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$$y = f_{¥theta ¥cdot M(c, h) }(x)$$
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$$M(c, h) = ¥sigma(W_c ¥cdot E(c) + W_h ¥cdot H(h) + b)$$
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$$A(n_i) =

¥begin{cases}

1 & ¥text{if } Q(n_i) > ¥tau ¥¥
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**python
class EpigeneticControlLayer(nn.Module):
def init_ (self, model dim, hidden dim):
super(EpigeneticControlLayer, self).__init__ ()

self. model dim = model dim

# kv a—x

self.context_encoder = nn.Linear(model dim, hidden_dim)

#EEL ya—X%

self.history_encoder = nn.Linear(model_dim, hidden_dim)

# Effi~ b Y v 7 R4 KR
self.modification_generator = nn.Sequential(
nn.Linear(hidden_dim * 2, hidden_dim),
nn.ReLU(),
nn.Linear(hidden_dim, model dim),

nn.Sigmoid()

def forward(self, context_embedding, history_embedding):
# RfEHRO v a—F

context_encoded = self.context_encoder(context_embedding)



# JEREIERO =y a—F
history_encoded = self.history_encoder(history_embedding)

# fEG LB~ MY v 7 2B
combined = torch.cat([context_encoded, history_encoded], dim=-1)

modification_matrix = self.modification_generator(combined)

return modification_matrix

CoHHEI. TETADE NI VAT —~v—[BICEAIN. UTO LS IcEEEAZE
fifid 2 :

" python
class EpigeneticTransformerLayer(nn.Module):
def _init__ (self, base_transformer_layer, epigenetic_control):
super(EpigeneticTransformerLayer, self).__init__ ()
self.base_layer = base_transformer_layer

self.epigenetic_control = epigenetic_control

def forward(self, x, context, history):
# Yo7 4y 7EHiv N v 7 XAERE

modification = self.epigenetic_control(context, history)

# JLOHEH % G
original_weights = self.base_layer.get_weights()

# HH % S

modified_weights = original_weights * modification

# & X L= EH A CHITIERE

return self.base_layer.forward_with_weights(x, modified_weights)
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" python
class ApoptosisRegulator(nn.Module):
def __init__(self, model_dim, threshold=0.7, decay_rate=5.0):
super(ApoptosisRegulator, self).__init__ ()
self.threshold = threshold
self.decay_rate = decay_rate

self.quality_evaluator = QualityEvaluator(model_dim)

def forward (self, nodes, evaluation_data):
# 7 — FiE O

quality_scores = self.quality_evaluator(nodes, evaluation_data)

# THR b= 2 RBOHE

apoptosis_factors = torch.ones_like(quality_scores)
mask = quality_scores <= self.threshold
apoptosis_factors[mask] = torch.exp(

-self.decay_rate * (self.threshold - quality_scores[mask])

return apoptosis_factors
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" python
# EpiGen-LLM =7 A 0@t a—F
def initialize_epigen_llm(base_model_path, config):
# N—RAET N DFHRIAR
base_model = AutoModelForCausalLM.from_pretrained(base_model_path)

# eyt T 4y 7EOYHL
epigenetic_layers = []
for layer in base_model.transformer.layers:
epigenetic_control = EpigeneticControlLayer(
model_dim=config.hidden_size,
hidden_dim=config.epigenetic_hidden_size
)
epigenetic_layer = EpigeneticTransformerLayer(layer, epigenetic_control)

epigenetic_layers.append(epigenetic_layer)

# TR b — v TR OYIAIL

apoptosis_regulator = ApoptosisRegulator(
model_dim=config.hidden_size,
threshold=config.apoptosis_threshold,

decay_rate=config.apoptosis_decay_rate



# BRFEIA 77— A2 ) Ny 7 7 o)L

memory_buffer = MultiTimeScaleMemory(
short_term_size=config.short_term_memory_size,
mid_term_size=config.mid_term_memory_size,

long_term_size=config.long_term_memory_size

# T NDMARILT

epigen_model = EpiGenLLM(
base_model=base_model,
epigenetic_layers=epigenetic_layers,
apoptosis_regulator=apoptosis_regulator,
memory_buffer=memory_buffer,

config=config

return epigen_model

FERICHH L 7o X=X T A — ZFE

" python

config = EpiGenConfig(
hidden_size=4096,
epigenetic_hidden_size=1024,
apoptosis_threshold=0.7,
apoptosis_decay_rate=>5.0,
short_term_memory_size=10000,
mid_term_memory_size=50000,
long_term_memory_size=200000,
learning_rate=1e-5,

epigenetic_learning_rate=5e-5
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