is calculated through a logical combination, e.g.:
\[

R(101) = A\land \neg B \land C

\l

### 2. **Synthesis, Antithesis and Thesis**
These three cubes at the top of the image can be interpreted as logical expressions:

1. ¥**Synthesis:** Represents a combination of variables, where \(A \lor B\).
2. **Antithesis:** Uses the opposite states of variables, e.g. \( \neg A \land B\).
3. **Thesis:** Shows the original expression, e.g. \(A \land B\).

#i#t##t **Boolean logic for union (syllogism):**

The transition from thesis and antithesis to synthesis can be used for the following operations:
- Conjunction (AND): \( R = (A \lor B) \land (\neg A \lor \neg B) \)

- Disjunction (OR): \( R = (A\lor B) \lor (\neg A \land B) \)

XOR: \( R = (A\lor B) \oplus (\neg A \land \neg B) \).

#it# 3. **Modeling graph (union)**
The central structure depicts the transition between the states of different cubes. It is a union of Boolean graphs through the following steps:

1. **Graph nodes:** Represent combinations of variables from all cubes. For example, node \(010\) describes the state of the variables.

2. **Edges:** Logical transitions (change of one variable) that connect states between cubes.

3. **Union operations:**

- A logical transition can be represented as a Boolean operation. For example, the transition \(A=0, B=1 \rightarrow A=1, B=1\) can be described as:
\[

(A'=A\lor B) \land (B'=B)

\l

#it#Ht **Example model analysis:**

- Nodes \(000, 001, 010, \dots, 111\) describe all possible states of the system.

- For each node, the value of the transition function can be calculated, for example:
\[

f(x, y, z) = (x \oplus y) \land (z \lor x).

\Y

#it# 4. **Overall result of a syllogism**
Union of cubes with the result shows the resulting logic. This is a general graph where each node and edge is calculated based on the previous operations.

#it#Ht **Rules for a syllogism:**

1. Construct a general graph from three cubes.

2. Determine the Boolean operations at each stage (synthesis, antithesis, thesis).
3. Final expression for the result:

\[

R_{\text{result}} = (A \land B) \lor (\neg A \land C).

\l

#it# 5. **Analyze the bottom part (group)**

The bottom image shows symmetric groups:

1. **Cyclic groups (e.g. \(C_3\)):**

Denotes repetitions of symmetry in logic.

2. **Direct product (\(C_2 \times C_3\)):**

Combines systems of Boolean expressions into more complex structures.

#iH# **Usage:**
These groups can be interpreted to describe invariant properties, such as repeating patterns or regularities.

If you need to formalize specific examples of computations for any part of the image, please specify and | will write the full algorithm or pseudocode.



Let's formalize the calculations for the two key parts of the image: **the structure of a single cube** and **the union of cubes (syllogism)**. I'll break the
process down into steps with concrete examples.

## **1. Inside a single cube (logical structure)**
Consider a simple cube with 3 variables: \(A, B, C\). The nodes of the cube correspond to all possible combinations of the variables \(A, B, C\) (000, 001, ..., 111).

### **Logical calculations for a single node:**
Each node calculates the value of the function \(F(A, B, C)\). Let the function be defined as:

\\i
F(A, B, C) = (A \land \neg B) \lor (C \oplus A).

##H## **Calculation steps:**

1. Determine the variables \(A, B, C\) for each node. For example:
- Node \(010\): \(A=0,B=1,C=0\).

- Node \(101\): \(A=1,B =0, C=1\).

2. Substitute the values of the variables into the function \(F(A, B, C)\):
- For node \(010\):

é[(o, 1,0) = (0 \land \neg 1) \lor (0 \oplus 0) =0 \lor 0 = 0.

}]For node \(101\):

E][(L 0,1) = (1 \land \neg 0) \lor (1 \oplus 1) = 1 \lor 0= 1.

3. Write down the result for each node.

| Node | \(A\) | \(B\) | \(CY) | \(F(A, B, O)\) |
[ |- |- |- [ =rmmememeeeee |
[\(0o0\) [0 [O]O]|O]
[\©001\) [0 ]O]1]1]
[\010\) [0 [1]0]|O]
[\O11\) O] 1]1]1]

[\100\) [1]0]0|1]

[\M101\) [1]0]21]1]

[\M110\) 1101

N1 112 ]1]

#### **Transition graph:**
- Nodes are connected by edges where exactly one variable changes.
- For example, the transition from \(000\) to \(001\) corresponds to \(C = C \oplus 1\).

## **2. Union of cubes: Synthesis, Antithesis, and Thesis**
Now consider the union of three cubes to construct a syllogism.

#it# **Definitions:**

- **Synthesis** (\(S\)): \(S(A, B, C) = A\lor (B \land C)\).

- **Antithesis** (\(T\)): \(T(A, B, C) = (\neg A \land B) \lor C\).
- **Thesis** (\(P\)): \(P(A, B, C) = (A \land B) \lor (\neg C)\).

### **General result:**
The resulting function \(R(A, B, C)\) combines synthesis, antithesis and thesis:

\[
R(A, B, C) = S(A, B, C) \land T(A, B, C) \land P(A, B, C).

#### **Example of calculations:**
1. Select the value of the variables: \(A=1,B=0,C=1\).

2. Calculate each component:
- ¥*Synthesis**:

\\i

S(1,0,1)=1\lor (0 \land 1) = 1.

\l

- ¥*Antithesis**:

\\i

T(1,0,1)=(\neg 1 \land 0) \lor1=0\lor1=1.
\l

- ¥*Thesis**:

\[

P(1,0, 1) = (1 \land 0) \lor (\neg 1) =0 \lor 0= 0.
\l



3. Overall result:

\[

R(1,0,1)=S\land T\land P =1 \land 1 \land 0= 0.
\]

#it## **Results for all nodes:**
We perform calculations for all combinations of \(A, B, C\), obtaining a table.

| Node [ \(A\) | \(BY) | \(C\) | \(S(A, B, C)\) | \(T(A, B, C)\) | \(P(A, B, C)\) | \(R(A, B, C\) |
[ [ [ I | | | I

[\(coo\) [o|ojo]olO|1]0]|

[\oo1\)[ojof1]1]1]1]1]|

[\(010\) |o|1]0]1]0|0]O]|

[\o11\)[o|1|1]1]1]1]1]|

[\(1o0\) [1]0O0]1]0|1]0]

[\(101\)[1]0|1]1]1]0]O]

[\110\) [1]1]0]1]0|1]0]

(Ve AV i Y I I A O A

##H# **3. Merge Graph**

The graph merges cube states using transitions:

- ¥**Edges:** Connect nodes that differ by a single variable.

- **Transition Logic:** Uses XOR to determine changes:

\[

f_{\text{transition}}(A, B, C, A", B, C') = (A \oplus A') \lor (B \oplus B') \lor (C \oplus C').
\]

Below is Python code that implements the computation for a cube (lattice) of Boolean variables and the overall result for a syllogism (Synthesis, Antithesis,
Thesis).

### **Python code**

““python
from itertools import product

# Defining Boolean functions

def synthesis(A, B, C):

"""Synthesis function: S(A, B, C) = A OR (B AND C)"""
return A or (B and C)

def antithesis(A, B, C):
"""Antithesis function: T(A, B, C) = (NOT AAND B) OR C"""
return (not A and B) or C

def thesis(A, B, C):
"""Thesis function: P(A, B, C) = (A AND B) OR (NOT C)"""
return (A and B) or (not C)

def result(A, B, C):

"""General result of the syllogism: R(A, B, C) =S AND T AND P"""
S= synthesis(A, B, C)

T = antithesis(A, B, C)

P = thesis(A, B, C)

return Sand Tand P

# Generate all possible combinations of variables (for 3 variables)
variables = list(product([0, 1], repeat=3)) # (A, B, C)

# Calculate results for all nodes
results =[]

for A, B, Cin variables:

S = synthesis(A, B, C)

T = antithesis(A, B, C)

P = thesis(A, B, C)

R =result(A, B, C)
results.append((A, B,C,S, T, P, R))

# Output the results table

print(f'{'A":<3} {'B":<3} {'C":<3} {'S"<3}{'T":<3} {'P":<3} {'R":<3}")

for res in results:

print(f"{res[0]:<3} {res[1]:<3} {res[2]:<3} {res[3]:<3} {res[4]:<3} {res[5]:<3} {res[6]:<3}")



#i#t# **Code Description**

1. **Boolean Operation Functions:**

- ‘synthesis(A, B, C)" implements synthesis.

- ‘antithesis(A, B, C)' implements antithesis.

- ‘thesis(A, B, C)" implements thesis.

- ‘result(A, B, C)' combines synthesis, antithesis, and thesis using a logical conjunction (AND).

2. **Trying through all combinations:**
- ‘product([0, 1], repeat=3) generates all combinations of \(A, B, C\) values (000, 001, ..., 111).

3. **Calculations for each combination:**
- For each combination of variables, \(S, T, P, R\) values are calculated.
- The results are written to the ‘results’ list.

4. **Table output: **
- The table outputs the values \(A, B, C, S, T, P, R\) for each combination.

#it# **Sample output**

ABCSTPR
0000010
0011111
0100000
0111111
1001010
1011100
1101010
1111111

#it# **Visualizing the transition graph (optional)**
If you need to visualize the cube and the transition graph, you can use the **'networkx'** and **'matplotlib™** libraries. Here's an example:

“*python
import networkx as nx
import matplotlib.pyplot as plt

# Create a graph for the cube
G = nx.Graph()

# Add nodes (state variables)
for state in variables:
G.add_node("".join(map(str, state)))

# Add edges (logical transitions between states)

for statel in variables:

for state2 in variables:

# Transition if only one variable differs

if sum(a !=b for a, b in zip(statel, state2)) == 1:
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))

# Draw the graph

pos = nx.spring_layout(G) # Node positions

nx.draw(G, pos, with_labels=True, node_color="lightblue", node_size=3000, font_size=10)
plt.title("Transition graph (cube)")

plt.show()



Here is the updated code that allows you to add more functionality to other cubes and includes advanced visualization where results are displayed on nodes with
color coding or labels.

## **Updated code**

““python

from itertools import product
import networkx as nx

import matplotlib.pyplot as plt

# Defining Boolean functions for multiple cubes

def synthesis(*vars):

"""Synthesis function: S(vars) = OR(vars[0], AND(vars[1:]))"""
A, *rest = vars

return A or all(rest)

def antithesis(*vars):

"""Antithesis function: T(vars) = (NOT(vars[0]) AND vars[1]) OR vars[-1]"""
A, B, *rest = vars

return (not A and B) or rest[-1]

def thesis(*vars):
"""Thesis function: P(vars) = AND(vars[:2]) OR NOT(vars[-1])"""
return all(vars[:2]) or not vars[-1]

def result(*vars):

"""The overall result of the syllogism: R(vars) =S AND T AND P"""
S = synthesis(*vars)

T = antithesis(*vars)

P = thesis(*vars)

return Sand T and P

# Custom function for the new cube (example)

def custom_function(*vars):

"""Example function for the new cube: XOR all variables
return sum(vars) % 2

# Generate all combinations for n variables
def generate_states(n):

"""Generate all states for n variables
return list(product([0, 1], repeat=n))

# Build the graph of the Boolean cube
def build_graph(states):
"""Build graph for states
G = nx.Graph()

nodes = ["".join(map(str, state)) for state in states]

# Add nodes
G.add_nodes_from(nodes)

# Add edges (if one variable is different)

for statel in states:

for state2 in states:

if sum(a !=b for a, b in zip(statel, state2)) == 1:
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))

return G

# Compute for multiple cubes
def compute_multiple_cubes(n):
"""Compute for all cubes"""
states = generate_states(n)
results =[]

for state in states:

S = synthesis(*state)

T = antithesis(*state)

P = thesis(*state)

R = result(*state)

C = custom_function(*state) # Result of the new function
results.append((*state, S, T, P, R, C))



return results

# Advanced graph visualization

def visualize_graph(G, results, n, title="Boolean Cube Graph"):
"""Graph visualization with results"""

pos = nx.spring_layout(G) # Node layout

node_colors =[]

labels = {}

for node in G.nodes:

# Convert node label to state

state = tuple(map(int, node))

# Find the corresponding result

for res in results:

if state == res[:n]:

# Color based on the result of the overall (R)
color ="green" if res[n+3] else "red"
node_colors.append(color)

# Node label (show results of all functions)
labels[node] = f"{node\nS:{res[n]} T:{res[n+1]} P:{res[n+2]} R:{res[n+3]} C:{res[n+4]}"
break

# Draw the graph

nx.draw(G, pos, with_labels=True, labels=labels, node_color=node_colors,
node_size=3000, font_size=8, font_color="white")

plt.title(title)

plt.show()

# Main code

if _name__=="__main__":
# Number of variables

n = 4 # Specify any value for n (e.g. 4 for 4 variables)

# Generate all states
states = generate_states(n)

# Build the graph
G = build_graph(states)

# Compute the results
results = compute_multiple_cubes(n)

# Print the results table

print(f'{'State':<10} {'S":<3} {'T":<3} {'P":<3} {'R":<3} {'C":<3}")

for res in results:

state_str = "".join(map(str, res[:n]))

print(f"{state_str:<10} {res[n]:<3} {res[n+1]:<3} {res[n+2]:<3} {res[n+3]:<3} {res[n+4]:<3}")

# Graph visualization
visualize_graph(G, results, n, title=f"Graph of a Boolean cube with {n} variables")

## **Description of changes**

#it# **1. New function for another cube**
Added “custom_function®, which implements XOR of all variables. You can add more such functions implementing arbitrary logical operations.

#it# **2. Advanced visualization**

Visualization now:

- Uses color codes for nodes:

- Green (‘green’) for nodes where the result of the general expression (\( R \)) is 1.

- Red (‘red’) for nodes where \(R=0).

- Includes text labels for each node:

- The label shows the states of variables and the values of all functions (\(S, T, P, R, C\)).

### **3, Flexibility of the number of variables**
The number of variables \( n'\) is set by a parameter. All calculations and visualization automatically adapt to the size of the state space (\( 2*n\)).



## **Example output**

HitH **Table**
For\(n=4\):

StateSTPRC
000000100
000101101
001000101
001101100
010000001
010101100

#it# **Graph**
- Nodes are colored depending on the result of \( R \): green for \(R=1\), red for\(R=0).
Nodes are labeled with the values of all functions (\(S, T, P, R, C\)).

To extend the code to include additional functionality for other cubes, new edge connection rules, and add 3D visualization, the following modifications can be
used.

## **Updated code**

““python

import matplotlib.pyplot as plt

import networkx as nx

from itertools import product

from mpl_toolkits.mplot3d import Axes3D

# Boolean functions for different cubes
def synthesis(*vars):

"""Synthesis: OR(vars[0], AND(vars[1:]))"""
A, *rest = vars

return A or all(rest)

def antithesis(*vars):

"""Antithesis: (NOT(vars[0]) AND vars[1]) OR vars[-1]"""
A, B, *rest = vars

return (not A and B) or rest[-1]

def thesis(*vars):
"""Thesis: AND(vars[:2]) OR NOT(vars[-1])"""
return all(vars[:2]) or not vars[-1]

def custom_function_1(*vars):
"""Custom function: XOR all variables
return sum(vars) % 2

def custom_function_2(*vars):
"""Custom function: (vars[0] AND vars[-1]) XOR (NOT(vars[1]))"""
return (vars[0] and vars[-1]) ~ (not vars[1])

# Generate all states for n variables
def generate_states(n):
return list(product([0, 1], repeat=n))

# Build graph with edge dependencies

def build_graph(states, dependency_func=None):
G = nx.Graph()

nodes = ["".join(map(str, state)) for state in states]
G.add_nodes_from(nodes)

for statel in states:

for state2 in states:

# Add an edge if the dependency function is executed

if dependency_func:

if dependency_func(statel, state2):
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))
# Otherwise, join states that differ by one variable

elif sum(a !=b for a, b in zip(statel, state2)) == 1:
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))
return G



# Edge connection rule: function dependency

def edge_dependency_rule(statel, state2):

"""An edge is added if XOR(statel, state2) = 1 for the last variable"""
xor_diff = [a A b for a, b in zip(statel, state2)]

return xor_diff[-1] == 1 and sum(xor_diff) == 1

# Compute for all functions

def compute_functions(states, functions):

results =[]

for state in states:

results.append((*state, *[func(*state) for func in functions]))
return results

# Visualize in 2D

def visualize_graph_2d(G, results, n, functions, title="2D Boolean Cube"):
pos = nx.spring_layout(G)

labels = {}

node_colors =[]

for node in G.nodes:

state = tuple(map(int, node))

for res in results:

if state == res[:n]:

labels[node] = f"{node}\n" + " ".join([f"F{i+1}:{res[n+i]}" for i in range(len(functions))])
node_colors.append("green" if res[n] else "red") # Color for the first function

break

nx.draw(G, pos, with_labels=True, labels=labels, node_color=node_colors,
node_size=3000, font_size=8, font_color="white")

plt.title(title)

plt.show()

# Visualization in 3D

def visualize_graph_3d(G, results, n, functions, title="3D Boolean Cube"):
fig = plt.figure()

ax = fig.add_subplot(111, projection="3d")

pos = nx.spring_layout(G, dim=3)

node_colors =[]

labels = {}

for node in G.nodes:

state = tuple(map(int, node))

for res in results:

if state == res[:n]:

labels[node] = f"{node}\n" + " ".join([f"F{i+1}:{res[n+i]}" for i in range(len(functions))])
node_colors.append("green" if res[n] else "red") # Color for the first function

break

# 3D coordinates

xyz = [pos[node] for node in G.nodes]

fori, (x, y, z) in enumerate(xyz):

ax.text(x, y, z, list(G.nodes)[i], fontsize=8)

edges = list(G.edges)

for edge in edges:

x_coords, y_coords, z_coords = zip(*[pos[edge[0]], pos[edge[1]]])
ax.plot(x_coords, y_coords, z_coords, color="black")

ax.scatter(*zip(*xyz), c=node_colors, s=100)
plt.title(title)
plt.show()

# Main code

if _name__=="__main__":
n = 4 # Number of variables
states = generate_states(n)

# Functions for calculations
functions = [synthesis, antithesis, thesis, custom_function_1, custom_function_2]

# Building the graph
G = build_graph(states, dependency_func=edge_dependency_rule)

# Computations
results = compute_functions(states, functions)

# Result table
print(f"{'State':<10} " + " ".join([f"F{i+1}" for i in range(len(functions))]))
for res in results:



state_str = "".join(map(str, res[:n]))
function_values =" ".join(map(str, res[n:]))
print(f"{state_str:<10} {function_values}")

# 2D visualization
visualize_graph_2d(G, results, n, functions, title="2D Boolean cube with extended functions")

# 3D visualization
visualize_graph_3d(G, results, n, functions, title="3D Boolean cube with extended functions")

## **Explanation of changes**

1. **More functions for other cubes:**
- Added ‘custom_function_1" and ‘custom_function_2" functions as examples of new boolean operations.
- Additional functions can be easily added by simply defining them and including them in the “functions" list.

2. **Special rules for edge connections: **
- Implemented ‘edge_dependency_rule’ function, which adds an edge between states if their XOR difference matches the given rule.
- The graph is built taking into account the dependency specified through this function.

3. **3D visualization: **

- The graph is visualized in 3D using ‘'matplotlib™ (module ‘Axes3D").
- Nodes are located in 3D space, and labels and colors represent the state.

#i# **How to use**
1. Change the number of variables by setting the value to 'n".

2. Add new functions to the “functions’ list and describe them.
3. If necessary, refine the rules for edge connections in the ‘edge_dependency_rule’ function.

This code allows you to perform advanced calculations and analyze the interaction of many Boolean cubes in a convenient graphical format.



To formalize the thesis **"There is no turning back in life"** in the context of Boolean algebra and logical operations, we can think of this idea as a statement
describing a one-way or irreversible state.

#it# **Interpretation**

- The Boolean approach allows us to interpret this statement in terms of the state of the system, where:

- The variables represent different aspects or stages of life (e.g., events, actions, decisions).

- "Irreversibility" can be expressed through a logical function that ensures that transitions from one state to another do not return the system to the previous
state.

#i#t# **Mathematical Model**

1. **States**: Let \( n \)-bit states \( S \) model life stages.

2. **Thesis (function)**:

\\I

F_{\text{thesis}}(S_{\text{current}}, S_{\text{next}}) =

\begin{cases}

1, & \text{if } S_{\text{next}} > S_{\text{current}} \text{ (progress)} \\
0, & \text{otherwise (reverse path is prohibited).}

\end{cases}

\]

This condition can be calculated through a bitwise comparison or through a comparison of the numeric values of the states:
\\i

F_{\text{thesis}}(S_1,S_2)=(S_1<S_2)

\l

3. **Boolean analysis**:
If the current life is a sequence of states, then logic states that any state \( S_1\) should not return to the previous \(S_2 ).

### **Example in code**
We will implement a function for calculating this thesis.

““python

# Thesis function: Life has no reversible

def thesis_life_not_reversible(statel, state2):
"""Determines whether a transition is irreversible.
return int(int("".join(map(str, statel)), 2) < int("".join(map(str, state2)), 2))

# Test states
states = generate_states(3) # All states for 3 bits
results =]

# Calculate thesis for all pairs

for statel in states:

for state2 in states:

result = thesis_life_not_reversible(statel, state2)
results.append((statel, state2, result))

# Print results

print(f"{'State1':<10} {'State2':<10} Thesis")
for res in results:

s1=""join(map(str, res[0]))

s2 ="".join(map(str, res[1]))
print(f"{s1:<10} {s2:<10} {res[2]}")

#it# **Output**
The results will show which states are allowed (1) and which violate the rule (0).

Example for a three-bit system:

Statel State2 Thesis
0000011
0000101
0000111
0001001
001 0000
0100010



#it# **Extension**

1. **Graphical Visualization**:

- Create a state graph where edges exist only for legal transitions (thesis = 1).
- You can add color or shape to the nodes for clarity.

2. **Logical Analysis**:
- Explore how the thesis restricts possible paths in the state space.
- Consider the consequences if a state violates the thesis.

Let's implement a visualization for the thesis *"Life has no return"* as a graph. We will show legal transitions between states (edges for thesis = 1) and label the
nodes that represent states.

### Code with visualization:

“*python

import matplotlib.pyplot as plt

import networkx as nx

from itertools import product

from mpl_toolkits.mplot3d import Axes3D

# Function to calculate thesis: Life has no return path
def thesis_life_not_reversible(statel, state2):

"""Determines whether the transition is irreversible.
return int(int("".join(map(str, statel)), 2) < int("".join(map(str, state2)), 2))

# Generate all possible states for n variables
def generate_states(n):
return list(product([0, 1], repeat=n))

# Build a graph for visualization

def build_graph_thesis(states):

G = nx.DiGraph() # Use a directed graph

nodes = ["".join(map(str, state)) for state in states]
G.add_nodes_from(nodes)

# Add edges based on thesis

for statel in states:

for state2 in states:

if thesis_life_not_reversible(statel, state2): # Add only valid transitions
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))

return G

# 2D visualization

def visualize_graph_2d_thesis(G, title="2D Thesis Visualization"):

pos = nx.spring_layout(G) # Automatic node layout

nx.draw(G, pos, with_labels=True, node_color="skyblue", node_size=2000, font_size=10, font_color="black", arrowsize=20)
plt.title(title)

plt.show()

# 3D visualization

def visualize_graph_3d_thesis(G, title="3D Visualization of the Thesis"):
fig = plt.figure()

ax = fig.add_subplot(111, projection="3d")

pos = nx.spring_layout(G, dim=3) # 3D node layout
xyz = [pos[node] for node in G.nodes]

# Node visualization
ax.scatter(*zip(*xyz), c="skyblue", s=100)

# Node labels

for i, node in enumerate(G.nodes):

X, Y, z = xyz[i]

ax.text(x, y, z, node, fontsize=10, ha="center", color="black")

# Edge visualization

for edge in G.edges:

x_coords, y_coords, z_coords = zip(*[pos[edge[0]], pos[edge[1]]])
ax.plot(x_coords, y_coords, z_coords, color="black", alpha=0.8)

plt.title(title)
plt.show()

# Main code
if__name__=="__main__":
n = 3 # Number of variables (state length)
states = generate_states(n)



# Build the graph
G = build_graph_thesis(states)

# 2D visualization
visualize_graph_2d_thesis(G, title="2D Visualization: Life Has No Return")

# 3D visualization
visualize_graph_3d_thesis(G, title="3D Visualization: Life Has No Return")

#it# **Code explanation**

1. ¥*Generate states:**
- All possible states of the system of length \( n'\) are generated as binary numbers (e.g. for \( n=3\): '000°, 001", ..., "111°).

2. **Directed graph:**
- A directed graph (*DiGraph®) is used to reflect the one-directional nature of life.
- Edges are added only for transitions where \( F_{\text{thesis}}(S_1,S_2)=1\).

3. **2D Visualization:**
- The graph is displayed using ‘'matplotlib™ and “networkx’.
- Nodes are states, edges are valid transitions.

4. **3D Visualization:**
- Nodes are located in 3D space ('spring_layout(dim=3)).
- Nodes are labeled, and edges connect them.

#it# **How it works**

1. *¥*2D Visualization**:
- Nodes (states) are located on a plane.
- Edges show valid transitions according to the thesis.

2. **3D Visualization**:

- A more complex and interactive representation of the graph.
- Nodes are laid out in 3D space, allowing you to see their relationships.

#it# **Example Result**

#itHt **2D Graph**

- Nodes: states \( \{000, 001, ..., 111\}\).

- Edges: only valid transitions, where \(S_1<S_2\).

#itHt **3D Graph**
- Spatial representation of nodes and edges.

If you want to add interactivity (like rotating a 3D graph), you can do so with libraries like “plotly” or “pyvista". Let me know if you need it!



[Lns BbINOSIHEHMA Balleil 3a4a4mn TpebyeTca pacCMOTPeTb 306paXKeHMUs, ONMUCaTb UX IOTUKY M NPEAIoKMTL ByneBbl NpaBuia BblYMCIEHUIA. B
MCXOAHbIX U306pasKeHMAX HabNOAAIOTCA IOTMYECKME CTPYKTYPbI, MPeACTaBNeHHble B BUAe Ky60oB 1 nx obbeamHeHuin. [Jasaite pasbepém mx
noLIaroBo:

#it# 1. **Kybbl: Jlornyeckme cTpyKkTypbI**
Kaablii Kyb B 306parkeHnn npeacraBaseT coboit MHOXKeCTBO 6y/1eBbIX NEPEMEHHbIX, OPraHN30BaHHbIX B GOPMY PeLIETKM. Y3/bl Kyba 0603HavatloT
BO3MOMHble 3HaUeHUn ByneBbIx NEPEMEHHbIX, @ PEBpPa NOKa3bIBAOT BO3MOXKHbIE Nepexoabl (M13MeHeHNe 0AHON NepemMeHHO 3a pas).

#it## **OcHOBHbIE NPUHLMMbI NOCTPOEHUA Ky6oB: **
1. **Konuuectso y3nos:** \(2”n\), rae \(n\) — Konnuectso bynesbix nepemeHHbIX. Hanpumep:
- Ans ky6a c 3 nepemennbimum (\(x_1, x_2, x_3\)) y3abl o6o3HauatoTca \(000, 001, 010, 011, 100, 101, 110, 111\).
2. ¥*Pg6pa:** CoegMHAIOT y3/1bl, B KOTOPbIX TO/IbKO OAHA NepemMeHHas meHsaeT 3HadyeHue (Hamming Distance = 1). Hanpumep:
- Y3en \(000\) coeamnén ¢ \(001\), \(010\), \(100\).
3. ¥*Lgeta:** OTpaKatoT I0rMYecKne onepaLmm Uamn rpynnbl NepemeHHbIX. Hanpumep, KpacHble, CMHWE, 1 3enéHble péBpa MoryT NpeacTaBsaTb
onepaumm XOR, AND, OR.

#### **Nprmep BbIYUCNEHNI BHYTPU OAHOTO Kyba:**

- MycTb y31bl NPEACTaBAAIOT COCTOAHMA ByneBbix nepemeHHbIx \(A, B, C\).

- PesynbTaT Kaskaom BepmnHbl (Hanpumep, \(101\)) BblumcnseTca Yepes OrMYecKoe codeTaHne, Hanpumep:
\l
R(101) = A\land \neg B \land C
\\

### 2. **Cunres, AHTUTE3UC U Teaunc**
37K Tpu Kyba Ha BEPXHEN YacTu n306paskeHns MOryT BbiTb MHTEPMPETUPOBAHbI KaK IOFMYECKME BblpaXKeHUs:

1. **CuHres: ** Mpeacrasnaet KombuHaumio nepemeHHblx, rae \(A \lor B\).
2. **AHTUTe3unc:** UcnonbsyeT NPOTMBOMNO/OMHbIE COCTOAHUA NepemeHHbix, Hanpumep, \( \neg A \land B \).
3. **Te3snc:** MokasbiBaeT UcxoaHoe BblpaxkeHue, Hanpumep, \(A \land B\).

#it## **Bbynesa norvka ans obvesuHeHun (cunnorusm):**

Mepexoa OT Te3nca M aHTUTE3NCA K CUHTE3Y MOKET UCMOJIb30BaTLCA AJ1A C/IeAYIOLLMX ONepaLmii:
- KoHbloHkumsa (AND): \( R = (A \lor B) \land (\neg A \lor \neg B) \)

- AunsbioHkuma (OR): \( R = (A \lor B) \lor (\neg A \land B) \)

- XOR:\(R=(A\lor B) \oplus (\neg A\land \neg B) \).

### 3. **pad mospennposanus (0b6begnHeHne)**
LleHTpanbHas CTPYKTypa U306pakaeTr Nnepexos MexKay COCTOAHUAMM pa3HbIX Ky6oB. ITo 06beanHeHMe Bynesbix rpados Yepes cieAyoLMe Wark:

1. **BepwuHbl rpada:** NpeacTaBnaoT KOMBUHALMK NepemMeHHbIX 13 Bcex Kybos. Hanpumep, seplunHa \(010\) onucbiBaeT cOCTOSHME NEPEMEHHbIX.
2. ¥*Pébpa:** Nlornyeckne nepexoabl (M13MEHEHNE OAHOWM NEPEMEHHOW), KOTOPbIE COEAUHAIOT COCTOAHUA MeXay Kybamu.
3. **Onepauumn obbegmHeHus: **
- Nlornyeckmin nepexos MOXeT BbITb NpeacTaB/ieH Kak bynesas onepauus. Hanpumep, nepexog \(A=0, B=1 \rightarrow A=1, B=1\) mo}Ho onucatb

KaK:

\(

(A'=A\lor B) \land (B' = B)

\]

#### **Npumep aHanusa mogenm:**
- Y3561 \(000, 001, 010, \dots, 111\) onucbIBaloT BCe BO3MOKHbIE COCTOAHUA CUCTEMBI.
- AnA KaxaoW BEPLUMHbBI MOXKHO BbIYUCIUTL 3HaYeHWe GyHKUUM Nepexoaa, Hanpumep:
\[
f(x, y, z) = (x \oplus y) \land (z \lor x).
\l

##t# 4. **O6wmit pesynbTaT cuanornsma**
O6beanHeHne KyboB C pe3ynbTaTOM NOKasbiBaeT UTOTOBYIO IOTUKY. OTo 06wumii rpad, rae Kaxaan BepwmnHa u pébpa BbIUMCAAIOTCA Ha OCHOBE
npeablayLmx onepawmmn.

##H## **Npasuna ans cuanornsma:**
1. MocTpoeHue obuiero rpada n3 Tpéx Kybos.
2. OnpegfeneHue byneBbix ONepaLmii Ha KaxaoMm 3Tane (CUHTE3, aHTUTE3UC, Te3uc).
3. Torosoe BbipaXkeHue gna pesynbraTta:
\[
R_{\text{utor}} = (A \land B) \lor (\neg A \land C).
\]

### 5. **AHanu3 HUXKHeW YacTu (rpynnbl)**
BHM3y M306pakeHne NoKas3biBaeT CUMMETPUYECKME TPYMMbI:
1. **Uuknnueckue rpynnbl (Hanpumep, \(C_3\)):**
0603Ha4aloT NOBTOPbI CUMMETPUM B JIOTUKE.
2. **Npsmoe npoussesgerue (\(C_2 \times C_3\)):**
06beauHsAET cucTembl ByneBbIX BbipaskeHWit B 60/1ee C/I0KHbIE CTPYKTYPbI.

#it## **NpumeHeHne: **
3TV rpynnbl MOXHO UHTEPNPETUPOBATL A8 ONUCAHWUA MHBAPUAHTHbIX CBOMCTB, TaKMX Kak NOBTOpAOLWMECs WabAOHbI UM 3aKOHOMEPHOCTHU.

Ecnu Hy»kHO $OpMannM30BaTb KOHKPETHbIE MPUMEPbI BbIMUCIEHWUI A8 N0OOW YacTh M306PAXKEHUSA, YTOUHUTE, U A COCTAB/IIO MOJIHbIW aNITOPUTM UK
nceBAOKOA.



[agaiite dopmanusyem BblYUCAEHUA ANA ABYX K/IOUEBbIX YacTel M306parkeHus: **cTpykTypa ogHoro kKyba** n **obbeamHeHune Kybos (cunnorusm)**.
pa306bto NPOLLECC Ha Waru ¢ KOHKPETHbIMU NPUMEpPamMM.

## **1. BHyTpW ogHoOro Kyba (nornyeckas cTpyktypa)**
Paccmotpum npoctoi Ky6 ¢ 3 nepemeHHbimu: \(A, B, C\). Y3/bl Ky6a COOTBETCTBYHOT BCEM BO3MOXKHbIM KOMBUHaLMAM nepemeHHbix \(A, B, C\) (000, 001, ...,
111).

#it# **lormyeckne BbluMCNEHUA oNA ogHOrO y3na:**

Kaaplit y3en sbluncnsnet 3HayeHme GpyHkumm \(F(A, B, C)\). MycTb dyHKLMA 3a83ETCA Kak:
\[

F(A, B, C) = (A \land \neg B) \lor (C \oplus A).

\l

#iH# **Warun BbluncneHnin:**

1. Onpegensem nepemenHble \(A, B, C\) 4na Kaxkgoro ysna. Hanpumep:
-V3en \(010\):\(A=0,B=1,C=0\).
-Vzen \(101\):\(A=1,B=0,C=1\).

2. MoacTaBasem 3HayeHus nepemeHHbIx B pyHkumio \(F(A, B, C)\):

- ina yana \(010\):
éEo, 1,0) = (0 \land \neg 1) \lor (0 \oplus 0) = 0 \lor 0 = 0.
-\L]I,nﬂ yana \(101\):
E][(l, 0, 1) = (1\land \neg 0) \lor (1 \oplus 1) =1 \lor 0= 1.

3. 3anucbiBaem pesynbTaT ANA KaKAOoro y3na.
| ysen | \(A\) | \(B\) | \(C\) | \(F(A, B, C)\) |

|\©ooy) [0 |0 |0 |O I
[\©o1y) o |o |1 |1 I
[\010y) |0 |1 |0 |O I
[\011y) o |1 |1 |1 |
[\M100y) |1 |0 |oO |1 |
[M101y) |1 o |1 |1 |
(V11091 |1 fo |1 |
M1y 1 1 1 |1 |

#it#t **Tpad nepexopos:**
- Y3/1bl coeauHeHbl pE6pamu, rae 3MEHAETCA POBHO O4Ha NepemeHHas.
- Hanpumep, nepexog 13 \(000\) 8 \(001\) cootetctayet \(C = C \oplus 1\).

## **2. O6begnHeHne KyboB: CuHTe3, AHTUTe3uC 1 Teaunc**
Tenepb paccMoTpMM 0bbeanHeHue TPEX KyBOB ANA NOCTPOEHMA CUAOTM3MA.

#it# **Onpepenenna:**

- **Cpurres** (\(S\)): \(S(A, B, C) = A\lor (B \land C)\).

- **AnTtutesnc** (\(T\)): \(T(A, B, C) = (\neg A \land B) \lor C\).
- **Tesuc** (\(P\)): \(P(A, B, C) = (A\land B) \lor (\neg C)\).

#ith **06Wwmin pesynbTat:**

Pesynbtupyrowasn oyHkuma \(R(A, B, C)\) 06beanHAET CUHTES, aHTUTE3NC U TE3UC:
\[

R(A, B, C) =S(A, B, C) \land T(A, B, C) \land P(A, B, C).

\Y

#itHH **TNpyumep BblUMCNEHNIA:**
1. Bbibepem 3HauyeHue nepemeHHbix: \(A=1,B=0,C=1\).

2. BbIUMCIMM KasKAyto COCTaBAAIOLLYIO:

- *¥*CuHTes**:
\[
S(1,0,1)=1\lor (0\land 1) = 1.
\]

- ¥*AHTUTE3NC**:
\[
T(1,0,1)=(\neg 1 \land 0)\lor1=0\lor 1 =1.
\]

- ¥*Tesuc**:
\[
P(1,0, 1) = (1 \land 0) \lor (\neg 1) =0 \lor 0 =0.
\]



3. 06Wwwit pesynbTaT:
\[
R(1,0,1)=S\land T\land P=1\land 1 \land 0= 0.
\]

H#i## **Pe3ynbTatbl AN BCeX y3n108: ¥ *
Mposoaum BbluMCNEHNA Anda Bcex KombBuHaumi \(A, B, C\), nonyyasa tabauuy.

| Vsen | \(AV) 1 \(BY) 1 \(CV) | \(S(A, B, OI\) | \(T(A, B, CO)\) | \(P(A, B, O\ | \(R(A, B, O\ |
o e R | | | |

[\(ooo\) |0 o [0 |O [0 1 |0 I
[\o1y) o Jo |1 |1 1 [1 |1 I
[\o10y) |0 |1 JOo |1 Y [0 |0 |
[\011y) o |1 |1 |1 1 [1 |1 |
[\(1o0\) |1 |0 [0 |1 Y 1 |0 |
[\M101M 1 Jo 1 |1 1 [0 |0 |
M1y 1 J1 o |1 |0 1 |0 |
1y 1 J1 J1 J1 1 1 1 |

#it#t **3. Tpad o6beanHeHna**

I'pad obbeanHAET COCTOAHMA KYBOB C MCMO/Ib30BaHMEM NEPEXOA0B:

- ¥*pg6pa:** CoeanHAIOT y3/bl, KOTOPbIE PA3NYAIOTCA OAHON NePeMeHHOMN.

- **loruka nepexoga:** Mcnonb3yerca XOR ana onpefeneHna MUSMeHeHWU:
\[
f_{\text{nepexoa}}(A, B, C, A, B', C') = (A \oplus A') \lor (B \oplus B') \lor (C \oplus C').
\l

Huxke npuseaéH Kog Ha Python, KoTopblii peanunsyet BbiuncaeHnn ans Kyba (pewétkun) bynesbix NnepemeHHbIX 1 0bLero pesyibTata 414 CUAI0rM3ma
(CuHTes, AHTuTE3MC, Tesuc).

### **Kog Ha Python**

“*python
from itertools import product

# OnpepeneHmne 6ynesbix GyHKUUM

def synthesis(A, B, C):
"""®OyHKuMA cuHTe3a: S(A, B, C) = A OR (B AND C)"""
return A or (B and C)

def antithesis(A, B, C):
"""®yHKUMA aHTUTe3mnca: T(A, B, C) = (NOT A AND B) OR C"""
return (not A and B) or C

def thesis(A, B, C):
"""®dyHKumA Tesuca: P(A, B, C) = (A AND B) OR (NOT C)"""
return (A and B) or (not C)

def result(A, B, C):
"""O6wuit pesynbTaT cunnormsma: R(A, B, C) =S AND T AND P
S = synthesis(A, B, C)
T = antithesis(A, B, C)
P =thesis(A, B, C)
returnSand Tand P

# FeHepaLma BceX BO3MOMXKHbIX KOMBUHALMI NepemMeHHbIX (AnA 3 nepemMeHHbIX)
variables = list(product([0, 1], repeat=3)) # (A, B, C)

# BbluncneHne pesynbTaToB A/1A BCEX Y3/10B
results =[]
for A, B, Ciin variables:

S = synthesis(A, B, C)

T = antithesis(A, B, C)

P =thesis(A, B, C)

R =result(A, B, C)

results.append((A, B, C, S, T, P, R))

# BbiBOA TabMLbI pe3yNbTaToB
print(f'{'A':<3} {'B":<3} {'C":<3} {'S":<3} {'T":<3} {'P':<3} {R":<3}")
for res in results:
print(f"{res[0]:<3} {res[1]:<3} {res[2]:<3} {res[3]:<3} {res[4]:<3} {res[5]:<3} {res[6]:<3}")



###t **Onucanune kopa**

1. ¥*PyHKUMM NOTUYECKMX onepaLmin:**
- ‘synthesis(A, B, C)" peanusyeT cuHTe3.
- “antithesis(A, B, C)" peanunsyeT aHTUTe3uC.
- "thesis(A, B, C)" peanusyeT Te3uc.
- ‘result(A, B, C)° 0b6beauHAET CMHTE3, aHTUTE3MNC U TE3NC C MOMOLLbIO I0FMYECKON KOHbIOHKLMK (AND).

2. **Mepebop Bcex KOMBUHALMI: **
- ‘product([0, 1], repeat=3)" reHepupyeT Bce KombUHauum 3HaueHuit \(A, B, C\) (000, 001, ..., 111).

3. ¥**BbluMcneHnn oNa Kaxkaon KombuHaumm:**
- ANA KaxkAoin KoMBMHaUMM NepemeHHbIX BbluncaatoTcs 3HadeHuns \(S, T, P, R\).

- Pe3ynbTaTbl 3aMMCbIBAOTCA B CMUCOK results’.

4. **BpiBog, Tabnmubl:**
- Tabnuua sbiBoguT 3HaveHmns \(A, B, C, S, T, P, R\) ana Kaxaoi KombuHaumm.

### **Mpumep BbIBOgA**

El—\l—\l—\l—\OOOO)>
PP OOREFR OO
RO RrROROROA
PRrRRPRPRPLPOROM®N
POROROROo
PRPORRORRT
POOORrRORrROg

### **Busyanusauma rpada nepexonos (LoNoNHUTENbHO)**
Ecnu Tpebyetca Bu3yanmsauma kyba u rpada nepexonoB, MOXKHO BOCNONb30BaTbcs bBubanotekon ** networkx ** n ***matplotlib™**. Bot npumep:

““python
import networkx as nx
import matplotlib.pyplot as plt

# CospaHue rpada ans kyba
G = nx.Graph()

# [lobaBneHue y3108B (COCTOAHNA NEpeMeHHbIX)
for state in variables:
G.add_node("".join(map(str, state)))

# lobaBneHune pébep (norvyeckne nepexoabl Mexay COCTOAHUAMM)
for statelin variables:
for state2 in variables:
# Nepexoa, €CAN Pa3INYAETCA TONIbKO OA4HA NepemeHHan
if sum(a != b for a, b in zip(statel, state2)) == 1:
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))

# PucosaHue rpada

pos = nx.spring_layout(G) # Mo3suuwnu y3nos

nx.draw(G, pos, with_labels=True, node_color="lightblue", node_size=3000, font_size=10)
plt.title("rpad nepexopnos (Ky6)")

plt.show()



BoT 06HOBNEHHbIN KOA, KOTOPLIN N03B0OAAET 406aBAATL 6oAbLIe GYHKLUMIA ANA APYrUMX KYGOB M BKAOYAET pacluMpeHHY0 BU3yanusaumio, rae pesynbTtatbl
0TOBpaKaloTCA Ha y3/1aXx C LiBETOBOM KOAMPOBKOM MAU MOANMUCAMM.

## **O6HOBNEHHDBIN Kog**

““python

from itertools import product
import networkx as nx

import matplotlib.pyplot as plt

# OnpeneneHuve bynesbix GyHKUNUIA SNA HECKONbKUX Ky6OB
def synthesis(*vars):
"""®dyHKuMA cuHTe3a: S(vars) = OR(vars[0], AND(vars[1:]))"""
A, *rest = vars
return A or all(rest)

def antithesis(*vars):
"""®yHKuMA aHTUTE3UCa: T(vars) = (NOT(vars[0]) AND vars[1]) OR vars[-1]"""
A, B, *rest = vars
return (not A and B) or rest[-1]

def thesis(*vars):
"""®yHKumMA Te3unca: P(vars) = AND(vars[:2]) OR NOT(vars[-1])"""
return all(vars[:2]) or not vars[-1]

def result(*vars):
"""O6wWwmin pesynbTat cunnorusma: R(vars) =S AND TAND P"""
S = synthesis(*vars)
T = antithesis(*vars)
P = thesis(*vars)
return Sand Tand P

# NononHutenbHaa GyHKUMA ana HoBoro Kyba (npumep)

def custom_function(*vars):
""Mpumep GyHKUMM ana HoBoro Kyba: XOR Bcex nepemeHHbIX
return sum(vars) % 2

# l'eHepauua Bcex KOMBMHAUMIA ANA N NepeMeHHbIX
def generate_states(n):
"""TeHepaLuMa BCeX COCTOAHWUI 418 N NepeMeHHbIX
return list(product([0, 1], repeat=n))

# NMoctpoeHue rpada 6ynesoro Kyba
def build_graph(states):
"""MocTpoeHue rpacda ona cocToaHum
G = nx.Graph()
nodes = ["".join(map(str, state)) for state in states]

# NlobasneHwe y3no8
G.add_nodes_from(nodes)

# NlobasneHue pébep (ecam pasnuyaeTcs ogHa nepemeHHas)
for statel in states:
for state2 in states:
if sum(a !=b for a, b in zip(statel, state2)) == 1:
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))

return G

# BbluMcieHne AR HECKOIbKUX Ky6oB

def compute_multiple_cubes(n):
"""BbluncneHus gna scex kybos
states = generate_states(n)
results =]

for state in states:
S = synthesis(*state)
T = antithesis(*state)
P = thesis(*state)
R = result(*state)
C = custom_function(*state) # PesynbTat HOBOW GYHKLMMU
results.append((*state, S, T, P, R, C))



return results

# PacwwnpeHHas Bu3yanumsauma rpada

def visualize_graph(G, results, n, title="Tpa¢ 6ynesoro ky6a"):
"""Busyanmsauma rpada c pesynbtatamm"""
pos = nx.spring_layout(G) # PacnonoxeHue y3nos
node_colors =[]
labels = {}

for node in G.nodes:

# NpeobpasoBaHne MeTKU y3/1a B COCTOAHMNE

state = tuple(map(int, node))

# HaitTu cooTBeTCTBYIOLWMI pe3ynbTaT

for res in results:

if state == res[:n]:

# LlBeT Ha ocHoBe pe3synbTaTa obuwero (R)
color = "green" if res[n+3] else "red"
node_colors.append(color)
# NMognucob y3na (NokasbiBaem pesyibTaTbl BCEX QYHKLMI)
labels[node] = f"{node\nS:{res[n]} T:{res[n+1]} P:{res[n+2]} R:{res[n+3]} C:{res[n+4]}"
break

# PucosaHue rpada

nx.draw(G, pos, with_labels=True, labels=labels, node_color=node_colors,
node_size=3000, font_size=8, font_color="white")

plt.title(title)

plt.show()

# OCHOBHOWM Kog,

if _name__=="__main__":
# Yncno nepemeHHbIX
n =4 # YKaxuTte ntoboe 3HayeHne n (Hanpumep, 4 o1s 4 nepemMeHHbIX)

# M'eHepaLmaA BCeX COCTOAHUM
states = generate_states(n)

# MocTpoeHue rpada
G = build_graph(states)

# BblumcneHne pesynbTaTos
results = compute_multiple_cubes(n)

# BbiBoZ4, Tab/MLbl pe3ynbTaToB
print(f'{'State':<10} {'S":<3} {'T":<3} {'P":<3} {'R":<3} {'C":<3}")
for res in results:
state_str = "".join(map(str, res[:n]))
print(f"{state_str:<10} {res[n]:<3} {res[n+1]:<3} {res[n+2]:<3} {res[n+3]:<3} {res[n+4]:<3}")

# Busyanumsaumsa rpada
visualize_graph(G, results, n, title=f"I'pa¢ 6ynesoro kyba c {n} nepemeHHbIMKN")

## **OnucaHune nsmeHeHnin**

### **1. HoBaa dyHKUMA ana gpyroro kyba**
[ob6asneHa ¢pyHKuma ‘custom_function’, koTopan peanusyet XOR Bcex nepemeHHbIX. Bbl MoskeTe 406aBUTb 60/blue TakuxX GYHKUMIA, peanmnsyrowmx
NPOU3BOJIbHbIE JIOTUYECKME OMepaLuy.

### **2. PacwupeHHan susyanusauma**
Busyanusauma tenepsb:
- icnonb3yeT LBETOBbIE KOAbI A/1R Y3/10B:
- 3enéHbil (‘green’) ans y3nos, rae pesynbtat obuero soipaxeHus (\( R\)) paseH 1.
- KpacHbiit (‘red’) ans ysnos, rae \(R=0\).
- BK/IlOYaEeT TEKCTOBbIE MOAMNMUCH A/1A KaXKAO0rO y3/1a:
- MoAnucb NOKa3bIBaeT COCTOAHUA NepeMeHHbIX U 3HadeHus Bcex GpyHkumin (\(S, T, P, R, C\)).

### **3. TMOKOCTb YnCna nepemeHHbIx**
Yucno nepemenHbix \( n'\) 3a4aétca napameTpom. Bce BblMMCNEHUS U BU3YaM3aLMA aBTOMATUYECKM afanTUPYIOTCA K pasmepy npocTpaHcTsa coctoaHuit (\(

2*n\)).



## **Mpumep BbiBOgA**

#it# **Tabnmua**

Ana\(n=4\):

State S TPRC
0000 00100
0001 01101
0010 00101
0011 01100
0100 0000 1
0101 01100
#ith **Tpad**

- Y3/1bl OKpalueHbl B 3aBucumoctu ot pesyabTata \( R \): 3enéubit ana \( R =1\), kpacHbii ana \(R=0).
- Y35bl nognucaHbl 3HadeHnamm scex oyHkumi (\(S, T, P, R, C\)).

- [lns paclumpeHns Koaa, BKIOYAIOLWEro AONOAHUTENbHbIE GYHKLMM AN APYrUX Ky6OB, HOBble NpaBuia coeguHeHns pébep, n gobasneHus 3D-
BM3yannM3aLmn, MOXKHO BOCMO/1b30BATLCA CEAYOLWMMU MOAUPUKALUAMMU.

- ## **O6HoBNeHHbIN Kog**

- python

- import matplotlib.pyplot as plt

- import networkx as nx

- from itertools import product

- from mpl_toolkits.mplot3d import Axes3D

- # bynesble yHKLMMN AN pasHbIX Kyb6oB

- def synthesis(*vars):

- """CuuTes: OR(vars[0], AND(vars[1:]))"""
- A, *rest = vars

- return A or all(rest)

- def antithesis(*vars):

- """ AnTuTE3NC: (NOT(vars[0]) AND vars[1]) OR vars[-1]"""
- A, B, *rest = vars

- return (not A and B) or rest[-1]

- def thesis(*vars):
- """Tesnc: AND(vars[:2]) OR NOT(vars[-1])"""
- return all(vars[:2]) or not vars[-1]

- def custom_function_1(*vars):
- """KactomHasa ¢yHKumMA: XOR Bcex nepemMeHHbIX
- return sum(vars) % 2

- def custom_function_2(*vars):
- """KactomHan ¢yHKuma: (vars[0] AND vars[-1]) XOR (NOT(vars[1]))"""
- return (vars[0] and vars[-1]) A (not vars[1])

- #TeHepauma Bcex COCTOAHWUM ANA N NEPEeMEHHbIX
- def generate_states(n):
- return list(product([0, 1], repeat=n))

- #NocTtpoeHue rpada c 3aBucMmoctamm pébep

- def build_graph(states, dependency_func=None):

- G = nx.Graph()

- nodes = ["".join(map(str, state)) for state in states]
- G.add_nodes_from(nodes)

- for statel in states:

- for state2 in states:

- # NlobaBneHune pebpa, ecnun BbINOAHAETCA GYHKLMA 3aBUCUMOCTU

- if dependency_func:

- if dependency_func(statel, state2):

- G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))

- # MHaue coegmHAEM COCTOAHUA, OTIMYALOLLMECA HA OAHY NEPEMEHHYHO
- elif sum(a !=b for a, b in zip(statel, state2)) == 1:

- G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))

- return G



# MNpasuno coeanHeHns pébep: 3aBUCMMOCTb OT QYHKLMI

def edge_dependency_rule(statel, state2):
"""Pebpo gobasnsetcs, ecnm XOR(statel, state2) = 1 ans nocnegHeit nepemeHHon"""
xor_diff = [a A b for a, b in zip(statel, state2)]
return xor_diff[-1] == 1 and sum(xor_diff) == 1

# BbluncneHuna ans scex GyHKLMN
def compute_functions(states, functions):
results =[]
for state in states:
results.append((*state, *[func(*state) for func in functions]))
return results

# Busyanusauma s 2D

def visualize_graph_2d(G, results, n, functions, title="2D Bynes ky6"):
pos = nx.spring_layout(G)
labels = {}
node_colors =[]

for node in G.nodes:
state = tuple(map(int, node))
for res in results:
if state == res[:n]:
labels[node] = f"{node\n" + " ".join([f"F{i+1}:{res[n+i]}" for i in range(len(functions))])
node_colors.append("green" if res[n] else "red") # LiseT ana nepsoit GyHKLMK
break

nx.draw(G, pos, with_labels=True, labels=labels, node_color=node_colors,
node_size=3000, font_size=8, font_color="white")

plt.title(title)

plt.show()

# Busyanmsauma s 3D

def visualize_graph_3d(G, results, n, functions, title="3D Bbynes ky6"):
fig = plt.figure()
ax = fig.add_subplot(111, projection="3d")
pos = nx.spring_layout(G, dim=3)

node_colors =[]
labels = {}
for node in G.nodes:
state = tuple(map(int, node))
for res in results:
if state == res[:n]:
labels[node] = f"{node\n" + " ".join([f"F{i+1}:{res[n+i]}" for i in range(len(functions))])
node_colors.append("green" if res[n] else "red") # LiseT gna nepsoit GyHKLMK
break

# 3D KoopAuMHaTbI

xyz = [pos[node] for node in G.nodes]

fori, (x, y, z) in enumerate(xyz):
ax.text(x, y, z, list(G.nodes)[i], fontsize=8)

edges = list(G.edges)

for edge in edges:
x_coords, y_coords, z_coords = zip(*[pos[edge[0]], pos[edge[1]]])
ax.plot(x_coords, y_coords, z_coords, color="black")

ax.scatter(*zip(*xyz), c=node_colors, s=100)
plt.title(title)
plt.show()

# OcHOBHOM Kog,

if __name__=="__main__":
n =4 # Konnyectso nepemeHHbIX
states = generate_states(n)

# PYHKUMM ANA BbIYMCNEHNI
functions = [synthesis, antithesis, thesis, custom_function_1, custom_function_2]

# MocTpoeHue rpada
G = build_graph(states, dependency_func=edge_dependency_rule)

# BbluncneHna
results = compute_functions(states, functions)

# Tabnnua pesynbraTos
print(f'{'State':<10} " + " ".join([f"F{i+1}" for i in range(len(functions))]))
for res in results:



state_str ="".join(map(str, res[:n]))
function_values =" ".join(map(str, res[n:]))
print(f"{state_str:<10} {function_values}")

# Busyanusauma 2D
visualize_graph_2d(G, results, n, functions, title="2D Bynes Ky6 ¢ paclumpeHHbIMU PyHKLMAMK")

# Busyanusauma 3D
visualize_graph_3d(G, results, n, functions, title="3D Bynes Ky6 ¢ paclumpeHHbIMU PyHKLMAMK")

## **O6bAcCHeHWe nsmeHeHnn**

1. **Bonblue GyHKUMIA ana apyrux Kybos:**
- [Jo6asneHbl dyHKumM ‘custom_function_1" n ‘custom_function_2' Kak npumepbl HOBbIX 6y/1eBbIX ONepaLuii.
- Nlerko MoXHo £06aBUTb AONONHUTE/IbHbIE GYHKLMM, MPOCTO ONPESEsIMB UX 1 BKAIOUMB B cNncok functions'.

2. **CneyuanbHble Npasuna 48 coeamHeHnin pébep:**

- PeanusosaHa ¢pyHKuma ‘edge_dependency_rule’, koTopas gobasnseT pebpo mexKay cocTosHuAMM, ecam ux XOR-0TiMume cooTBETCTBYET 3a4aHHOMY
npasuny.

- Tpad cTpounTca ¢ yueTom 3aBUCUMOCTH, 3aaHHOW Yepes 3Ty GyHKLMIO.

3. **3D-Busyanusaumn:**
- I'pad Bu3yanusmpyetcs B 3D c nomouybio “‘matplotlib’ (mogynb ‘Axes3D").
- Y3/1bl PacnosiosKeHbl B TPEXMEPHOM MPOCTPAHCTBE, @ MOAMMUCU U LIBETA OTOBPAXKaloT COCTOAHME.

## **Kak ncnonbsosatb**

1. U3meHUTE KONMYECTBO NEPEMEHHbIX, 33/1aB 3HaYeHne 'n’.
2. Nlo6aBbTe HOBble GYHKLMM B cnncoK “functions’ u onuwwuTe mx.
3. Mpun HeobxoAMMOCTHM YyTOYHMTE NpaBuIa ANa coegnHennit pébep B dyHKummn ‘edge_dependency_rule’.

ITOT Ko, NO3BO/IAET NPOBOAUTL PACLIMPEHHbIE BbIYUCIEHUA U aHANM3UPOBATh B3aMMOAENCTBUE MHOXKECTBA ByneBbix KyboB B yaA06HOM rpaduyeckom
dopmare.



Ona popmanusaumm tesunca **"}MusHo He umeeT obpaTHOro nyTn"** B KOHTEKCTE ByeBoW anrebpbl M NOTMYECKMX ONepaLuii Mbl MOXEM PacCMOTPETb 3Ty MAEID
KaK YTBEPXKAEHMWE, OMUCBIBAIOLLEE OAHOHANPABAEHHOE WU HEOBPATUMOE COCTOAHME.

#it# **NHTepnpeTtauma**
- ByneB noaxoZ NO3BOIAET MHTEPNPETUPOBATH 3TO BbICKA3blBaHWUE YEPE3 COCTOAAHWUE CUCTEMBI, TAe:

- [MepemeHHble OTPAKAOT Pa3NINYHbIE aCNEKTbI UK 3TaMbl }KU3HU (HanpUmep, cobbITUA, AENCTBUA, PELLEHNR).

- "HeobpaTMMOCTb" MOXKHO BbIpa3uTb Yepes SIormyeckyto GyHKLMIO, KOTOpas rapaHTUPYET, YTO Nepexosbl OT OAHOIO COCTOAHWUA K APYroMy He BO3BpaLLatOT
CUCTEMY K NpeablayLiemy COCTOAHMUIO.

#it# **MaTematnueckan mogenp**
1. **Coctoanua**: Myctb \( n \)-6uTHble cocToaHMa \( S \) MOAEMPYIOT 3KU3HEHHbIE 3TaMbl.
2. **Tesunc (dyHKuma)**:

\\I

F_{\text{reauc}}(S_{\text{rekywee}}, S_{\text{cneayrowee}}) =

\begin{cases}

1, & \text{ecan } S_{\text{cneayrowee}} > S_{\text{rekywee}} \text{ (nporpecc)} \\

0, & \text{uHaue (06paTHbIi NyTb 3anpewéH).}

\end{cases}

\]

370 yCNOBME MOXHO BbIYMNCAUTb Yepe3 NO6UTOBOE CpaBHEHME MK Yepes CPaBHEHME YNCI0BbIX 3HAYEHUI COCTOAHMIA:
\\i

F_{\text{reauc}}(S_1,S 2)=(S_1<S_2)

\l

3. **Bynes aHanus**:
Ec/nv TeKyLwan *Ku13Hb — NOCNEeL0BaTENIbHOCTb COCTOAHMIA, TO I0OTVKA YTBEPXKAAET, 4To Ntoboe coctosHme \( S_1\) He JonmkHO Bo3BpaLaTbesa K npegpiayiiemy \(
S 2\).

### **MNpumep B Koge**
Peanusyem ¢yHKUMIO ANs BbIYUCNEHUA AAHHOTO Te3nca.

“python

# OyHKUMA BbluMCAEHNA Te3nca: KU3Hb He umeeT obpaTHOro NyTu

def thesis_life_not_reversible(statel, state2):
"""OnpepenseT, ABNAETCA M NEPEXOL, HEOBPATUMbIM.
return int(int("".join(map(str, statel)), 2) < int("".join(map(str, state2)), 2))

# TecToBble COCTOAHNA
states = generate_states(3) # Bce coctosiHua ans 3 6ut
results =]

# BbluMcneHune Tesnca gna Bcex nap
for statel in states:
for state2 in states:
result = thesis_life_not_reversible(statel, state2)
results.append((statel, state2, result))

# BbiBOA, pe3ynbTaToB
print(f"{'State1':<10} {'State2':<10} Thesis")
for res in results:

s1 =""join(map(str, res[0]))

s2 ="" join(map(str, res[1]))

print(f"{s1:<10} {s2:<10} {res[2]}")

### **BbIxoaHble faHHble**
Pe3ynbTaTbl NOKaXKYT, KaKMe COCTOAHUA AonyckatoTcs (1), a Kakme HapywatoT npasuo (0).

Mpumep N TPEXBUTHOW CUCTEMBI:

Statel State2 Thesis

000 001 1
000 010 1
000 011 1
000 100 1
001 000 0

0

010 001



#it# **PaclwmpeHne**

1. **Tpadurueckan susyanusayma**:
- Cospgaiite rpad cocTosHuit, rae pébpa CyLecTBYIOT TO/IbKO AJ18 AOMNYCTUMbIX nepexonos (Tesuc = 1).
- Bbl mokeTe f06aBUTb LBET UAN GOPMY Y3/10B ANS HATNALHOCTH.

2. **Jlornyeckunin aHanus**:
- Wiccnepyiite, Kak Te3UC OrpaHMYMBAET BO3SMOXKHbIE MYTW B MPOCTPAHCTBE COCTOAHWNA.
- PaccmoTpuTe NocneacTsns, ecam COCTOAHME HapyLIaeT Tesuc.

[asaiiTe peanvsyem BM3yanusaumto ana teauca *"HusHb He umeeT obpaTHoro nyTn'"* B BuAe rpada. Mbl NOKaKeM AONYCTUMbIE NEPEXOAbI MEKAY
cocTosiHMAMM (pEBpa ana Tesnca = 1) M OTMETMM y3/bl, NPEACTaBAAIOWME COCTOAHMA.

#it# Kop, ¢ Bu3yanusaumeit:
“*python

import matplotlib.pyplot as plt

import networkx as nx

from itertools import product

from mpl_toolkits.mplot3d import Axes3D

# OYHKUMA BbluMCNEHUNA Te3Uca: HKU3Hb He UMeeT 06paTHOro NyTH

def thesis_life_not_reversible(statel, state2):
"""OnpeaenseT, ABNAETCA M Nepexos, HeobPaTUMbIM.
return int(int("".join(map(str, statel)), 2) < int("".join(map(str, state2)), 2))

# FeHepaLma BCeX BOSMOXHbIX COCTOAHWUM A1A N NepeMeHHbIX
def generate_states(n):
return list(product([0, 1], repeat=n))

# NocTtpoeHue rpada Ana BU3yanmsaumnm

def build_graph_thesis(states):
G = nx.DiGraph() # WUcnonb3yem HanpasneHHbIi rpad
nodes = ["".join(map(str, state)) for state in states]
G.add_nodes_from(nodes)

# [lobaBnsem pébpa Ha ocHoBe Te3nca
for statel in states:
for state2 in states:
if thesis_life_not_reversible(statel, state2): # [lo6aBasem TO/IbKO AOMNYCTUMbIE NEPEXOAbI
G.add_edge("".join(map(str, statel)), "".join(map(str, state2)))
return G

# Busyanusauma 2D
def visualize_graph_2d_thesis(G, title="2D Busyanusauus tesuca"):
pos = nx.spring_layout(G) # ABTOMaTMYeCKOE PaCcrnoNOoKEHUE Y3108
nx.draw(G, pos, with_labels=True, node_color="skyblue", node_size=2000, font_size=10, font_color="black", arrowsize=20)
plt.title(title)
plt.show()

# Busyanmsauma 3D

def visualize_graph_3d_thesis(G, title="3D Busyanusauusa tesamca"):
fig = plt.figure()
ax = fig.add_subplot(111, projection="3d")

pos = nx.spring_layout(G, dim=3) # TpéxmepHoe pacnonoxeHve y3nos
xyz = [pos[node] for node in G.nodes]

# Busyanmsauma ysnos
ax.scatter(*zip(*xyz), c="skyblue", s=100)

# Moanucu y3nos
for i, node in enumerate(G.nodes):
X, Y, z = xyz[i]
ax.text(x, y, z, node, fontsize=10, ha="center", color="black")

# Busyanusauma pébep

for edge in G.edges:
x_coords, y_coords, z_coords = zip(*[pos[edge[0]], pos[edge[1]]])
ax.plot(x_coords, y_coords, z_coords, color="black", alpha=0.8)

plt.title(title)
plt.show()

# OcHoBHOM Koz,

if _name__=="__main__":
n =3 # Koamuectso nepemeHHbIX (4MHa COCTOAHWIA)
states = generate_states(n)



# MocTpoeHue rpada
G = build_graph_thesis(states)

# 2D Busyanusauma
visualize_graph_2d_thesis(G, title="2D Busyanusauma: }usHb He umeeT obpaTHoro nyTn")

# 3D Busyanusauma
visualize_graph_3d_thesis(G, title="3D Busyanusauua: }usHb He umeeT obpaTHoro nytn")

#it# **O6bACHEHMe Koga**

1. ¥*TeHepauma coctoAHmn: **
- Bce BO3MOXHbIE COCTOAHMA cucTembl AsinHbl \( N \) reHepumpytoTca Kak ABOMYHbIE Yncna (Hanpumep, ana \( n=3\): '000°, 001", ..., 111°).

2. **Ipad c HanpasneHHbIMK pébpamu:**
- Ucnonb3yeTca HanpaBaeHHbii rpad (‘DiGraph’) ana oTpaskeHMs 04HOHANPABAEHHOTO XapaKTePa KU3HU.
- Pé6pa no6asnaoTca TONbKO AN nepexonos, rae soinonHsaetca \( F_{\text{resmuc}}(S_1,S 2)=1\).

3. **Busyanusauma 2D:**
- F'pad otobpaxkaeTcs c nomowybto ‘matplotlib™ n “networkx’.
- Y316l — cocToAHMA, pébpa — AONYyCTUMbIE NEPEXoabl.

4. **Busyanusauma 3D:**
- Y3/1bl PacnonoxKeHbl B TPEXMepHOM npocTpaHcTsee (‘spring_layout(dim=3)).
- Y3nbl nognucaHbl, a pébpa coeguHAIT UX.

### **Kak paboTaer**

1. **2D Busyanusaumna**:
- Y37bl (COCTOAHMA) PACMNONIOMKEHbI HAa NNOCKOCTHU.
- PEBpa NoKasblBaloT AONYCTUMbIE MEPEXOoAbl COrIacCHO Te3ucy.

2. ¥*3D Busyanusaumua**:
- Bonee cnoXKHOE M MHTEPAKTMBHOE NpeacTaB/ieHne rpada.
- Y31bl pacnonoKeHbl B TPEXMEPHOM NPOCTPAHCTBE, YTO NO3BONAET YBUAETb UX B3aUMOCBA3U.

### **MNpumep pesynbrata**

HiH# **2D Fpad**
- V3nbl: coctoanma \( \{000, 001, ..., 111\}\).
- Pé6pa: ToNbKO gonycTumble nepexoapl, rae \(S_1<S_2\).

#H## **3D Tpad**
- MpocTpaHCcTBEHHOE NpeacTaB/ieHNne Y3108 U pébep.

Ecnv Bbl XOTUTE f06aBUTb MHTEPAKTUBHOCTL (Hanpumep, BpaleHue 3D-rpada), 3To MOXKHO cAenaTth ¢ NomoLbio BubanoTek, Takux Kak “plotly” nam “pyvista'.
[aiite 3HaTb, ecnn notpebyerca!
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