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# el (2y b7y 7 LA —FOVEEEIH)
#
#EHETA 77V~ ET7AL VA=V LTI Y = RIREICT 2

Ipip uninstall -y transformers accelerate peft sentence-transformers datasets -q

#HEN—YaryTILAT IV AL VAP

Ipip install transformers==4.36.2 -q

Ipip install datasets -q

Ipip install peft==0.7.1 -q

Ipip install accelerate==0.25.0 -q # <--- accelerate?®d/N—" 2 » % 0.25.01Z[HE (F 72130.26.1)

# EEEWETT 57012 —F )L % HiLE)
import os
os.kill(os.getpid(), 9)

i1

#Xvvrazyr7Havy Fopl
Irm -rf ~/.cache/huggingface/datasets/imdb
print("IMDb dataset cache cleared.")

)2
#--N2: 747 7VDA v HR—|F -

import torch
import torch.nn as nn
import torch.nn.functional as F # SemanticConceptModule ¢ F.softmax %<4 % 72

from transformers import (
AutoModelForSequenceClassification,
AutoTokenizer,
Trainer,
TrainingArguments,
AutoConfig,
PreTrainedModel,
AutoModel
)
from transformers.modeling_outputs import SequenceClassifierOutput # € 5L D H I3



from torch.nn import CrossEntropyLoss # $8<E4%H
from datasets import load_dataset, Dataset # % Dataset 7 7 2% 4 ¥ F—

import numpy as np
from sklearn.metrics import accuracy_score # FFEAf$EEE -5 H

import itertools # FEEAEERAKA (S ENEFEYE R 42 O THE ICIZAETT D, FERIVICHEE S AliEE S)

# (D LS BEREHES £ 77 )R HIUL Z TITBIM LT Z I W)
# import os # (R VI THAFEA LD T, I I TRULHATIER)

# import json

# import time

# import datetime

# (b L7 7#lili% £ 2479 B4, matplotlibZ &dH 2 2 TA Y R—F)
# import matplotlib.pyplot as plt

# import seaborn as sns

# import pandas as pd

print("Cell 2: Libraries imported successfully.")
print(f* PyTorch version: {torch.__version__}")
try:
import transformers
print(f" Transformers version: {transformers.__version__}")
import datasets
print(f" Datasets version: {datasets.__version__}")
import accelerate
print(f" Accelerate version: {accelerate.__version__}")
import peft
print(f" PEFT version: {peft._ version__}")
except ImportError:
print("Warning: Could not print all Hugging Face library versions. Ensure they are installed.")

)3

# - V3 HARGE - AR TR —F -

from transformers import AutoTokenizer, AutoConfig # S#72bD%E A v R—1 (R NV2TA v R— MFA% S EEZEHTTHOK)
# - AR 2 BOEM -

BASE_MODEL_NAME = "bert-base-uncased" # ~\—2 & % 2 HijEEE A E TV DL

NUM_LABELS = 2 # Y AT DTV Bl: IMDb7Z2 & R T4 7/ % T4 7 D2)

OUTPUT_DIR_BASE = "./experiment_results/" # FEEFEROHIHER—2 740 L 27 FY

# - GBI T 2N A =8 X —F

LEARNING_RATE = 2e-5 # R
BATCH_SIZE =1 # Ny FH A X (GPUXE Y 27— 712G U CHi%E)

# CPUETOEE NI OWI: 102)I2 L v EIEFITEWATRELED H h £
NUM_EPOCHS =1 # AR Ry 78 (RE 12 ETT A R L, BEZ TSP T)

#-- b= AT —LETNHREDOT—F -
try:
print(f"Loading tokenizer for {BASE_MODEL_NAME]}...")
tokenizer = AutoTokenizer.from_pretrained(BASE_MODEL_NAME)
print(f"Tokenizer for {(BASE_MODEL_NAME] loaded successfully.")
except Exception as e:
print(f"Error loading tokenizer for {BASE_MODEL_NAME}: {e}")
raise # L7 —H3FA L 7 o IR 2 {51k

try:



print(f"Loading Hugging Face model config for (BASE_MODEL_NAME}...")
hf model_config = AutoConfig.from_pretrained(
BASE_MODEL_NAME,
num_labels=NUM_LABELS
# EICIE U Tl AutoConfigd /85 X — & % & 2 CHEGE ARE
# 5l finetuning_task="text-classification' 7z &£
)
print(f"Model config for {BASE_MODEL_NAME} loaded successfully.")
except Exception as e:
print(f"Error loading model config for {BASE_MODEL_NAME}: {e}")
raise

print("\n--- Cell 3: Basic/Common Settings Defined ---")
print(f'BASE_MODEL_NAME: {BASE_MODEL_NAME}")
print('NUM_LABELS: {NUM_LABELS}")
print(f"'OUTPUT_DIR_BASE: {OUTPUT_DIR_BASE}")
print(f'LEARNING_RATE: {LEARNING_RATE}")
print(f'BATCH_SIZE: {BATCH_SIZE}")
print('NUM_EPOCHS: {NUM_EPOCHS}")
print(f"Tokenizer type: {type(tokenizer)._ name__}")

print(f"HF Model Config type: {type(hf _model_config).  name__}")

4
# - k4 F—F X v M L compute_metrics BIS D EE (AKEAIIR) ---

from datasets import load_dataset

from sklearn.metrics import accuracy_score
import numpy as np

import torch

#-- 7= OVEE (R VI TERINTLEIETDH D) DR -
if ' BASE_MODEL_NAME' not in globals():

raise NameError("Global variable 'BASE_MODEL_NAME' is not defined. Please ensure Cell 3 has been executed.")
if 'tokenizer' not in globals():

raise NameError("Global variable 'tokenizer' is not defined. Please ensure Cell 3 has been executed.")

print(f"Starting dataset preparation using BASE_MODEL_NAME: {BASE_MODEL_NAME} and tokenizer:
{type(tokenizer).__name__}")

#1.7—%+tvy btou—F
try:
dataset_dict = load_dataset("imdb") # DatasetDict4 7’¢ =z 7 F & LCcu—F
print("IMDb dataset loaded successfully.")
except Exception as e:
print(f"Error loading IMDb dataset: {e}")
raise

#2. =74 XBIRDEE
def tokenize_function(examples):
return tokenizer(examples["text"], padding="max_length", truncation=True, max_length=256)

#3. 7=y rDLr—7FA4 X

try:
print("Tokenizing datasets...")
tokenized_train = dataset_dict["train"].map(tokenize_function, batched=True, remove_columns=["text"])
tokenized_test = dataset_dict["test"].map(tokenize_function, batched=True, remove_columns=["text"])
print("Tokenization complete for train and test splits.")

except Exception as e:
print(f"Error during tokenization: {e}")



raise

# 4. B - SHEH T — 2 & v O & h 7 AAEIE
try:
# 'label' /1 7 & 7% 'labels' i) % — 4
if label' in tokenized_train.column_names and 'labels' not in tokenized_train.column_names:
print("Renaming 'label' to 'labels' in tokenized_train...")
final_tokenized_train = tokenized_train.rename_column("label", "labels")
else:
final_tokenized_train = tokenized_train
if 'labels' not in final_tokenized_train.column_names:
print("Warning: 'labels' column expected but not found in final_tokenized_train.")

if label' in tokenized_test.column_names and 'labels' not in tokenized_test.column_names:
print("Renaming 'label' to 'labels' in tokenized_test...")
final_tokenized_test = tokenized_test.rename_column("label", "labels")
else:
final_tokenized_test = tokenized_test
if 'labels’ not in final_tokenized_test.column_names:
print("Warning: 'labels' column expected but not found in final_tokenized_test.")

# - Sodkok BRI AKB O 7= 4> 7VEe T 2 THRE kokok -
NUM_TRAIN_SAMPLES_FULL = 10 # #i: 10,000f}: (¥ 7-1% len(final_tokenized_train) ¢4:f})
NUM_EVAL_SAMPLES_FULL = 2 # #l: 2,500} (¥ 7z!& len(final_tokenized_test) T4ff)

#

# 70— L% e LT train_dataset & eval_dataset % 5E 7%

train_dataset = final_tokenized_train.shuffle(seed=42).select(
range(min(NUM_TRAIN_SAMPLES_FULL, len(final_tokenized_train)))

)

eval_dataset = final_tokenized_test.shuffle(seed=42).select(
range(min(NUM_EVAL_SAMPLES_FULL, len(final_tokenized_test)))

print(f"Train dataset created. Number of samples: {len(train_dataset)}")
print(f" Train dataset FINAL column names: {train_dataset.column_names}")
print(f"Evaluation dataset created. Number of samples: {len(eval_dataset)}")
print(f" Eval dataset FINAL column names: {eval_dataset.column_names}")

if len(eval_dataset) > 0: # =D 7= HER
print(f"First sample of EVAL_dataset (for column check): {eval_dataset[0]}")

except Exception as e:
print(f"Error creating or renaming train/eval datasets: {e}")
raise

# 5. BB RSO ER (7Y 7Y Y PEIEADOEFHE L TELTHRY)
def compute_metrics(eval_pred):
logits, labels = eval_pred
if labels is None or len(labels) ==
print("--- Inside compute_metrics: Received no labels or labels is None. Returning empty metrics. ---")
return {}
predictions = np.argmax(logits, axis=-1)
accuracy = accuracy_score(labels, predictions)
metrics_dict = {"eval_accuracy": accuracy}
# - TNy TRV b (RIEEARIZa X P77 FLTHRY) -
# print(f"--- Inside compute_metrics ---")
# print(f" eval_pred logits type: {type(logits)}, labels type: {type(labels)}")
# if hasattr(logits, 'shape’): print(f" eval_pred logits shape: {logits.shape}")
# if hasattr(labels, 'shape'): print(f" eval_pred labels shape: {labels.shape}")



# print(f" Predictions example (first 5): {predictions[:5]}")
# print(f" Labels example (first 5): {labels[:5]}")

# print(

# print(f" Returning metrics_dict: {metrics_dict}")

#-- ZZFETTNYITHTY Vb -

return metrics_dict

f" Calculated accuracy: {accuracy}")

print("\nDataset preparation cell (Cell 4) complete.")
print(f"Defined global variables: 'train_dataset' (size: {len(train_dataset)}), 'eval_dataset' (size: {len(eval_dataset)}),
‘compute_metrics™)
if callable(globals().get('compute_metrics')):
print("compute_metrics' function is defined and callable.")
else:
print("Warning: 'compute_metrics' function is NOT defined or not callable.")

X )5

# --- L6 EIR 7 7> a VR (SemanticConceptModule) D EFE ---

import torch

import torch.nn as nn

import torch.nn.functional as F

# from transformers import PretrainedConfig # model_configd> & > b ] (#6372 5)

class SemanticConceptModule(nn.Module):
def __init__ (self, input_dim, output_dim,
num_concepts=32, concept_dim=128,
model_config=None,
module_specific_config=None
):
super().__init_ ()
self.input_dim = input_dim
self.output_dim = output_dim
self.num_concepts = num_concepts
self.concept_dim = concept_dim

self.concept_prototypes = nn.Parameter(torch.randn(self.num_concepts, self.concept_dim))
nn.init.xavier_uniform_(self.concept_prototypes)

self.hidden_to_concept_proj = nn.Linear(self.input_dim, self.concept_dim)
self.concepts_to_integrate_proj = nn.Linear(self.concept_dim, self.input_dim)
self.activation = nn.ReLU()

if self.input_dim != self.output_dim:
self.final_projection = nn.Linear(self.input_dim, self.output_dim)

print(f"SemanticConceptModule defined and initialized: input_dim={self.input_dim]}, output_dim={self.output_dim}, "
f'num_concepts={self.num_concepts}, concept_dim={self.concept_dim}")

def forward(self, hidden_states, attention_mask=None, **kwargs):
projected_hidden = self.activation(self.hidden_to_concept_proj(hidden_states))
attention_scores = torch.matmul(projected_hidden, self.concept_prototypes.t())

if attention_mask is not None:
expanded_attention_mask = attention_mask.unsqueeze(-1).float()
attention_scores = attention_scores.masked_fill(expanded_attention_mask == 0, -1e9)

attention_weights = F.softmax(attention_scores, dim=-1)

contextual_concepts = torch.matmul(attention_weights, self.concept_prototypes)
projected_contextual_concepts = self.activation(self.concepts_to_integrate_proj(contextual_concepts))
fused_hidden_states = hidden_states + projected_contextual_concepts



if self.input_dim != self.output_dim:

output = self.final_projection(fused_hidden_states)
else:

output = fused_hidden_states

return {"last_hidden_state": output, "attention_weights": attention_weights}

def get_output_dim(self):
return self.output_dim

print("Cell 5: SemanticConceptModule class defined.")

X)L 6

# - & IL6: [EENIENHNEEE Y 2 —)L (DirectNonCommutativeModule) DEZ -
import torch

import torch.nn as nn

# from transformers import PretrainedConfig # model_configdf &t > + i (%7 5)

class DirectNonCommutativeModule(nn.Module):
def __init__ (self, input_dim, output_dim,
dropout=0.2,
model_config=None,
module_specific_config=None
):
super().__init_ ()
self.input_dim = input_dim
self.output_dim = output_dim
internal_dropout = module_specific_config.get("dropout”, dropout)
internal_processing_dim = module_specific_config.get("internal_processing_dim", input_dim * 2)

self.non_commutative_processor = nn.Sequential(
nn.Linear(input_dim * 2, internal_processing_dim),
nn.LayerNorm(internal_processing_dim),
nn.ReLU(),
nn.Dropout(internal_dropout),
nn.Linear(internal_processing_dim, input_dim)

)

self.lambda_param = nn.Parameter(torch.tensor(0.5))

if self.input_dim != self.output_dim:
self.final_integration_projection = nn.Linear(self.input_dim, self.output_dim)

print(f"DirectNonCommutativeModule defined and initialized: input_dim={input_dim]}, output_dim={output_dim}")

def forward(self, hidden_states, attention_mask=None, **kwargs):
batch_size, seq_len, local_input_dim = hidden_states.shape
device = hidden_states.device

if seq_len < 2:
# print("Warning: Seq_len < 2 in DirectNonCommutativeModule...") # 237 & F£R
if self.input_dim == self.output_dim:
return {"last_hidden_state": hidden_states, "non_commutative_effects_map": None}
else:
if not hasattr(self, 'final_integration_projection’):
temp_proj = nn.Linear(self.input_dim, self.output_dim).to(device)
return {"last_hidden_state": temp_proj(hidden_states), "non_commutative_effects_map": None}
return {"last_hidden_state": self.final_integration_projection(hidden_states), "non_commutative_effects_map": None}



non_commutative_effects_at_each_step = torch.zeros_like(hidden_states)

for i in range(seq_len - 1):
current_h = hidden_states|:, i, :]
next_h = hidden_states[:, i + 1, :]
forward_concat = torch.cat([current_h, next_h], dim=-1)
backward_concat = torch.cat([next_h, current_h], dim=-1)
forward_processed = self.non_commutative_processor(forward_concat)
backward_processed = self.non_commutative_processor(backward_concat)
non_comm_effect = self.lambda_param * (forward_processed - backward_processed)
non_commutative_effects_at_each_stepl:, i, :] += non_comm_effect

fused_hidden_states = hidden_states + non_commutative_effects_at_each_step

if self.input_dim != self.output_dim:

output = self.final_integration_projection(fused_hidden_states)
else:

output = fused_hidden_states

return {"last_hidden_state": output, "non_commutative_effects_map": non_commutative_effects_at_each_step}

def get_output_dim(self):
return self.output_dim

print("Cell 6: DirectNonCommutativeModule class defined.")

)7

# --- & L7: WAl 7S € 2 2 — )L (DiscontinuityEmergenceModule) DE# -

import torch

import torch.nn as nn

# from transformers import PretrainedConfig # model_configdT &t > + i (%7 5)

class DiscontinuityEmergenceModule(nn.Module):
def __init__ (self, input_dim, output_dim,
semantic_dim_for_discontinuity=12,
emergent_label_dim=24,
dropout=0.2,
model_config=None,
module_specific_config=None
):
super().__init_ ()
self.input_dim = input_dim
self.output_dim = output_dim
self.semantic_dim_for_discontinuity = module_specific_config.get("semantic_dim_for_discontinuity",
semantic_dim_for_discontinuity)
self.emergent_label_dim = module_specific_config.get("emergent_label_dim", emergent_label_dim)
internal_dropout = module_specific_config.get("dropout”, dropout)

self.feature_to_semantic_for_discontinuity = nn.Sequential(
nn.Linear(input_dim, input_dim // 2),
nn.ReLU(),
nn.Linear(input_dim // 2, self.semantic_dim_for_discontinuity),
nn.Tanh()

)

self.discontinuity_detector = nn.Sequential(
nn.Linear(self.semantic_dim_for_discontinuity * 2, 64),
nn.ReLU(),
nn.Dropout(internal_dropout),
nn.Linear(64, 1),
nn.Sigmoid()



)
self.emergent_label_generator = nn.Sequential(
nn.Linear(self.semantic_dim_for_discontinuity * 2, input_dim // 4),
nn.LayerNorm(input_dim // 4),
nn.ReLU(),
nn.Dropout(internal_dropout),
nn.Linear(input_dim // 4, self.emergent_label_dim),
nn.Tanh()
)
if self.input_dim + self.emergent_label_dim != self.output_dim :
self.integration_projection = nn.Linear(self.input_dim + self.emergent_label_dim, self.output_dim)
elif self.input_dim != self.output_dim:
self.integration_projection = nn.Linear(self.input_dim, self.output_dim)

print(f"DiscontinuityEmergenceModule defined and initialized: input_dim={input_dim}, output_dim={output_dim}, "
f'semantic_dim_disc=({self.semantic_dim_for_discontinuity}, emergent_dim={self.emergent_label_dim]}")

def forward(self, hidden_states, attention_mask=None, **kwargs): # hidden_states % input_features 7> & 2 #
batch_size, seq_len, _ = hidden_states.shape
device = hidden_states.device

semantic_features_for_discontinuity = self.feature_to_semantic_for_discontinuity(hidden_states)

discontinuity_scores = torch.zeros(batch_size, 0, device=device) # #Jii{k

if seq_len > 1:
sfd_t = semantic_features_for_discontinuity[:, :-1, :]
sfd_t_plus_1 = semantic_features_for_discontinuityl[:, 1, :]
combined_for_discontinuity = torch.cat([sfd_t, sfd_t_plus_1], dim=-1)
discontinuity_scores = self.discontinuity_detector(combined_for_discontinuity)
discontinuity_scores = discontinuity_scores.squeeze(-1)

emergent_labels_sequence = torch.zeros(batch_size, 0, self.emergent_label_dim, device=device)
if seq_len > 1:

# combined_for_discontinuity % FFfH

emergent_labels_sequence = self.emergent_label_generator(combined_for_discontinuity)

output_features = hidden_states

if emergent_labels_sequence.numel() > 0 and emergent_labels_sequence.shape[1] > O:
pooled_emergent_label = emergent_labels_sequence.mean(dim=1)
expanded_emergent_label = pooled_emergent_label.unsqueeze(l).expand(-1, seq_len, -1)
combined_features = torch.cat([hidden_states, expanded_emergent_label], dim=-1)

if hasattr(self, 'integration_projection’):
output_features = self.integration_projection(combined_features)

elif self.input_dim + self.emergent_label_dim == self.output_dim:
output_features = combined_features

# o (D7 3 =Ny 7 RRICHER Y v ZIEDHTO 2 — F 2 2H)

elif self.input_dim != self.output_dim :

if not hasattr(self, 'final_projection_fallback’): # __init_ TFEFZELTELRE
self.final_projection_fallback = nn.Linear(self.input_dim, self.output_dim).to(device)

output_features = self.final_projection_fallback(hidden_states)

return {
"last_hidden_state": output_features,
"discontinuity_scores": discontinuity_scores,
"emergent_labels_sequence": emergent_labels_sequence

def get_output_dim(self):
return self.output_dim



print("Cell 7: DiscontinuityEmergenceModule class defined.")

+ )8

# - 2 N7.1: Fa s 7HEEE Y 2 —)L (InterpretableHolographicReducer) D&% ---
import torch

import torch.nn as nn

import torch.nn.functional as F

# from transformers import PretrainedConfig # model_config>® & > b ] (@637 5)

class InterpretableHolographicReducer(nn.Module):
def __init_ (self, input_feature_dim, # BiDOREED & DR FILDRIT
num_key_concepts=16, # ML BRI SOR (7 A BUTHRY)
reduced_dim_per_concept=64, # Z#&OMEREEZ 7 FILRIT
model_config=None,
module_specific_config=None):
super().__init_ ()
self.input_feature_dim = input_feature_dim
self.num_key_concepts = module_specific_config.get("num_key_concepts", num_key_concepts)
self.reduced_dim_per_concept = module_specific_config.get("reduced_dim_per_concept", reduced_dim_per_concept)

self.key_concept_prototypes = nn.Parameter(
torch.randn(self.num_key_concepts, self.input_feature_dim)

im.init.xavier_uniform_(self.key_concept_prototypes)

self.reduction_projector = nn.Linear(self.input_feature_dim, self.reduced_dim_per_concept)
self.final_output_dim = self.num_key_concepts * self.reduced_dim_per_concept
print(f"InterpretableHolographicReducer initialized: input_dim={self.input_feature_dim}, "

f'num_key_concepts={self.num_key_concepts}, reduced_dim_per_concept={self.reduced_dim_per_concept},
f"total_output_dim=({self.final_output_dim]}")

def forward(self, hidden_states_sequence, attention_mask=None, **kwargs):
# hidden_states_sequence: (batch_size, seq_len, input_feature_dim)

reduced_concept_vectors_list = ]
# BHME T 0 b YA STTATY =7 v R e O 1 E R
for i in range(self.num_key_concepts):
# (batch_size, seq_len, input_feature_dim) & (input_feature_dim)
concept_specific_attention_scores = torch.matmul(
hidden_states_sequence, self.key_concept_prototypes[i].unsqueeze(-1)
).squeeze(-1) # (batch_size, seq_len)

if attention_mask is not None: # /7«4 ¥ 7 {5y % < A 7
concept_specific_attention_scores = concept_specific_attention_scores.masked_fill(attention_mask == 0, -1e9)

concept_specific_attention_weights = F.softmax(concept_specific_attention_scores, dim=1) # (batch_size, seq_len)

# 27 x4 kT hidden_states % BEAM E M BEZUCBIT 2 XURR 7 + )
context_vector_for_concept_i = torch.sum(

hidden_states_sequence * concept_specific_attention_weights.unsqueeze(-1), dim=1
) # (batch_size, input_feature_dim)

reduced_vector_for_concept_i = self.reduction_projector(context_vector_for_concept_i) # (batch_size,
reduced_dim_per_concept)
reduced_concept_vectors_list.append(reduced_vector_for_concept_i)



final_reduced_representation = torch.cat(reduced_concept_vectors_list, dim=1) # (batch_size, num_key_concepts *
reduced_dim_per_concept)

# COEY 2 —)VIRHERS N BEERR 7 PV EIE T
# CNDBRBD TR DERED AT LT B
return {
"last_hidden_state": final_reduced_representation,
# "concept_attention_weights": concept_global_attention_weights # (4 7> a v) &k & LT om0

def get_output_dim(self):
return self.final_output_dim

print("Cell 7.1: InterpretableHolographicReducer class defined.")

)9
# - LIVA: $ihE 7V & DebugTrainer®Es (A0 77 7 MEKE ¥ 2 — )V SHSHR) ---

from transformers import PreTrainedModel, AutoModel, AutoConfig, Trainer
from transformers.modeling_outputs import SequenceClassifierOutput

from torch.nn import CrossEntropyLoss

import torch

import torch.nn asnn # nn 2 2 TA ¥ R— F LTEL LHEE

import torch.nn.functional as F # F 2 2 A R — b+ LT LS

#LLTDARY KRS 2=V A, L DHIO®RL (5, 6,7,7.1) T
#FHHCERIN TS I L2AHRE L E T,

# - SemanticConceptModule

# - DirectNonCommutativeModule

# - DiscontinuityEmergenceModule

# - InterpretableHolographicReducer

print("--- Cell A: Defining EnhancedTransformerForSequenceClassification (Holographic Reduction Ready) and DebugTrainer

=)

# - #iA€ 7L: EnhancedTransformerForSequenceClassification ---
class EnhancedTransformerForSequenceClassification(PreTrainedModel):
def __init__ (self, hf config, base_model_name, num_labels, tech_flags=None, module_configs=None):
super().__init__(hf_config)
self.num_labels = num_labels
self.config = hf_config # Hugging Face®config4 7' = 7 b % {14

# R=Z2EFINDOU—FERE

self.base_model_prefix = self.config.model_type

core_model = AutoModel.from_pretrained(base_model_name, config=self.config)
setattr(self, self.base_model_prefix, core_model)

current_dim = self.config.hidden_size # X—2 € 71N DHIIRIG
self.tech_modules = nn.ModuleDict()

self.tech_flags = tech_flags if tech_flags is not None else {}
self.module_configs = module_configs if module_configs is not None else {}

#WEHT 2P 22— VOIETFZIS FEED R IFIUESEY A )
self.module_order = self.tech_flags.get("module_order", [])
self.active_module_names_in_order = [| # FEEIZHHHL E N7z € Y 2 — L DR % R FF

# module_order IZft > TE Y 2 —L & Gk
for module_key in self.module_order:
if module_key == "semantic_attention_module" and self.tech_flags.get("use_semantic_attention_module", False):



scm_config = self.module_configs.get(module_key, {})

module_output_dim = scm_config.get("output_dim", current_dim)

self.tech_modules[module_key] = SemanticConceptModule(
input_dim=current_dim, output_dim=module_output_dim,
num_concepts=scm_config.get("num_concepts", 32),
concept_dim=scm_config.get("concept_dim", 128), model_config=self.config,
module_specific_config=scm_config # € 2 — )VIEGEHKEZIE T

)

current_dim = module_output_dim

self.active_module_names_in_order.append(module_key)

print(f"{module_key} enabled and initialized. Output dim: {current_dim}")

elif module_key == "direct_non_commutative_module" and self.tech_flags.get("use_direct_non_commutative_module",
False):
dnc_config = self.module_configs.get(module_key, {})
module_output_dim = dnc_config.get("output_dim", current_dim)
self.tech_modules[module_key] = DirectNonCommutativeModule(
input_dim=current_dim, output_dim=module_output_dim,
dropout=dnc_config.get("dropout”, 0.2), model_config=self.config,
module_specific_config=dnc_config
)
current_dim = module_output_dim
self.active_module_names_in_order.append(module_key)
print(f"{module_key} enabled and initialized. Output dim: {current_dim}")
elif module_key == "discontinuity_emergence_module" and self.tech_flags.get("use_discontinuity_emergence_module",
False):
dem_config = self.module_configs.get(module_key, {})
module_output_dim = dem_config.get("output_dim", current_dim)
self.tech_modules[module_key] = DiscontinuityEmergenceModule(
input_dim=current_dim, output_dim=module_output_dim,
semantic_dim_for_discontinuity=dem_config.get("semantic_dim_for_discontinuity", 12),
emergent_label_dim=dem_config.get("emergent_label_dim", 24),
dropout=dem_config.get("dropout”, 0.2), model_config=self.config,
module_specific_config=dem_config
)
current_dim = module_output_dim
self.active_module_names_in_order.append(module_key)
print(f"{module_key} enabled and initialized. Output dim: {current_dim}")
elif module_key == "holographic_reduction_module" and self.tech_flags.get("use_holographic_reduction_module",
False):

hr_config = self.module_configs.get(module_key, {})

# InterpretableHolographicReducer 13 H £ ®get_output_dim()¢HIRITEIE T

# input_feature_dim 3 current_dim (§iJ& ot H1%I0)

self.tech_modules[module_key] = InterpretableHolographicReducer(
input_feature_dim=current_dim,
# num_key_concepts & reduced_dim_per_concept (& module_specific_config 7> 5 9
module_specific_config=hr_config,
model_config=self.config

)

current_dim = self.tech_modules[module_key].get_output_dim() # & DRIt HH

self.active_module_names_in_order.append(module_key)

print(f"{module_key} enabled and initialized. Output dim (classifier input): {current_dim}")

# D T 2 —L b FRRISEINATHE

self.dropout = nn.Dropout(self.config.hidden_dropout_prob if hasattr(self.config, 'hidden_dropout_prob’) else 0.1)
self.classifier = nn.Linear(current_dim, self.num_labels) # £/ 7%: current_dim 44 % AL
print(f"EnhancedTransformerForSequenceClassification initialized. Final classifier input dim: {current_dimj}.")

if self.active_module_names_in_order:



print(f" Applied modules (in order): {self.active_module_names_in_order}")
else:
print(" No additional tech modules applied (Baseline configuration).")

def forward(
self, input_ids=None, attention_mask=None, token_type_ids=None, labels=None,
return_dict=None, **kwargs ): # target_semantic_labels I3 kwargs I2& E N2 ED Lardizn o

# print(f"--- EnhancedTransformer.forward CALLED (is_training: {self.training}) ---")
# if labels is not None: print(f" Forward RECEIVED labels, shape: {labels.shape}")
# else: print(f" Forward did NOT receive labels this call.")

base_model_kwargs = { k: v for k, v in kwargs.items() if k in ["position_ids", "head_mask", "inputs_embeds",
"output_attentions", "output_hidden_states"]}

transformer_outputs = self.base_model(input_ids=input_ids, attention_mask=attention_mask,
token_type_ids=token_type_ids, return_dict=True, **base_model_kwargs)

current_features = transformer_outputs.last_hidden_state # (batch, seq_len, hidden_dim)
all_module_specific_outputs = {}

# module_order IZfE > TE Y a2 —)b % HXEH
for module_name_key in self.active_module_names_in_order: # __init_ CTEEICHHL I NAIETF Y 2 b %1
if module_name_key in self.tech_modules:
# print(f" Applying module: {module_name_key}")
# HolographicReductionModule (&> —77 ¥ 2% Z D, BEEEXR7 ML ERTRE
# ZNUNDEY 2 —NIES =7 Y AEZITRY , =7 v AR BT HE
# Z D43z HolographicReductionModule 23412 module_order OfZIZHK % &\ ) HifkIcED |
# b LTIk 2 8541%, current_features DIFRDE D 270, L D EHEL Gl 2

module_output_dict = self.tech_modules[module_name_key](current_features, attention_mask=attention_mask)
current_features = module_output_dict["last_hidden_state"]

for output_key, output_value in module_output_dict.items():
if output_key != "last_hidden_state":
all_module_specific_outputs[f"{module_name_key]}_{output_key}"] = output_value

# 7=

# HolographicReductionModule 2% & 117354 . current_features 1Z8£1Z (batch, reduced_dim) D133

# 2 TRVEAIE, BHEOCLSc—7 v R8Ik 7= v 7 %475

is_holographic_active_and_last = self.active_module_names_in_order and \
self.active_module_names_in_order[-1] == "holographic_reduction_module" and \
"holographic_reduction_module" in self.tech_modules

if is_holographic_active_and_last:
pooled_output = current_features # F 1 77 7#HHE Y 2 — VO U BEIC 7 =Y Y THR)
# print(f" Using Holographic Reduction output as pooled_output. Shape: {pooled_output.shape}")
else:
if current_features.ndim == 3: # (batch, seq, dim)
pooled_output = current_features[:, 0] # [CLS] +—2 v Z{#HH (¥ 7kt 7=V > )
# print(f" Using CLS token pooling. Shape: {pooled_output.shape}")
elif current_features.ndim == 2: # BRI 7=V v 7 FAROEE Bl HiOE Y 2 -0 7=V v 7 LI5E)
pooled_output = current_features
# print(f" Input 'current_features' is already pooled. Shape: {pooled_output.shape}")
else:
raise ValueError(f"Unsupported shape for current_features before classifier: {current_features.shape}")

pooled_output = self.dropout(pooled_output)
logits = self.classifier(pooled_output)

loss = None



if labels is not None:
loss_fct = CrossEntropyLoss()
loss = loss_fct(logits.view(-1, self.num_labels), labels.view(-1))
# if loss is not None: print(f" Forward CALCULATED loss: {loss.item()}")

# print(f"--- EnhancedTransformer.forward RETURNING ... ---")

final_outputs_tuple = (logits,)

#R=ZEFNOTELREE, L 2= 6 OINR T2 ZIRNICED 5

# (SN Y TR —RAETVOTEEL LD L, Y 2 — A5 DAENMT %K)

if hasattr(transformer_outputs, 'hidden_states') and transformer_outputs.hidden_states is not None:
final_outputs_tuple += (transformer_outputs.hidden_states,)

if hasattr(transformer_outputs, 'attentions') and transformer_outputs.attentions is not None:
final_outputs_tuple += (transformer_outputs.attentions,)

if all_module_specific_outputs:
final_outputs_tuple += (all_module_specific_outputs,)

if loss is not None:

return (loss,) + final_outputs_tuple
else:

return (None,) + final_outputs_tuple

# --- DebugTrainer 7 5 2 DEH (EHEHEZ L) -
class DebugTrainer(Trainer):
def prediction_step(
self, model: nn.Module, inputs: dict[str, torch.Tensor | nn.utils.rnn.PackedSequence],
prediction_loss_only: bool, ignore_keys: list[str] | None = None,
) -> tuple[torch.Tensor | None, torch.Tensor | None, torch.Tensor | None]:
# print(f"--- DebugTrainer.prediction_step CALLED ---")
model.eval()
with torch.no_grad(): model_outputs = model(**inputs)
loss = model_outputs[0] if model_outputs[0] is not None else None
logits = model_outputs[1] if len(model_outputs) > 1 and model_outputs[1] is not None else None
labels_out = inputs.get("labels")
if prediction_loss_only: return (loss, None, None)
return loss, logits, labels_out

print("Cell A: EnhancedTransformerForSequenceClassification (Holographic Reduction capable) and DebugTrainer defined.")

£N10
# - VB AR, 70— NVERUSy 7, HEIATEIR GRaRA) -
print("--- Cell B (Fully Integrated): Defining All Experiment Setups and Utilities ---")

# 1.8 E 72 % 70— OV ERDRER
required_globals_cell_B_full = [
'hf model_config', ' BASE_MODEL NAME', 'NUM_LABELS', 'OUTPUT_DIR_BASE',
'LEARNING_RATE', 'BATCH_SIZE', ' NUM_EPOCHS',
'EnhancedTransformerForSequenceClassification’,
'train_dataset', 'eval_dataset', 'tokenizer', 'compute_metrics',
'DebugTrainer’, 'Dataset’,
'‘SemanticConceptModule', 'DirectNonCommutativeModule',
'DiscontinuityEmergenceModule’, 'InterpretableHolographicReducer'
]
missing_globals_check_B_full = False
for var_name in required_globals_cell_B_full:
if var_name not in globals():
print(f'ERROR in Cell B (Fully Integrated): Global variable or class {var_name}' is not defined!")
missing_globals_check_B_full = True



if missing_globals_check_B_full:

raise NameError("One or more required global variables/classes for Cell B (Fully Integrated) are not defined. Please check
prerequisite cells (1 through A).")
else:

print("All prerequisite global variables and classes for Cell B (Fully Integrated) seem to be defined.")

# 2. EEHEROER (BEROR Y —v + xu I 7HFiHT A F)
experiment_configurations = [

#--R=RAF7LV -

{"name": "EO_Baseline", "tech_flags": {"'module_order": []}, "module_configs": {}, "# HAGE": "R—2 7 4 »"},

# - P—FY 2—)l -

{"name": "E1_SemanticAttention",

"tech_flags": {"module_order": ["semantic_attention_module"], "use_semantic_attention_module": True},

"module_configs": {"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf_model_config.hidden_size}}, "# HAZE": "SR 757> a2 v"),

{"name": "E2_DirectNonCommutative",

"tech_flags": {"module_order": ["direct_non_commutative_module"], "use_direct_non_commutative_module": True},

"module_configs": {"direct_non_commutative_module": {"output_dim": hf model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf_model_config.hidden_size}}, "# HAZE": "JET]#a"),

{"name": "E3_DiscontinuityEmergence",

"tech_flags": {"module_order": ["discontinuity_emergence_module"], "use_discontinuity_emergence_module": True},

"module_configs": {"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAGE": "Wribal¥E"),

# - 28V a— VOB ADYE (HFERE) -
{"name": "E4_SemAtt_then_NonComm",
"tech_flags": {"module_order": ["semantic_attention_module", "direct_non_commutative_module"],
"use_semantic_attention_module": True, "use_direct_non_commutative_module": True},
"module_configs": {"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf model_config.hidden_size},
"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf_model_config.hidden_size}}, "# HAGE" "7 7> > a v — JEA[a"),
{"name": "E5_NonComm_then_SemAtt",
"tech_flags": {"module_order": ["direct_non_commutative_module", "semantic_attention_module"],
"use_direct_non_commutative_module": True, "use_semantic_attention_module": True},
"module_configs": {"direct_non_commutative_module": {"output_dim": hf model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf _model_config.hidden_size},
"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf_model_config.hidden_size}}, "# HAZE": "JEA#L — Bk 7 57> a v,
{"name": "E6_SemAtt_then_DiscEm",
"tech_flags": {"module_order": ["semantic_attention_module", "discontinuity_emergence_module"],
"use_semantic_attention_module": True, "use_discontinuity_emergence_module": True},
"module_configs": {"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf model_config.hidden_size},
"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAZE" "BWK7 7> > a » — WikfudlFk",
{"name": "E7_DiscEm_then_SemAtt",
"tech_flags": {"module_order": ["discontinuity_emergence_module", "semantic_attention_module"],
"use_discontinuity_emergence_module": True, "use_semantic_attention_module": True},
"module_configs": {"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2},
"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf_model_config.hidden_size}}, "# HAGE": "Wiifigl7E — B 77> a v,
{"name": "E8_NonComm_then_DiscEm",
"tech_flags": {"module_order": ["direct_non_commutative_module", "discontinuity_emergence_module"],
"use_direct_non_commutative_module": True, "use_discontinuity_emergence_module": True},
"module_configs": {"direct_non_commutative_module": {"output_dim": hf model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf _model_config.hidden_size},
"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAZE": "JET# — WikaglFe"),
{"name": "E9_DiscEm_then_NonComm",



"tech_flags": {"module_order": ["discontinuity_emergence_module", "direct_non_commutative_module"],
"use_discontinuity_emergence_module": True, "use_direct_non_commutative_module": True},
"module_configs": {"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2},
"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf_model_config.hidden_size}}, "# HASZE": "Wifufl 5 — JEAH#a"),

# - 3EY 2 LOfAEDLYE

{"name": "E10_SemAtt_NonComm_DiscEm",

"tech_flags": {"module_order": ["semantic_attention_module", "direct_non_commutative_module",
"discontinuity_emergence_module"], "use_semantic_attention_module": True, "use_direct_non_commutative_module": True,
"use_discontinuity_emergence_module": True},

"module_configs": {

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim": hf model_config.hidden_size},

"direct_non_commutative_module": {"output_dim": hf model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf_model_config.hidden_size},

"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size, "semantic_dim_for_discontinuity": 12,
"emergent_label_dim": 24, "dropout": 0.2})}, "# HARGE": "BW 7 7> > a v — JEAH — Wiiaalss"),

{"name": "E11_NonComm_SemAtt_DiscEm",

"tech_flags": {"module_order": ["direct_non_commutative_module", "semantic_attention_module",
"discontinuity_emergence_module"], "use_direct_non_commutative_module": True, "use_semantic_attention_module": True,
"use_discontinuity_emergence_module": True},

"module_configs": {"direct_non_commutative_module": {"output_dim": hf model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf _model_config.hidden_size},

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf model_config.hidden_size},

"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAZE": "JET# — B 7 7> > a v — Wikl
Az,

{"name": "E12_DiscEm_SemAtt_NonComm",

"tech_flags": {"module_order": ["discontinuity_emergence_module", "semantic_attention_module",
"direct_non_commutative_module"], "use_discontinuity_emergence_module": True, "use_semantic_attention_module": True,
"use_direct_non_commutative_module": True},

"module_configs": {"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2},

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf model_config.hidden_size},

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf model_config.hidden_size}}, "# HAGE" "Wilft@lF — BR7 7> > a v — FEAHR"),

{"name": "E13_SemAtt_DiscEm_NonComm",

"tech_flags": {"module_order": ["semantic_attention_module", "discontinuity_emergence_module",
"direct_non_commutative_module"], "use_semantic_attention_module": True, "use_discontinuity_emergence_module": True,
"use_direct_non_commutative_module": True},

"module_configs": {"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf model_config.hidden_size},

"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2},

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf model_config.hidden_size}}, "# HAGE" "B 7 7> a v — WiflF — FEnfi"),

{"name": "E14_NonComm_DiscEm_SemAtt",

"tech_flags": {"module_order": ["direct_non_commutative_module", "discontinuity_emergence_module",
"semantic_attention_module"], "use_direct_non_commutative_module": True, "use_discontinuity_emergence_module": True,
"use_semantic_attention_module": True},

"module_configs": {"direct_non_commutative_module": {"output_dim": hf model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf_model_config.hidden_size},

"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2},

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf_model_config.hidden_size}}, "# HAZE": "JETHE — Wiffufll5 — Bk 7 57> > a v,

{"name": "E15_DiscEm_NonComm_SemAtt",



"tech_flags": {"module_order": ["discontinuity_emergence_module", "direct_non_commutative_module",
"semantic_attention_module"], "use_discontinuity_emergence_module": True, "use_direct_non_commutative_module": True,
"use_semantic_attention_module": True},

"module_configs": {"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2},

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf _model_config.hidden_size},

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim":
hf_model_config.hidden_size}}, "# HAZE": "WiifuglFE — JETHL — Bk 757> > a v,

#2075 7HREY 2 — L2 &0 T A PR
{"name": "E16_Baseline_then_HolographicReduction",
"tech_flags": {"module_order": ["holographic_reduction_module"], "use_holographic_reduction_module": True},
"module_configs": {"holographic_reduction_module": {"num_key_concepts": 16, "reduced_dim_per_concept": 32,
"reduction_type": "attention_pooling"}}, "# HAZE": "R—2 7 4 ¥ — Fr 1 77 7f#E#E(AttPool)"),
{"name": "E17_E6_then_HolographicReduction",
"tech_flags": {"module_order": ["semantic_attention_module", "direct_non_commutative_module",
"discontinuity_emergence_module", "holographic_reduction_module"],
"use_semantic_attention_module": True, "use_direct_non_commutative_module": True,
"use_discontinuity_emergence_module": True, "use_holographic_reduction_module": True},
"module_configs": {
"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128, "output_dim": hf model_config.hidden_size},
"direct_non_commutative_module": {"output_dim": hf model_config.hidden_size, "dropout": 0.2,
"internal_processing_dim": hf _model_config.hidden_size},
"discontinuity_emergence_module": {"output_dim": hf model_config.hidden_size, "semantic_dim_for_discontinuity": 12,
"emergent_label_dim": 24, "dropout": 0.2},
"holographic_reduction_module": {"num_key_concepts": 16, "reduced_dim_per_concept": 32, "reduction_type":
"attention_pooling"}}, "# HAGE": "BEHRAtt—=IEAa—WiiuflF— 1 77 7 (AttPool)"},
]

print(f"Total experiment configurations defined in Cell B (Fully Integrated): {len(experiment_configurations)}")

# 3. 7a— NV EBD Sy r—Il
global_variables_for_experiments = {
'hf model_config": hf model config, BASE_ MODEL_NAME" BASE_MODEL_NAME, 'NUM_LABELS": NUM_LABELS,
'OUTPUT_DIR_BASE'": OUTPUT _DIR_BASE, 'LEARNING_RATE'": LEARNING_RATE, 'BATCH_SIZE'": BATCH_SIZE,
'NUM_EPOCHS": NUM_EPOCHS,
'EnhancedTransformerForSequenceClassification': EnhancedTransformerForSequenceClassification,
'train_dataset": train_dataset, 'eval_dataset': eval_dataset, 'tokenizer": tokenizer,
‘compute_metrics': compute_metrics, 'DebugTrainer: DebugTrainer, 'Dataset': Dataset,
'‘SemanticConceptModule': SemanticConceptModule,
'DirectNonCommutativeModule': DirectNonCommutativeModule,
'DiscontinuityEmergenceModule': DiscontinuityEmergenceModule,
'InterpretableHolographicReducer’: InterpretableHolographicReducer
}

print("Global variables for experiments packaged.")

# 4. IOESEERFZTEIS (run_ablation_experiment)

def run_ablation_experiment(exp_config, global_vars_dict):
config_ name = exp_config["name"]
tech_flags = exp_config["tech_flags"]
module_cfgs = exp_config['module_configs"]

print(f"\n--- Running Experiment: {config_name} ---")
print(f" Technology Flags: {tech_flags}")
print(f" Module Configs: {module_cfgs}")

hf cfg = global_vars_dict['hf_model_config']
base_model_name_local = global_vars_dict['BASE_MODEL_NAME']
n_labels = global_vars_dict[NUM_LABELS'|

output_dir_base_local = global_vars_dict[ OUTPUT_DIR_BASE']

Ir = global_vars_dict{LEARNING_RATE']



bs = global_vars_dict[BATCH_SIZE']
n_epochs = global_vars_dict[NUM_EPOCHS']

enh_transformer_class_local = global_vars_dict['EnhancedTransformerForSequenceClassification']
tr_dataset = global_vars_dict['train_dataset']

ev_dataset = global_vars_dict['eval_dataset']

tok = global_vars_dict['tokenizer']

comp_metrics = global_vars_dict['compute_metrics']

dbg_trainer_class_local = global_vars_dict['DebugTrainer’]

dataset_class_local = global_vars_dict['Dataset']

if ev_dataset is not None and isinstance(ev_dataset, dataset_class_local):
if 'labels’ not in ev_dataset.column_names:
print(f" WARNING (inside run_ablation_experiment for {config_ name}): 'labels' column not found in eval_dataset!")
else:
print(f" Warning (inside run_ablation_experiment for {config_name}): eval_dataset not found or not a Dataset object.")

model = enh_transformer_class_local(
hf config=hf cfg, base_model name=base_model_name_local, num_labels=n_labels,
tech_flags=tech_flags, module_configs=module_cfgs

)

current_output_dir = {"{output_dir_base_local}{config_name}"

training_args = TrainingArguments(
output_dir=current_output_dir, learning_rate=Ir, per_device_train_batch_size=Dbs,
per_device_eval_batch_size=bs, num_train_epochs=n_epochs, weight_decay=0.01,
evaluation_strategy="epoch", logging_strategy="epoch", save_strategy="epoch",
load_best_model_at_end=True, metric_for_best_model="accuracy", report_to="none",
do_eval=True, remove_unused_columns=False,
# save_total_limit=1, # 74 A 7 FR %2 HNT 2546
)
trainer = dbg_trainer_class_local(
model=model, args=training_args, train_dataset=tr_dataset, eval_dataset=ev_dataset,
tokenizer=tok, compute_metrics=comp_metrics,
)
print(f"Starting training for {config_name}...")
eval_results_dict = {}
try:
trainer.train()
print(f"Training finished for {config name}.")
print(f"Starting final evaluation for {config_name} (with best model)...")
eval_results = trainer.evaluate()
print(f"Evaluation results for {config_name}: {eval_results}")
eval_results_dict = eval_results
except Exception as e:
print(f"!!! An error occurred during training or evaluation for {config_name]: {e} !!!")
import traceback
traceback.print_exc()
eval_results_dict = {"error": str(e), "eval_accuracy": float('nan'), "eval_loss": float('nan')}
return config name, eval_results_dict

# 5. 2T ORI Z %N 5 FEE O WL

all_experiment_results_summary = {}

print("\nCell B (Fully Integrated): All setups for running experiments are complete.")
print(f"To run experiments, execute the individual experiment cells (e.g., Cell_EO, Cell_E1, etc.) one by one.")

Fhga—F



EO

#EO-—- RX—=ZA5 4 v -
print("--- Executing Experiment E2_DirectNonCommutative (Baseline + Direct Non-Commutative) ---")

exp_to_run_name_e2 = "E2_DirectNonCommutative"
config_to_run_e2 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_eZ2), None)

if config_to_run_e2:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_eZ2, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e2}' not found.")

print(f"--- Finished Experiment E2_DirectNonCommutative ---")

El

# El---RIk 7 ~L
print("--- Executing Experiment E1_SemanticAttention (Baseline + Semantic Attention) ---")

exp_to_run_name_el = "E1_SemanticAttention"
config_to_run_el = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el), None)

if config_to_run_el:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_el, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el}' not found.")

print(f"--- Finished Experiment E1_SemanticAttention ---")

E2

# B2 — JETi

print("--- Executing Experiment E5_NonComm_then_SemAtt ---")

exp_to_run_name_eb5 = "E5_NonComm_then_SemAtt"
config_to_run_eb5 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e5), None)

if config_to_run_eb:
# ... (run_ablation_experiment OO L & fE R FER) ...
name, result = run_ablation_experiment(config_to_run_e5, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e5}' not found.")



print(f"--- Finished Experiment E5_NonComm_then_SemAtt ---")

E3

# E3 Wil s

print("--- Executing Experiment E3_DiscontinuityEmergence (Baseline + Discontinuity Emergence) ---")

exp_to_run_name_e3 = "E3_DiscontinuityEmergence"
config_to_run_e3 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e3), None)

if config_to_run_e3:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_e3, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e3}' not found.")

print(f"--- Finished Experiment E3_DiscontinuityEmergence ---")

E4

# Bd--- JEIR 7 ~)L + JE AR

print("--- Executing Experiment E13_SemAtt_DiscEm_NonComm ---")

exp_to_run_name_el3 = "E13_SemAtt_DiscEm_NonComm"

config_to_run_el3 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el3), None)

if config_to_run_el3:
name, result = run_ablation_experiment(config_to_run_el3, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el3}' not found.")
print(f"--- Finished Experiment E13_SemAtt_DiscEm_NonComm ---")

E5

# B5 — ST+ Rk S AL

print("--- Executing Experiment E5_NonComm_then_SemAtt ---")

exp_to_run_name_eb5 = "E5_NonComm_then_SemAtt"
config_to_run_eb5 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e5), None)

if config_to_run_eb:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_e5, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f&H% 7 0 — OV REE RN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e5}' not found in experiment_configurations.")



print(f"--- Finished Experiment E5_NonComm_then_SemAtt ---")

E6

# E6--- FIE 7~ + Wi gl 7 ---

print("--- Executing Experiment E6_SemAtt_then_DiscEm ---")

exp_to_run_name_e6 = "E6_SemAtt_then_DiscEm"

config_to_run_e6 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e6), None)

if config_to_run_e6:
name, result = run_ablation_experiment(config_to_run_e6, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e6}' not found.")
print(f"--- Finished Experiment E9_SemAtt_then_DiscEm ---")

E7

#E7 - Wi Bl FE + IR T L -

print("--- Executing Experiment E7_DiscEm_then_SemAtt ---")

exp_to_run_name_e7 = "E7_DiscEm_then_SemAtt"
config_to_run_e7 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e7), None)

if config_to_run_e7:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_e7, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f&5% 70 — OV REE RN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e7}' not found in experiment_configurations.")

print(f'--- Finished Experiment E7_DiscEm_then_SemAtt ---")

E8

# E8 Al + Wil g

print("--- Executing Experiment E§_NonComm_then_DiscEm ---")

exp_to_run_name_e8 = "E§_NonComm_then_DiscEm"
config_to_run_e8 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e8), None)

if config_to_run_e8:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_e8, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H% 7 v — L EEEIC KN
print(f"\n--- Results for {name} ---")
print(result)
else:



print(f"Configuration for '{exp_to_run_name_e8}' not found in experiment_configurations.")

print(f"--- Finished Experiment E11_NonComm_then_DiscEm ---")

E9

# B9 - W@z + FEm -

print("--- Executing Experiment E9_DiscEm_then_NonComm ---")

exp_to_run_name_e9 = "E9_DiscEm_then_NonComm"
config_to_run_e9 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e9), None)

if config_to_run_e9:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_e9, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H% 7 v — L EEEICHEN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e9}' not found in experiment_configurations.")

print(f"--- Finished Experiment E9_DiscEm_then_NonComm ---")

E10

# E10-- BWR7 7 > > a v+ JETTH 4 Wikl 5E

print("--- Executing Experiment E10_SemAtt_NonComm_DiscEm ---")

exp_to_run_name_el0 = "E10_SemAtt_ NonComm_DiscEm"

config_to_run_el0 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el0), None)

if config_to_run_elO:
# ... (run_ablation_experiment OO L & fE R FER) ...
name, result = run_ablation_experiment(config_to_run_el0, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el0}' not found.")
print(f"--- Finished Experiment E6_SemAtt_ NonComm_DiscEm ---")

El1

# E11---JE T+ 30k 7 7 > 3 a > + Wifu 56

print("--- Executing Experiment E11_NonComm_SemAtt_DiscEm ---")

exp_to_run_name_ell = "E11_NonComm_SemAtt_DiscEm"
config_to_run_ell = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_e7), None)

if config_to_run_el 1:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_el1, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H% 7 v — L EEEIC I



print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el1}' not found in experiment_configurations.")

print(f"--- Finished Experiment E11_NonComm_SemAtt_DiscEm ---")

El2

# E12 - W fIFE + 520k 5 ~ L + JETTHR

print("--- Executing Experiment E12_DiscEm_SemAtt NonComm ---")

exp_to_run_name_el2 = "E12_DiscEm_SemAtt_ NonComm"
config_to_run_el2 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el2), None)

if config_to_run_el2:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_el2, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H% 7 v — L EEEIC I
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_elZ2}' not found in experiment_configurations.")

print(f"--- Finished Experiment E12_DiscEm_SemAtt_NonComm ---")

E13

# E13---721k 5 ~OL + Wiff Al 76 + JE it

print("--- Executing Experiment E13_SemAtt_DiscEm_NonComm ---")

exp_to_run_name_el3 = "E13_SemAtt_DiscEm_NonComm"
config_to_run_el3 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el3), None)

if config_to_run_el3:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_el3, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H% 7 v — L EEEIZHEN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el3}' not found in experiment_configurations.")

print(f"--- Finished Experiment E13_SemAtt_DiscEm_NonComm ---")

El4

# 14 — FETTH+ WA FE + K 7 ~ oL
print("--- Executing Experiment E14_NonComm_DiscEm_SemAtt ---")
exp_to_run_name_el4 = "E14_NonComm_DiscEm_SemAtt"



config_to_run_el4 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el4), None)

if config_to_run_el4:
name, result = run_ablation_experiment(config_to_run_el4, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el4}' not found.")
print(f"--- Finished Experiment E14_NonComm_DiscEm_SemAtt ---")

E15

# E15 — Wiffalgs + JE i+ 3=k 5 <)L

print("--- Executing Experiment E15_DiscEm_NonComm_SemAtt ---")

exp_to_run_name_el5 = "E15_DiscEm_NonComm_SemAtt"
config_to_run_el5 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el5), None)

if config_to_run_elb5:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_el5, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f&5% 7’0 — OV REE TN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el5}' not found in experiment_configurations.")

print(f"--- Finished Experiment E15_DiscEm_NonComm_SemAtt ---")

E16

# --- &)L (l: 16): FhE E16_NonComm_SemAtt_Holo_DiscEm ® 57 ---

print("--- Executing Experiment E16_NonComm_SemAtt_Holo_DiscEm ---")

exp_to_run_name_el6 = "E16_NonComm_SemAtt_Holo_DiscEm"

config_to_run_el6 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el6), None)

if config_to_run_el6:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}
if 'global_variables_for_experiments' not in globals(): raise NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_el6, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el6}' not found.")
print(f"--- Finished Experiment E16_NonComm_SemAtt_Holo_DiscEm ---")

E17

# - &)L (Bl: 17): 3 E17_NonComm_Holo_SemAtt_Holo_DiscEm ® 57 ---
print("--- Executing Experiment E17_NonComm_Holo_SemAtt_Holo_DiscEm ---")



exp_to_run_name_el7 = "E17_NonComm_Holo_SemAtt_Holo_DiscEm"
config_to_run_el7 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el7), None)

if config_to_run_el7:
# ... (run_ablation_experiment OO L & fE R FER) ...
name, result = run_ablation_experiment(config_to_run_el7, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el7}' not found.")
print(f"--- Finished Experiment E17_NonComm_Holo_SemAtt_Holo_DiscEm ---")

E18

# --- &)L (H: 18): i E18_Holo_NonComm_Holo_SemAtt_Holo_DiscEm ® 547 ---

print("--- Executing Experiment E18_Holo_NonComm_Holo_SemAtt_Holo_DiscEm ---")

exp_to_run_name_el8 = "E18_Holo_NonComm_Holo_SemAtt_Holo_DiscEm"

config_to_run_el8 = next((config for config in experiment_configurations if config['name"] == exp_to_run_name_el8), None)

if config_to_run_el8:
# ... (run_ablation_experiment OO L & fE R FER) ...
name, result = run_ablation_experiment(config_to_run_el8, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_el8}' not found.")
print(f"--- Finished Experiment E18_Holo_NonComm_Holo_SemAtt_Holo_DiscEm ---")

AT L

ISR L R ROV <) —Fon EMEHR ) -
import pandas as pd
import matplotlib.pyplot as plt
import datetime
import numpy as np # NaN% 4% 72 %

print("--- Generating Final Experiment Report ---")

# all_experiment_results_summary & experiment_configurations 237E # X 41T\ 5 2R

if 'all_experiment_results_summary' not in globals() or not isinstance(all_experiment_results_summary, dict):
print("ERROR: 'all_experiment_results_summary' dictionary is not defined or not a dictionary.")
print("Please ensure all experiment execution cells have run correctly and stored their results.")
# ZDRIVPIEDNE % thl L 72 W4 13 raise NameError(...) 5t
all_experiment_results_summary = {} # Z£DfEEE L CUHEEZHT 5 (LR — MMIREMNIZRS)

if 'experiment_configurations' not in globals() or not isinstance(experiment_configurations, list):
print("ERROR: 'experiment_configurations' list is not defined or not a list.")
print("Please ensure Cell B (or the cell defining experiment_configurations) has been executed.")
experiment_configurations = [] # 24DV A F & L CUEZHET 5

if not all_experiment_results_summary:
print("No experiment results found in 'all_experiment_results_summary' to generate a report.")
else:
print(f"Found {len(all_experiment_results_summary)} entries in all_experiment_results_summary.")
report_data = ]



for config_name_key, metrics_dict_value in sorted(all_experiment_results_summary.items()):
row = {'Experiment Name': config_name_key}

config_details_found = False
for config_detail in experiment_configurations:
if config_detail.get(name') == config_name_key:
current_tech_flags = config_detail.get('tech_flags', {})
tech_flags_str_parts = []

# module_order H iU ZNnZItic, & iF4UL tech_flags D True DbDE YA LT v 7
if "module_order" in current_tech_flags and isinstance(current_tech_flags["module_order"], list):
for module_key_in_order in current_tech_flags["'module_order"]:
# tech_flags @ use_... 2% True » b iR
# Y245 "use " & "_module” RV bDERRLLET S
# f: "semantic_attention_module" -> "semantic_attention"

display_name = module_key_in_order.replace("use_", "").replace("_module",

# A7 7 7 HHER (LD THICT 2% 5)
is_module_enabled_flagl = current_tech_flags.get(f"use_{display_name}_module", False)
is_module_enabled_flag2 = current_tech_flags.get(f"use_{module_key_in_order}", False) # 54— b B &
if is_module_enabled_flagl or is_module_enabled_flag2:
tech_flags_str_parts.append(display_name)
else: # module_order 237\ 58
for flag, enabled in sorted(current_tech_flags.items()):
if enabled and flag.startswith("use_"):
tech_flags_str_parts.append(flag.replace("use_", "").replace("_module", "))
row['Enabled Modules'] = " -> ".join(tech_flags_str_parts) if tech_flags_str_parts else "Baseline"

module_configs_str_parts = []
for mc_key, mc_val in sorted(config_detail.get('module_configs', {}).items()):

module_configs_str_parts.append(f"{mc_key.replace(_module',")} Params: {str(mc_val)}") # mc_val%stric

row['Module Parameters'] = "; ".join(module_configs_str_parts) if module_configs_str_parts else "N/A"
config_details_found = True
break

if not config_details_found:
row['Enabled Modules'] = "N/A"
row['Module Parameters'] = "N/A"

# metrics_dict_value 25fECTH 5 Z & # iR
if isinstance(metrics_dict_value, dict):

row.update({k: v for k, v in metrics_dict_value.items() if isinstance(v, (int, float, str, bool, np.number))})
else:

print(f"Warning: metrics_dict_value for {config_name_key} is not a dictionary: {metrics_dict_value}")
report_data.append(row)

if not report_data:
print("No data processed for the report DataFrame.")
else:
report_df = pd.DataFrame(report_data)
print("\n--- DataFrame for Report ---")
if not report_df.empty:
print(report_df) # DataFrame® N % #£R

#---1.CSV7 74 )L & LCRffllT— % 2ty -
csv_filename = f"ablation_study_final_results_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S')}.csv"
try:
report_df.to_csv(csv_filename, index=False, encoding="utf-8-sig’)
print(f"\nDetailed experiment results saved to {csv_filename}")
# from google.colab import files # ColabBRET¥ v v u— F¥ 2854
# files.download(csv_filename)
except Exception as e:



print(f"Error saving CSV: {e}")

# - 2. T XA P R—ZDOWEHE A -
report_text_parts_list = [| # Y 2 F % %225

report_text_parts_]iSt'append("::::::::::::::::::::::::::::::::::::::::")
report_text_parts_list.append(" 7 7L —3 2 v EERkE ER A E")
report_text_parts_]iSt'append("::::::::::::::::::::::::::::::::::::::::")

report_text_parts_list.append(f"#ts5 HR: {datetime.datetime.now().strftime('%Y4:%mH %d H %HKR;:%M43%S#")}")
report_text_parts_list.append("\n--- FZEFHFLE ---")
report_text_parts_list.append(f"5&jiti L 7z SZEaRERK %L {len(experiment_configurations)}")
if BASE_MODEL_NAME!' in globals():
report_text_parts_list.append(f"X—2Z 7 4 ~ € 5)L: (BASE_MODEL_NAME}")
report_text_parts_list.append("\n--- #F# ¥ <Y — 5 — 71 (DataFrame to_string) ---")
try:
report_text_parts_list.append(report_df.to_string(index=False, float_format="%.4f", na_rep="N/A"))
except Exception as e:
report_text_parts_list.append(f"Error formatting table with to_string: {e}")

report_text_parts_list.append("\n--- T X + Y 7 2 (eval_accuracy) DELEHR A > + ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
report_text_parts_list.append("eval_accuracylZBI9 2 GRS RBH D A, ")
else:
try:
# 'E0_Baseline' 25453 % D>z
if 'EO_Baseline' in report_df['Experiment Name'].values:
baseline_accuracy_series = report_df[report_df['Experiment Name'] == 'EO_Baseline'|['eval_accuracy']
if not baseline_accuracy_series.empty and not pd.isna(baseline_accuracy_series.iloc[0]):
baseline_accuracy = baseline_accuracy_series.iloc[0]
report_text_parts_list.append(f'- X—2 7 A >~ (E0_Baseline) ® eval_accuracy: {baseline_accuracy:.4f}")

for index, row in report_df.iterrows():
if row['Experiment Name'] != 'EO_Baseline' and pd.notna(row['eval_accuracy']):
change = row['eval_accuracy'] - baseline_accuracy
change_percent = (change / baseline_accuracy) * 100 if baseline_accuracy != 0 else float(inf)
report_text_parts_list.append(
f'- {row['Experiment Name']}: eval_accuracy = {row['eval_accuracy']:.4f}
f'(R—=2Z 7 4 ~[t: {change:+.4f}, {change_percent:+.2}%)"

)
elif row['Experiment Name'] !="EO_Baseline":
report_text_parts_list.append(f'- {row[Experiment Name']}: eval_accuracy = N/A")
else:
report_text_parts_list.append(""—2Z 7 A ¥ Deval accuracy2S o556 &\, N/ATT, ")
else:
report_text_parts_list.append("EO_Baseline OfEHENEO ) 8 A, ")
except Exception as e: # kX DJA#fik L7 —F ¥ v F
report_text_parts_list.append(f"eval_accuracy&%Hic = 7 —: {e}")

report_text_parts_list.append("\n--- EMK 2L (H) ---")

report_text_parts_list.append(" (Z 212, &£E Y 2 —VOREPL, FED AN T 2 EHD LA £, Bl T TIRRRA %A
WEREGRL £9) )

report_text_parts_list.append("\n========================================")

report_text_parts_list.append(" WEHEKDDY

report_text_parts_list.append('========================================")

final_report_text_content = "\n".join(report_text_parts_list) # 2% % 25
print(f"\n{final_report_text_content}")

report_filename_txt = f"ablation_study_summary_report_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S'")}.txt"
# BB E L
try:



with open(report_filename_txt, "w", encoding="utf-8") as f: # Z¥ 4 % £ H
f.write(final_report_text_content)
print(f"\nSummary report saved to {report_filename_txt}")
except Exception as e:
print(f"Error saving text report: {e}")

#--- 3. X MY 7 AD T T 71k (eval_accuracyDigE s 7 7) ---
print("\n--- Generating Accuracy Comparison Graph ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
print("No valid eval_accuracy data to plot for the graph.")
else:
try:
# NaN% 7’1 v FHIICOICTER (B 2 IZNaNZ BRI 3 2 08 & Ml mr)
accuracies_for_plot_graph = pd.to_numeric(report_df['eval_accuracy'], errors='coerce').fillna(0.0) # 254 % 2 H
config_names_for_plot_graph = report_df[Experiment Name'] # %4 % 25

plt.figure(figsize=(12, max(6, len(report_df) * 0.5)))

bars = plt.barh(config_names_for_plot_graph, accuracies_for_plot_graph, color='lightcoral') # (&% 2%
plt.xlabel("Evaluation Accuracy (eval_accuracy)") # Xiilj 7 ~)L % BHffE{l

plt.ylabel("Experiment Configuration")

plt.title("Ablation Study: eval_accuracy Comparison") # %A kL % (k.

plt.gca().invert_yaxis()

plt.xticks(rotation=30, ha="right")

for bar in bars:
width = bar.get_width()
plt.text(width + 0.005, bar.get_y() + bar.get_height()/2,
f{width:.4f}', va='center', ha='"left')

plt.tight_layout()
graph_filename_png =
f"eval_accuracy_comparison_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S")}.png" # ¥4 % 2%
plt.savefig(graph_filename_png) # ¥4 % &%
print(f"Accuracy comparison graph saved to {graph_filename_png}")
plt.show()
except Exception as e:
print(f"Error generating graph: {e}")
import traceback
traceback.print_exc() # T 5 — 3£l 2 FR
else:
print("Report DataFrame is empty. Cannot generate CSV, text report, or graph.")

print("\n--- Report Generation Cell Complete ---")






