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#EH I A TV R ET A VAL LTI Y = RIRBIZT 2
Ipip uninstall -y transformers accelerate peft sentence-transformers datasets -q

#HHEN—Ya v TIAT IV R VAL

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— a ¥ %#0.25.01C[H%E (F 72130.26.1)

#EHEZHEHT 2720 h — 3L % FE)
import os
os.kill(os.getpid(), 9)

)1

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

)2
#--—-2N2: 94T FVDLVE—}F -

import torch
import torch.nn as nn
import torch.nn.functional as F # SemanticConceptModule T F.softmax Z{#iffl 3 % 72 &

from transformers import (
AutoModelForSequenceClassification,
AutoTokenizer,
Trainer,
TrainingArguments,
AutoConfig,
PreTrainedModel,
AutoModel
)
from transformers.modeling_outputs import SequenceClassifierOutput # € 5L D H A
from torch.nn import CrossEntropyLoss # 87%BH%H

from datasets import load_dataset, Dataset # % Dataset 7 7 A% A /R — b

import numpy as np
from sklearn.metrics import accuracy_score # FPAfifEEEEH5H

import itertools # FEERGEA LM (F NI FENEF 72 O THE ICIZIAZETT 23, FERIVICHE ) vRgtE D)



# (b LIS REHES £ 777 ) BH UL T ZITHEMLTLZE W)
# import os # (L V1 CHEHFEALD T, I 2 TIEBHETIEZR)

# import json

# import time

# import datetime

# (b L2777 il & %2479 %613, matplotlibZza &'d 2 2TA Y R— 1)
# 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.")

I3

#--- 2IL3: FREE - BN T A—F -

from transformers import AutoTokenizer, AutoConfig # HEHZb D% A A —F (L L2TA Y F— b3
A7% 6 HE 2 EE T T H OK)

# - BRI 22 EE -

BASE_MODEL_NAME = "bert-base-uncased" # ~X—2 & 7 2 = EF AT TV DL
NUM_LABELS = 2 # MY AT D5 RVE B: IMDb7 & KL F 4 T/2H T4 7T D2)
OUTPUT_DIR_BASE = "./experiment_results/" # FZE#EEOHBIER—2F4 1L 27~

# - AR 2 A R— 85 X =5

LEARNING_RATE = 2e-5 # 2R
BATCH_SIZE = 1 # Ny FHA X (GPUXEY 7= I2H U TH%)

# CPUFEITOHA /NI O W 1902)12 L 28\ EIFFIBEO TR S ) £ 7
NUM_EPOCHS = 1 # A E Y 7B RENEL 2 8T A L L, B Ui d)

#- b= F AV —LETAHKEDT—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 # 7 —3FEA L 72 o MR & {5 1k

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
# IS U Tl AutoConfigd /8 5 X — % ¥ & 2 CikaE il fE
# #l: 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("fNUM_LABELS: {NUM_LABELS}")
print(f"'OUTPUT_DIR_BASE: {OUTPUT_DIR_BASE}")
print("LEARNING_RATE: {LEARNING_RATE}")
print(f'BATCH_SIZE: {BATCH_SIZE}")

print(f"fNUM_EPOCHS: {NUM_EPOCHS}")

print(f"Tokenizer type: {type(tokenizer)._ name__}")

print(f"HF Model Config type: {type(hf_model_config).__name__}")

4
#--- )4 F—F X v MU & compute_metrics BB DERE (AFETK) ---

from datasets import load_dataset

from sklearn.metrics import accuracy_score
import numpy as np

import torch

#-- 7R —NVEE (RVITERIN TV SIETOH 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__}")



#1.95—%+ty toua—F
try:
dataset_dict = load_dataset("imdb") # DatasetDict4 7Y =7 F & LTr—F
print("IMDDb dataset loaded successfully.")
except Exception as e:
print(f"Error loading IMDDb dataset: {e}")
raise

#2. =7 A ABBDOEHE
def tokenize_function(examples):
return tokenizer(examples["text"], padding="max_length", truncation=True, max_length=256)

#3. 7%y bDL—U7FAX
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. JIFH - ST — % 2 v b OEfi & h 7 L HEIE
try:
# 'label' /1 7 1 % 'labels' 12V % — A
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.")

# - Sokok AENRFEBRHO T =53 v 7V % 2 2 TRE dokk -
NUM_TRAIN_SAMPLES_FULL = 10 # #: 10,0004 (¥ 7-1Z len(final_tokenized_train) ¢4{})
NUM_EVAL SAMPLES FULL = 2  # #l: 2,500f (¥ 7-1Z len(final_tokenized_test) T4)



# 70— VL LT train_dataset & eval_dataset % &%

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= HFER
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. FHEHEEGI RIS OER (TN 77V Y MIESIDE FERLTELTHRY)
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": accuracyy}

#--- TNy TR v b (RIEEARHEZ 22X 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(f" Calculated accuracy: {accuracy}")

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

#-- ZZFETTNAYIHTI b -

return metrics_dict

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.")

)5

# - kU5 ERT 7Y a R (SemanticConceptModule) DEF ---

import torch

import torch.nn as nn

import torch.nn.functional as F

# from transformers import PretrainedConfig # model_confign>#it > + ] (637 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.")

+ L6

# --- L6 BEENIERHIRE 2 2 — )L (DirectNonCommutativeModule) D& ---
import torch

import torch.nn as nn

# from transformers import PretrainedConfig # model_confign>#it > + ] (637 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...") # %% 7 5 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



# --- &7 WikaAlF € 2 2 —)L (DiscontinuityEmergenceModule) D E# ---

import torch

import torch.nn as nn

# from transformers import PretrainedConfig # model_config® %t > F Al (37 &)

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.ReLUY),
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.ReLUY),
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> & 28
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{t

if seq_len > 1:
sfd_t = semantic_features_for_discontinuity[:, :-1, :]
sfd_t_plus_1 = semantic_features_for_discontinuity([:, 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 7% ] H

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[l] > 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

#.. (D7 5 =Ny 7 RRgGHE O Yy 7 IZDTD 2 — F 2 2HH)

elif self.input_dim != self.output_dim :

if not hasattr(self, 'final_projection_fallback'): # __init. TEZRE L TERE
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.")

+ L8

# - 2 NT7.1: da o 7fEkE Y 2 —)L (InterpretableHolographicReducer) O € ---
import torch

import torch.nn as nn

import torch.nn.functional as F

# from transformers import PretrainedConfig # model_confign>#it > + ] (637 5)

class InterpretableHolographicReducer(nn.Module):
def _init_ (self, input_feature dim, # HiDOFEED & DR 7 ML DRI
num_key_concepts=16, # 8L T B BEWAES OB (7 b A EITHY)
reduced_dim_per_concept=64, # P& OMHE X7 P LRIt
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)

)

nn.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 = ]
# KHEMEE 7 0 b YA T TAIIY = v AL D O 1R K
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: # 854 ¥ 75 % <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)

# 2D = A T hidden_states % B AN EH (BERICEET 2 3URR 7 b )
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)

# ZOEY 2 VIFERS NAEERR Y PV RIRT
# BRI D TR DIELD AN &7 %
return {
"last_hidden_state": final_reduced_representation,
# "concept_attention_weights": concept_global_attention_weights # (4 7> a v) &k LTE
DY TEMAL L 725
}

def get_output_dim(self):
return self.final_output_dim

print("Cell 7.1: InterpretableHolographicReducer class defined.")
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# - RIVA: Hi&E 7V EDebugTrainer® &5 (A1 7' 7 §EHE S 2 — VA GIR) ---

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

from torch.nn import CrossEntropyLoss

import torch

import torch.nnasnn # nn 2 ZCA Y HR—F LTEL LHEH

import torch.nn.functional as F # F § 2 ZCTA v A —F LTEL LIifEHE



FOUTOAATLEY 2=V T AN, ZNLHHETDXIL (I, 6,7, 7.1) T
#BCERIN TR I E2HIREL £T,

# - SemanticConceptModule

# - DirectNonCommutativeModule

# - DiscontinuityEmergenceModule

# - InterpretableHolographicReducer

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

# --- ¥i4&€ 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®config?4 7’3 = 7 + #{#17

# R=ZEFNLDOU—FEHE

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 €57/ DHIIRIT
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 {}

#WHT 2 EY 2— VDT Z BT FREV R T IUIZZY A T)
self.module_order = self.tech_flags.get("module_order", [])
self.active_module_names_in_order = [| # FEBRIcHHL I Nz € Y 2 — NV DER % (£

# module_order It > TEY 2 — L 2 HHHL
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 2 — )VIEHHRE X TET
)
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 1% H & ®get_output_dim()TH /1Rt %K §
# input_feature_dim (& current_dim (57D J& o HS12%I0)
self.tech_modules[module_key] = InterpretableHolographicReducer(
input_feature_dim=current_dim,
# num_key_concepts & reduced_dim_per_concept (& module_specific_config 7> 5 JE
module_specific_config=hr_config,
model_config=self.config
)
current_dim = self.tech_modules[module_key].get_output_dim() # ik DRI HH;
self.active_module_names_in_order.append(module_key)
print(f"{module_key} enabled and initialized. Output dim (classifier input): {current_dim}")

#fhDEY 2 —)Ld FEERICEINAEE

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) # Hf&4 7% current_dim T4 ss Z #1HI{L



print(f"EnhancedTransformerForSequenceClassification initialized. Final classifier input dim:
{current_dim}.")
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 |& kwargs & EN2ED LS EL2 5

# 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 2 — )L % IERE
for module_name_key in self.active_module_names_in_order: # __init_ THEEIZ#I{L Z 1172 )H
£ R+ 2 i
if module_name_key in self.tech_modules:
# print(f" Applying module: {module_name_key}")
# HolographicReductionModule (&> —7 > 2% ZIFHY | BEEEX7 MLz R $THE
# ZNDANDEY 2= NVIES =7 Y ARRZITIY , ¥ =7 v ARBTHE
# Z D47l ix HolographicReductionModule 3% 12 module_order DIk % &\ 9 Hifd
[ SO
# b Ligddc k28413, current_features DIGIRDIE D B 728, K ) EHE 7 HIGHAS 65

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= v

# HolographicReductionModule 2%#H S #117:854. current_features (ZBEIZ (batch,
reduced_dim) ® 7"

# Z2)ThuEEIE, BEOCLS =27 v licks 7= v 7 %2179

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 # &1 277 7#HHEE Y 2 — VO HI (BRI 7= ¥ T R)
# 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[:, O] # [CLS] b—2 v Zfif] (£ 713 fhd 7=V » )
# print(f" Using CLS token pooling. Shape: {pooled_output.shape}")
elif current_features.ndim == 2: # BEIC 7=V ¥ A DEGE Bl BIOES 2 =LA 7—=Y v
L 7256)
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,)
#N—2ZEFNOFERHNE, Y 2 =D 5 ORI N2 BRI & D 5
# (GHNEY Y TNVICR=ZAETNVOEELRIDE, TP 2= 6 DB %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 7 A DEFH (L7 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.")

10
# - % )UB: K, 70— VRS y 7 IREFTRIB TR Ahk) -
print("--- Cell B (Fully Integrated): Defining All Experiment Setups and Utilities ---")

# 1. BIHE & 2 % 70— VAR DHER
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. R OER (BEEOERANY—v + x0 77 78T A )

experiment_configurations = [



#-- =254

{"name": "EO_Baseline", "tech_flags": {"module_order": []}, "module_configs": {}, "# HAGZE": ""—Z 5
A }

#---H—E2—)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": "HEW7 7> a »"),

{"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": "JEA[#4"},

{"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": "WiilalFE"),

# -2V 2a—NVoOflAEDYE (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}}, "# HAZE": "BHK 77> a v
— JER[HA"),
{"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}}, "# HAGE": "JE0#ft — Bk 7 57> 3 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": "FEW 7 T
v¥oa v — MRz,

{"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}}, "# HAZE": "Wikugls — BWH 757> 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}}, "# HAGE": "JEA[# —
Wt E"),

{"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}}, "# HAZE": "Wkl — JEnT
1),

#---3EY 2 LOMAKDE -

{"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}}, "# HAZE": "FEW 7 T
v¥oa v — JEnf — WAz,

{"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}}, "# HAGE": "JEA[# —
BT 7y a v — Wialzs",

{"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}}, "# HAZE": "WifulF — =
7T vy a vy — JER,

{"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}}, "# HAZE": "BW 7 57> a3~
— Wi AlFE — JERfa"),

{("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": "JEAJ#L — WikuBlF — Bk 757> a "),

{("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": "Wifffl % — JENH — Bk 7 57> a "),

# - A0S T IHERE Y 2 — LB EL T A MK -

{"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 74 ~ = &
a 7' 7 #ik(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"}}, "# HAZE": "=IEAtt—IE Wil F— 5 1 275 7 (AttPool)"},
|
print(f"Total experiment configurations defined in Cell B (Fully Integrated):
{len(experiment_configurations)}")

# 3. 7 —NIVERD Ny =1k
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. @SR T4 (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 = f"{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, # 71 A 7 KEZHINT 2856



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.trainy)
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"l!! 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. e COIERRE R 2 M8 3 5 TS DL

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_El, etc.) one
by one.")

FEhra—F
EO

# EQO--- X=X 57 AV ---
print("--- Executing Experiment EZ2_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_e2), 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_eZ2}' not found.")

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

El

# E1---BE 7 X)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

# E2 --- JET] {4

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

exp_to_run_name_e5 = "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 OFEONH L & &% HASHX FER) ...
name, result = run_ablation_experiment(config_to_run_e5b, 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_eb5}' not found.")
print(f"--- Finished Experiment E5_NonComm_then_SemAtt ---")

E3

# E3 Wi Al 78

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--- BUR 7~V +IETTH -

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 ---")

Eb



# E5 - JER[Ha+ ZR 7 X)L
print("--- Executing Experiment E5_NonComm_then_SemAtt ---")

exp_to_run_name_e5 = "E5_NonComm_then_SemAtt"
config_to_run_eb5 = next((config for config in experiment_configurations if config['name"] ==
exp_to_run_name_eb), 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_e5b, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H % 70 — )UEEE &N
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

# B6--- IR T L + Wikl -

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 --- Wil FE 4+ EIR 7 )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 # f5H£ % 7 0 — HUEEE TN
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 ---")

ES8

# E8 ——-JEn] i+ Wrifu @l FE -

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 # f5H£ % 70— HUEEE TN
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

# BO - WFALAISE + TR -

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 # f5H£ % 7 0 — HUEEE TN
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

# B10-- EUE7 7 v > a v+ IEnTH -+ Wik Al 78

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_el0:
# ... (run_ablation_experiment OFEONH L & &% HASHX 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---JEn[#a+ Bk 7 7 > > a v + Wiffu ¥

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_el1:
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 1, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H % 70 — )UEEE &N
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_el 1}' not found in experiment_configurations.")

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

El2

# E12 - Wik AlFE + 320k 5 ~OL + JE )i

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_elZ2, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f5H£ % 70— HUEEE TN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_el2}' not found in experiment_configurations.")

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

El3

# B13---E0k 5~ + Wil 5 + JEaf

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 # f5H£ % 7 0 — HUEEE TN
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 - JEn]ifa -+ Wit RlFE + 2R 7 b

print("--- Executing Experiment E14_NonComm_DiscEm_SemAtt ---")

exp_to_run_name_el4 = "E14_NonComm_DiscEm_SemA(t"

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_el14}' not found.")
print(f"--- Finished Experiment E14_NonComm_DiscEm_SemAtt ---")

E1l5

# E15 - WifflFE + IE ]+ Bk 7 oL

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

exp_to_run_name_el5 = "E15_DiscEm_NonComm_SemA t"
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 # #5H % 70 — )UEEE &N
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 (: 16): FEEx E16_NonComm_SemAtt_Holo_DiscEm @ %47 ---

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 (fl: 17): %8k E17_NonComm_Holo_SemAtt_Holo_DiscEm ®947 ---

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 OFEOVH L & &% HASHX 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 (F: 18): ik E18_Holo_NonComm_Holo_SemAtt_Holo_DiscEm ® %47 ---

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 OFEONH L & &% HASHIX 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 ---")

A2 v

# - &R L RFEBHIRO Y <) —FOR EREE I -
import pandas as pd

import matplotlib.pyplot as plt

import datetime

import numpy as np # NaN# 9 72 &

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

# all_experiment_results_summary & experiment_configurations 737 7% X 11T > 2 iR
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.")
# ZOXINVLIED M Z Gl L 72 5413 raise NameError(...) & gt
all_experiment_results_summary = {} # 2¢DfFE & L TUBEZHT 2 (LR — FZRENICTER D)



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 = [] # 22DV A + & L CUFZ T %

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 23H UL Z Nz Juic, %t tech_flags ® True DbD% YA b7 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 2> b fifEdd
#EY 22— LD 5 "use " £ "_module" 2RV bDELRLET S
# f5: "semantic_attention_module" -> "semantic_attention"

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

# HRML7 7 7 HHER (XD THIC T 27%45)
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) # 584 b5
if is_module_enabled_flagl or is_module_enabled_flag2:
tech_flags_str_parts.append(display_name)
else: # module_order 2372\ 54
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_valZstric



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 258EThH % Z & 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® % % #£R

#--1.CSV7 7 AV & LTl T — 2 &2 T -
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 # ColabBREE T4 7 v u— N 9§ 354
# files.download(csv_filename)
except Exception as e:
print(f"Error saving CSV: {e}")

#-- 2. TXA P R—ZADOWEHE MER -
report_text_parts_list = [| # V) 2 F %2 A H

report_text_parts_list.append('========================================")
report_text_parts_list.append(" 7 7L —3 a v FEERKEEEEE")
report_text_parts_list.append('========================================")

report_text_parts_list.append(f"#i &5 H Ff: {datetime.datetime.now().strftime('%Y4%m H %d H
%HIFF %M 73 %SH")}")
report_text_parts_list.append("\n--- SEERIEE ---")
report_text_parts_list.append ("9 L 7- 528k 8%: {len(experiment_configurations)}")
if ' BASE_MODEL_NAME' in globals():
report_text_parts_list.append(f"X—2 7 4 > € 7/L: {BASE_MODEL_NAME}")



report_text_parts_list.append("\n--- #5H4 < 1) —5 —7)L (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--- % X kY 7 2 (eval_accuracy) DEZE R A~ F ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
report_text_parts_list.append("eval_accuracy 2B $ 2 A2 FE SRR H D T8 A, ")
else:
try:
# 'EO_Baseline' 25771 T % > fifEid
if 'EO_Baseline' in report_df['Experiment Name'].values:
baseline_accuracy_series = report_df[report_df['Experiment Name'] == 'EQ_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—2Z 7 £ > (EO_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 v Ik: {change:+.4f}, {change_percent:+.2{}%)"

)

elif row['Experiment Name'] != "EQ_Baseline":
report_text_parts_list.append(f"- {row['Experiment Name']}: eval_accuracy =
N/A")
else:
report_text_parts_list.append("X—2Z 7 A ¥ Deval_accuracyZS o225 L, N/A
<9, ")

else:
report_text_parts_list.append("EO_Baseline Of5HEBR 200 A, ")
except Exception as e: # X ) JAfi s —F v v F
report_text_parts_list.append(f"eval_accuracyZ£iz 7 —: {e}")

report_text_parts_list.append("\n--- EVEMR 2 EZE (H]) ---")

report_text_parts_list.append(" (Z Zi2, HFEZ 2 — L DORIER, BiE D AT 2 28041k
Rl BHEZ T CRR AR WEZEZBRL £9) ")

report_text_parts_list.append("\N===========================c==—=—======2")

report_text_parts_list.append(" WMEEHKEDD")

report_text_parts_list.append("===============================—=======2)



final_report_text_content = "\n".join(report_text_parts_list) # 2% % 25 #H
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" # %
ey T
try:
with open(report_filename_txt, "w", encoding="utf-8") as f: # Z¥# % £ 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. FHEX MY 72D 7T 71k (eval_accuracydDiE 77 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% 71 v FHICOICER (B 2 W IiENaNZ FRIF 9 2 AFE b #ed )
accuracies_for_plot_graph = pd.to_numeric(report_df['eval_accuracy'],
errors='coerce).fillna(0.0) # 2% % % 25 H
config_names_for_plot_graph = report_df['Experiment Name'] # 2% % 2 #H

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') # &% %W

plt.xlabel("Evaluation Accuracy (eval_accuracy)") # Xiil 7 ~ )L % HfifgE{L

plt.ylabel("Experiment Configuration")

plt.title("Ablation Study: eval_accuracy Comparison") # %A L % Bk,

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" # £ %%
R

plt.savefig(graph_filename_png) # Z%4 % 20

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 —ZEfl % £R
else:

print("Report DataFrame is empty. Cannot generate CSV, text report, or graph.")

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

--— Generating Final Experiment Report ---
Found 16 entries in all experiment results summary.

-—— DataFrame for Report ---
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Experiment Name \
E0_Baseline
E10_DiscEm then SemAtt
E1l NonComm then DiscEm
E12 DiscEm then NonComm
E13_SemAtt DiscEm NonComm
El4 NonComm DiscEm SemAtt
E15 DiscEm NonComm SemAtt
E16_Baseline then HolographicReduction
E17 _E6_then HolographicReduction
E3 DiscontinuityEmergence
E4 SemAtt then NonComm
E5 NonComm then SemAtt
E6_ SemAtt NonComm DiscEm
E7 NonComm SemAtt DiscEm
E8 DiscEm SemAtt NonComm
E9 SemAtt then DiscEm

Enabled Modules

Baseline

discontinuity emergence -> semantic_attention
direct non commutative -> discontinuity emergence
discontinuity emergence -> direct non commutative
semantic_attention -> discontinuity emergence ...
direct non commutative -> discontinuity emerge...
discontinuity emergence -> direct non commutat...
holographic_reduction

semantic_attention -> direct non commutative -...
discontinuity emergence

semantic_attention -> direct non commutative
direct non commutative -> semantic_attention
semantic_attention -> direct non commutative -...
direct non commutative -> semantic attention -...
discontinuity emergence -> semantic_attention ...
semantic_attention -> discontinuity emergence

Module Parameters
N/A

eval accuracy \
0.5
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10
11
12
13
14
15

discontinuity emergence Params:
Params:

direct non_commutative
direct non_commutative
direct non_commutative
direct non_commutative
direct non_commutative
holographic_reduction Params:

direct non commutative Params:
discontinuity emergence Params:
Params:

direct non_commutative
direct non_commutative
direct non_commutative
direct non_commutative
direct non_commutative

eval loss

0.
.736395
.616950
.023794
.567012
.764114
.607204
.906949
.678603
.868324
.963613
.116018
.685527
.814655
.536180
.590823
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[« elNeNeNelNeNeNe e Ne o Ne Neo o Ne Nol

eval_runtime

1.
.6775
.9560
.3342
.2478
.2710
.2465
.1855
.0142
.9046
.0502
.2061
.4085
.4238
.2108
.7185

F NNMNDNDMNDWERFREWNDMNDNDDNDND WD &

8776

Params:
Params:
Params:
Params:

Params:
Params:
Params:
Params:
discontinuity emergence Params:

{'output dim':...

{'output dim':
{'output dim':
{'output dim':
{'output dim':
{'output dim': ...
{'num_key concep...

{'output dim'

{'output dim':...

{'output dim':
{'output dim':
{'output dim':
{'output dim':

{'output dim':
{'output dim

eval samples_per_second

1.

HF OO O O0OO0OKFRF OO0OO0OOOOoOOoOLRr

Detailed experiment results saved to

ablation_study final results_20250529 042318.csv
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-— EBRRE -
EHE U CERERE: 18

R—XZ4YETI): bert-base-uncased

-— fERYYY—F7—7T)l (DataFrame to string) ---

Experiment Name
Enabled Modules
Module Parameters eval accuracy eval loss eval runtime
eval samples per second eval steps per second epoch
E0_Baseline
Baseline
N/A 0.5000 0.6887 1.8776 1.0650
1.0650 1.0000
E10_DiscEm then SemAtt
discontinuity emergence -> semantic attention
discontinuity emergence Params: {'output dim': 768,
'semantic_dim for discontinuity': 12, 'emergent label dim': 24, 'dropout': 0.2};
semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output_dim': 768} 0.0000 0.7364 1.6775
1.1920 1.1920 1.0000
E1l NonComm then DiscEm
direct non commutative -> discontinuity emergence
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
"internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic dim for discontinuity': 12, 'emergent label dim': 24, 'dropout'
0.2} 1.0000 0.6170 4.9560 0.4040
0.4040 1.0000
E12 DiscEm then NonComm
discontinuity emergence -> direct non commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
"internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic dim for discontinuity': 12, 'emergent label dim': 24, 'dropout'
0.2} 0.0000 1.0238 3.3342 0.6000
0.6000 1.0000
E13_SemAtt DiscEm_ NonComm
semantic_attention -> discontinuity emergence -> direct non commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
"internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic dim for discontinuity': 12, 'emergent label dim': 24, 'dropout'
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output_dim': 768} 1.0000 0.5670 2.2478
0.8900 0.8900 1.0000
El14 NonComm DiscEm SemAtt
direct non commutative -> discontinuity emergence -> semantic_attention
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'"internal processing dim': 768}; discontinuity emergence Params: {'output dim':
768, 'semantic dim for discontinuity': 12, 'emergent label dim': 24, 'dropout':
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output_dim': 768} 0.0000 0.7641 2.2710
0.8810 0.8810 1.0000
E15 DiscEm NonComm SemAtt
discontinuity emergence -> direct non commutative -> semantic_attention
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'"internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic dim for discontinuity': 12, 'emergent label dim': 24, 'dropout'
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output_dim': 768} 1.0000 0.6072 2.2465
0.8900 0.8900 1.0000



E16_Baseline_then HolographicReduction
holographic_reduction
holographic_reduction Params: {'num key concepts': 16,

'reduced dim per concept': 32, 'reduction type': 'attention pooling'}
0.0000 0.9069 2.1855 0.9150 0.9150
1.0000

E17_E6_then HolographicReduction semantic_attention ->
direct non commutative -> discontinuity emergence -> holographic_reduction
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,

'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2}; holographic reduction Params: {'num key concepts': 16,

'reduced dim per concept': 32, 'reduction type': 'attention pooling'};
semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output _dim': 768} 1.0000 0.6786 3.0142

0.6640 0.6640 1.0000

E3_DiscontinuityEmergence
discontinuity emergence
discontinuity emergence Params: {'output dim': 768,
'semantic_dim for discontinuity': 12, 'emergent label dim': 24, 'dropout': 0.2}
0.0000 0.8683 1.9046 1.0500 1.0500
1.0000

E4_SemAtt_ then_ NonComm

semantic_attention -> direct non_commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,

'internal processing dim': 768}; semantic_ attention Params: {'num concepts': 32,
'concept dim': 128, 'output dim': 768} 0.0000 0.9636 3.0502
0.6560 0.6560 1.0000

E5_NonComm_then_ SemAtt
direct non commutative -> semantic_attention
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,

'internal processing dim': 768}; semantic_ attention Params: {'num concepts': 32,
'concept dim': 128, 'output dim': 768} 0.0000 1.1160 2.2061
0.9070 0.9070 1.0000

E6_SemAtt NonComm DiscEm
semantic_attention -> direct non_commutative -> discontinuity emergence
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output _dim': 768} 0.5000 0.6855 2.4085
0.8300 0.8300 1.0000

E7_NonComm_ SemAtt_ DiscEm
direct_non_commutative -> semantic_attention -> discontinuity_ emergence
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output _dim': 768} 0.0000 0.8147 2.4238
0.8250 0.8250 1.0000

E8_DiscEm_SemAtt NonComm
discontinuity emergence -> semantic_attention -> direct non_commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output dim': 768} 1.0000 0.5362 2.2108
0.9050 0.9050 1.0000

E9_SemAtt_then DiscEm

semantic_attention -> discontinuity emergence



discontinuity emergence Params: {'output dim': 768,
'semantic_dim for discontinuity': 12, 'emergent label dim': 24, ‘'dropout': 0.2};
semantic_attention Params: {'num concepts': 32, 'concept dim': 128,

'output dim': 768} 1.0000 0.5908 1.7185

1.1640 1.1640 1.0000

-——— FEANYZY R (eval _accuracy) DEZRA VK ——
- X—X74 > (E0 Baseline) ® eval accuracy: 0.5000
- E10_DiscEm then SemAtt: eval accuracy = 0.0000 (N—XZ- Vlk: -0.5000, -

100.00%)
- E11 NonComm then DiscEm: eval accuracy = 1.0000 (N—XZ Vii: +0.5000,
+100.00%)

- E12 DiscEm then NonComm: eval accuracy = 0.0000 (N—RXZ- >ib: -0.5000, -
100.00%)

- E13_SemAtt DiscEm NonComm: eval accuracy = 1.0000 (N—XZ- VLlk: +0.5000,
+100.00%)

- E14 NonComm DiscEm SemAtt: eval accuracy = 0.0000 (N—XZ- >Vlk: -0.5000, -
100.00%)

- E15 DiscEm NonComm SemAtt: eval accuracy = 1.0000 (N—XZ- VLlk: +0.5000,
+100.00%)

- E16_Baseline then HolographicReduction: eval accuracy = 0.0000 (N—XZA Vi:

-0.5000, -100.00%)
- E17 _E6_then HolographicReduction: eval accuracy = 1.0000 (N—RXZA1 Uik

+0.5000, +100.00%)
- E3 DiscontinuityEmergence: eval accuracy = 0.0000 (N—XZA >L: -0.5000, -

100.00%)
- E4 SemAtt then NonComm: eval accuracy = 0.0000 (N—XZ4>iH: -0.5000, -
100.00%)

- E5 NonComm then SemAtt: eval accuracy = 0.0000 (N—XZ4 2i: -0.5000,
-100.00%)

- E6_SemAtt NonComm DiscEm: eval accuracy = 0.5000 (N—XZ- >tk: +0.0000,
+0.00%)

- E7_NonComm_ SemAtt DiscEm: eval accuracy = 0.0000 (N—XZ- 2ih: -0.5000, -
100.00%)

- E8 DiscEm SemAtt NonComm: eval accuracy = 1.0000 (N—RXZA YVLib: +0.5000,
+100.00%)

- E9 SemAtt then DiscEm: eval accuracy = 1.0000 (N—XZ4>E: +0.5000, +100.00%)

-—- EMEMGER B) ---
(CZle. BEI21—ILOHRP. BEDADICH I 2FEBHOE{RE, BELITTRREABVWERZ IR
LX)

WESHKDD

Summary report saved to ablation_ study summary_report 20250529 _042318.txt

—--- Generating Accuracy Comparison Graph ---
Accuracy comparison graph saved to eval accuracy comparison 20250529 042318.png
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--— Report Generation Cell Complete ---

Tacai XXEHTND "XAI7 7 b ALK, DFHAIAA & HliE

DHTO#HCEHT ( T4 BEEERREEY 2 — k3 5V A7 4 —2—DXALBHNE:
EHREOFHANR Ey ) 12, 20 TXAI7Z Y FALE, o&%z X 0 FEICED T, Z
DEFRZWMT HIETHIRL 7,

HiSLZ A4 PVE (XAILTY b A LJEZERL-SE)
XAIZ7D P ALBICLD 7V A7 4 —2—DEWHNE -
EHIZ A

Hierarchical Semantic Structure Modules and an XAI Outcome Layer: Towards Co-evolving Al
with Humans)

"EEVEREEES 2 — L e
Peggla b oo AR & L9 2 AlD
FCu (&EEG: Enhancing Transformer Transparency and Performance via

77 AL J 2 b (Abstract / $P8k) OHlin:

(MEFEDOEY 2 —VEOFHAIIZ) . IN6DEHEEEY 2 — LU I N
Yoy F I ERERE S BRI L. BRIy R 7 1) & 2 2 o HIFTR LS
BIENREE (T AL) 258753 XAI7Y P A LR O &2EAT 5,



AWFFEIX. ZOBER T 7a—F235, Wiz - mEIEOD, ETILVDXALE
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FaY 7 7HiE S 22—
(InterpretableHolographicReducer) D 21— F
(FH48 - 3%%)

ZDEY2—1WIE, XAIT 7 b A LENOEBELATTO—DE LT, ZNE TORETE

# - VT (RFR): ERAIRE ARk e 77 ZHEE Y 2 — L
(InterpretableHolographicReducer) D €% ---

import torch

import torch.nn as nn

import torch.nn.functional as F

class InterpretableHolographicReducer(nn.Module):
def __init__(self, input_feature_dim, # fiiOMEE 2> b DR~ 7
FADRITE (=7 v ZADELEFR)
num_key_concepts=16, #EET BHEL T B Y

JRE 7))y F G W 7z R TR E 2 55 L o D58y - Mk 3 2 &Rl 2 e £ 9

G XA MIVE: ThRa 574 v 7 Wadm & B E G T
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# - & )L7.1 (IKFR): R A[EEZe A 1 777 7 #E)€ ¥ 2 — )L (InterpretableHolographicReducer)

DEF -

import torch
import torch.nn as nn

import torch.nn.functional as F

class InterpretableHolographicReducer(nn.Module):

def _init_ (self, input_feature dim, # HiDFEE 2> 5 DR 7 PV DRIL (=7 VY AD
HBHEFR)

num_key concepts=16, #FH T 2HLE 22 EHWME (7 L) O
reduced dim_per concept=32, # F-#MLE THELY - M S N7 HEHRDO R 7 FILRIT
model config=None, # RXR—ZET )V Dconfig (X 7> a V)

module_specific config=None # Z DE ¥ 2 — )IVEFH DiRE



):
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)

)

nn.init.xavier uniform_(self.key concept prototypes)

self.reduction_projector = nn.Linear(self.input feature dim, self.reduced dim_per concept)

self.activation_after projection = nn.Tanh() # Mgl ZELDOME 2 -1~ 11T IERIAL T 2 41 ((EF)

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):

batch_size, seq len, =hidden_states sequence.shape

reduced concept _vectors list =[]

all _concept specific global att weights =[]



for 1 in range(self.num_key concepts):

current_key concept = self.key concept prototypes][i]

concept_specific_attention_scores = torch.matmul(
hidden states sequence, current_key concept.unsqueeze(-1)

).squeeze(-1)

if attention_mask is not None:

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)

all _concept specific_global att weights.append(concept specific_attention weights.unsqueeze(1))

context vector for concept i= torch.sum(

hidden states sequence * concept_specific_attention weights.unsqueeze(-1), dim=1

reduced vector for concept 1= self.activation_after projection(

self.reduction_projector(context vector for concept 1)

)

reduced concept vectors list.append(reduced vector for concept 1)

final reduced representation = torch.cat(reduced concept vectors list, dim=1)

if all concept specific_global att weights:



overall concept attention_map = torch.cat(all_concept specific global att weights,
dim=1)

else:

overall concept_attention map = None # 7D 72

return {
"last_hidden_state": final reduced representation,

"concept attention_map": overall concept attention map,

def get_output dim(self):

return self.final _output_dim

print("Cell (e.g., 7.1): InterpretableHolographicReducer class defined.")
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#o--k ViR y Ty LA —3)VEEE) (> v 7V - FHRER) ---

#0. TELBEANROBT VA VA F—)L

!pip uninstall -y numpy torch transformers datasets accelerate fsspec -q



print("Attempted to uninstall key conflicting packages.")

#1. NumPy % 1.x DLE/NN— 3 VIZEE

Ipip install numpy==1.26.4 -q

print("Installed NumPy 1.26.4.")

#2. PyTorch (NumPy 1.26.4 & @ H #1lk: % HifF)

Ipip install torch==2.1.2 torchvision==0.16.2 torchaudio==2.1.2 -q

print("Installed PyTorch 2.1.2 and related packages.")

# 3. Hugging Face 7 4 7 7 V) (fsspeciddatasets DKIFTA % Z & %2 HiFF)

Ipip install datasets==2.14.7 -q
print("Installed Datasets 2.14.7.")

Ipip install transformers==4.36.2 -q
print("Installed Transformers 4.36.2.")
Ipip install accelerate==0.25.0 -q
print("Installed Accelerate 0.25.0.")
Ipip install peft==0.7.1 -q

print("Installed PEFT 0.7.1.")

#4. ZDMNEHT A 7T

Ipip install scikit-learn -q
print("Installed Scikit-learn.")
Ipip install pandas -q
print("Installed Pandas.")

Ipip install matplotlib -q



print("Installed Matplotlib.")

#5. ERRRDTF = v 7

print("\n--- Running pip check ---")

Ipip check

#6. /) — % )L AL E)

import os
print("\nKernel will be restarted.")

os.kill(os.getpid(), 9)

#--- £ )V 1.1: Google DriveD <7 v I EFERLRFEH T4 L 7 B Y BE -

from google.colab import drive

import os

try:
drive.mount('/content/drive', force_remount=True)

print("Google Drive mounted successfully.")

# Ik KK EBZERDGoogle Drive N D# Y] 72 7S A IZZ B LT 723 W Seokkokok
#4]: <A N7 A 718 TIZ "Colab_Experiments Outputs" & \>9 7 4 V¥ Z{EKT 256

DRIVE RESULTS PATH = "/content/drive/MyDrive/
Colab_Ablation Study Outputs Final v2"

# Yk %K% CUSTOMIZE THE PATH ABOVE %% %%k %



if not os.path.exists(DRIVE RESULTS PATH):

os.makedirs(DRIVE RESULTS PATH)

print(f"Created directory for results: {DRIVE RESULTS PATH}")
else:

print(f"Results directory already exists: {DRIVE RESULTS PATH}")

except Exception as e:

print(f"Error mounting Google Drive or creating directory: {e}")

DRIVE RESULTS PATH=""# L7 —llZu—A VDALY T4 L 27 FJIZT7 =)L
Ny g

print(f"WARNING: Using local Colab storage for results: {os.getcwd()}")

print("  Results saved locally may be lost when the Colab session ends.")

# Z D)V TERR I 72 DRIVE_RESULTS PATH &, #ftdD &L (FFlck L3911
B runtime) T I N T,

# print(f"DRIVE_RESULTS PATH is set to: {DRIVE _RESULTS PATH}") # fifé 52 i

#--t N2 F9AT77)VDAL Vv ER—] -

import torch
import torch.nn as nn

import torch.nn.functional as F

from transformers import (
AutoModelForSequenceClassification,

AutoTokenizer,



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

from torch.nn import CrossEntropyLoss

from datasets import load dataset, Dataset
import numpy as np
from sklearn.metrics import accuracy score

# import itertools # %7 [F]IZexperiment _configurations® FEI TRV T 572, R E TIEA
9l

import json

import os

import datetime
import pandas as pd

import matplotlib.pyplot as plt

print("--- Cell 2: Libraries imported successfully. ---")

(AT av:FHEIAL TV D= a VEIR)

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 }")# PEFTZ [EHEH L 2 W&k a
AV L7 R

import sklearn; print(f" Scikit-learn version: {sklearn. version_ }")
import pandas; print(f' Pandas version: {pandas. version__}")
import matplotlib; print(f' Matplotlib version: {matplotlib. _version _}")

if 'np' in globals(): print(f' NumPy version: {np. version }") # NumPy b 2

except ImportError as e:
print(f"Warning: Could not print some library versions due to ImportError: {e}")

except NameError as e_np: # np 23K E DL E DRIE

if 'np' in str(e_np): print("Warning: NumPy (np) might not be properly imported for version
check.")

else: print(f"Warning: NameError during version check: {e np}")

# - L3 FEARGE - NN TR —F -

if ' DRIVE_RESULTS PATH' not in globals():

print("WARNING: DRIVE RESULTS PATH is not defined from Cell 1.1. Defaulting for
OUTPUT DIR BASE.")

DRIVE RESULTS PATH="."

BASE MODEL NAME = "bert-base-uncased"
NUM _LABELS =2
OUTPUT_DIR _BASE = os.path.join(DRIVE_RESULTS PATH, "refinement exp_outputs")

if not os.path.exists(OUTPUT DIR BASE): os.makedirs(OUTPUT DIR BASE, exist ok=True)

LEARNING RATE = 2e-5



BATCH_SIZE = 16 # GPUBREL IC b Tl

NUM_EPOCHS =5 # Kk FEERNEZ ZE L, TRy 7 TTA L

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
try:

print(f"Loading Hugging Face model config for {BASE MODEL NAME}...")

htf model config = AutoConfig.from pretrained( BASE MODEL NAME,
num_labels=NUM_LABELS)

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'BATCH_SIZE set to: {BATCH_SIZE}, NUM_EPOCHS set to: {NUM_EPOCHS}")

print(f'Output directory base: {OUTPUT DIR BASE}")

# - kN4 F—% kv FEE L compute_metrics BB DERE ---
if ' BASE_MODEL_NAME' not in globals() or 'tokenizer' not in globals():

raise NameError("Required globals (BASE_MODEL_NAME, tokenizer) not defined. Ensure Cell 3
ran.")

print(f"Starting dataset preparation...")
try:
dataset_dict = load_dataset("imdb")
print("IMDb dataset loaded successfully.")
except Exception as e: print(f"Error loading IMDb dataset: {e}"); raise



def tokenize_function(examples):
return tokenizer(examples["text"], padding="max_length", truncation=True, max_length=128) # i
DD = VARTT AL

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

try:
final_tokenized_train = tokenized_train
if 'label' in tokenized_train.column_names and 'labels' not in tokenized_train.column_names:
final_tokenized_train = tokenized_train.rename_column("label", "labels")
elif 'labels' not in final_tokenized_train.column_names:
print(f"Warning: 'labels’ column not found in final_tokenized_train (columns:
{final_tokenized_train.column_names}).")

final_tokenized_test = tokenized_test
if 'label' in tokenized_test.column_names and 'labels' not in tokenized_test.column_names:
final_tokenized_test = tokenized_test.rename_column("label", "labels")
elif 'labels' not in final_tokenized_test.column_names:
print(f"Warning: 'labels' column not found in final_tokenized_test (columns:
{final_tokenized_test.column_names}).")

NUM_TRAIN_SAMPLES FULL = 500 # %7 A b Hic4 & (#: 500)
NUM_EVAL SAMPLES FULL = 100 # %7 A b HicA & (: 100)

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. Samples: {len(train_dataset)}. Columns:
{train_dataset.column_names}")

print(f"Evaluation dataset created. Samples: {len(eval_dataset)}. Columns:
{eval_dataset.column_names}")
except Exception as e: print(f"Error creating/renaming train/eval datasets: {e}"); raise

def compute_metrics(eval_pred):
logits, labels = eval_pred
if labels is None or len(labels) == 0O: return {}
predictions = np.argmax(logits, axis=-1)



accuracy = accuracy_score(labels, predictions)
metrics_dict = {"eval_accuracy": accuracy}
return metrics_dict

print("\n--- Cell 4: Dataset preparation cell complete. ---")

# --- & )L5: SemanticConceptModule DEF ---
import torch

import torch.nn as nn

import torch.nn.functional as F

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

model_config=None, module_specific_config=None):

super().__init__()

self.input_dim = input_dim

self.num_concepts = module_specific_config.get("num_concepts", num_concepts) if
module_specific_config else num_concepts

self.concept_dim = module_specific_config.get("concept_dim", concept_dim) if
module_specific_config else concept_dim

_output_dim_from_config = module_specific_config.get("output_dim") if module_specific_config
else None

if _output_dim_from_config is not None: self.output_dim = _output_dim_from_config

elif output_dim is not None: self.output_dim = output_dim

else: self.output_dim = self.input_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 initialized: input_dim={self.input_dim},
output_dim={self.output_dim}, nc={self.num_concepts}, cd={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).expand_as(attention_scores)
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 hasattr(self, 'final_projection’): output_final = self.final_projection(fused_hidden_states)



else: output_final = fused_hidden_states
return {"last_hidden_state": output_final, "attention_weights": attention_weights}
def get_output_dim(self): return self.output_dim
print("--- Cell 5: SemanticConceptModule class defined. ---")

# --- 2 ILA (8): #ifrE 7L & DebugTrainerdE#H (F#L— 76 - 8I 73y 7iafbhii) ---

# (from transformers import PreTrainedModel, AutoModel, AutoConfig, Trainer 7z £l )L 2TA ¥ R —
I 5 )

# (torch, nn, F & )L2TA v R— FFA)

# (SemanticConceptModulel £ V5 TEFETTA)

print("--- Cell A: Defining EnhancedTransformerForSequenceClassification (Refinement Loop & Loss
Debug) and DebugTrainer ---")

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

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

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 {}

self.module_order = self.tech_flags.get("module_order", []) # Z OFEETIX
semantic_attention_module® #

self.active_module_names_in_order = []

# RSSOV — 7 F DR E % Hilf

self.refinement_loop_config = self.module_configs.get("refinement_loop", {})

self.use_refinement_loop = self.tech_flags.get("use_refinement_loop", False) and \
"semantic_attention_module" in self.module_order and \
self.tech_flags.get("use_semantic_attention_module", False)

self.max_refinement_iterations = self.refinement_loop_config.get("max_iterations", 3)

self.refinement_convergence_threshold =

self.refinement_loop_config.get("convergence_threshold", 0.01)

# Z DFEECI3 SemanticConceptModule @ AHIHI{L
if "semantic_attention_module" in self.module_order and
self.tech_flags.get("use_semantic_attention_module", False):



module_key = "semantic_attention_module"

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

module_explicit_output_dim = mod_cfg.get("output_dim")

actual_output_dim = module_explicit_output_dim if module_explicit_output_dim is not None
else current_dim

self.tech_modules[module_key] = SemanticConceptModule(input_dim=current_dim,
output_dim=actual_output_dim, module_specific_config=mod_cfg, model_config=self.config)

current_dim = actual_output_dim

self.active_module_names_in_order.append(module_key)

print(f'Module '{module_key}' enabled. Output for classifier: {current_dim}")

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)

print(f"EnhancedTransformerForSequenceClassification initialized. Final classifier input dim:
{current_dim]}.")

if not self.active_module_names_in_order: print(" No additional tech modules applied (Baseline
configuration).")

if self.use_refinement_loop: print(f" Refinement loop for SemanticAttention is ENABLED
(max_iter={self.max_refinement_iterations}, threshold={self.refinement_convergence_threshold}).")

def forward(self, input_ids=None, attention_mask=None, token_type_ids=None, labels=None,

return_dict=None, **kwargs ):

# print(f"\n--- [EnhancedTransformer.forward START] (is_training: {self.training}) ---")

# if labels is not None: print(f" > labels: PRESENT, Type: {type(labels)}, Shape: {labels.shape}")

# else: print(f" > labels: IS NONE.")

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

all_module_specific_outputs = {}

if "semantic_attention_module" in self.active_module_names_in_order:
module_name_key = "semantic_attention_module"
if self.use_refinement_loop:
# print(f"  --- Entering Refinement Loop for {module_name_key} ---")
previous_attention_signature = None; temp_current_features = current_features
final_scm_outputs_in_loop = None
for iteration in range(self.max_refinement_iterations):
scm_outputs = self.tech_modules[module_name_key](temp_current_features,
attention_mask=attention_mask)
final_scm_outputs_in_loop = scm_outputs
refined_features_candidate = scm_outputs|"last_hidden_state"]
current_attention_weights = scm_outputs.get("attention_weights")
if current_attention_weights is not None:
all_module_specific_outputs[f'{module_name_key]}_iter_{iteration+1]_attention_weights"] =
current_attention_weights.detach().cpu().numpy()



if previous_attention_signature is not None and current_attention_weights is not None:
current_attention_signature = current_attention_weights.mean(dim=(0,2))
change = torch.abs(current_attention_signature -
previous_attention_signature).mean()
if change < self.refinement_convergence_threshold: temp_current_features =
refined_features_candidate; break
if current_attention_weights is not None: previous_attention_signature =
current_attention_weights.mean(dim=(0,2)).clone().detachy)
temp_current_features = refined_features_candidate
current_features = temp_current_features
if final_scm_outputs_in_loop:
for output_key, output_value in final_scm_outputs_in_loop.items():
if output_key != "last_hidden_state":
all_module_specific_outputs[f"{module_name_key} final_{output_key}"] = output_value
else:
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=V v (ZoFEFTIERR T T 7HERE LD T, CLS—27 v DH)

if current_features.ndim == 3: pooled_output = current_features|:, 0]

elif current_features.ndim == 2: pooled_output = current_features

else: raise ValueError(f"Unsupported shape for current_features: {current_features.shape}")

pooled_output = self.dropout(pooled_output); logits = self.classifier(pooled_output)
loss = None
# print(f" DEBUG Forward: Before loss calculation, labels is {NOT None' if labels is not None
else 'None'}.")
if labels is not None:
try:
# print(f" DEBUG Forward: Attempting loss calculation. Logits shape: {logits.shape},
Labels shape: {labels.shape}, Labels dtype: {labels.dtype}")
loss_fct = CrossEntropylLoss()
loss = loss_fct(logits.view(-1, self.num_labels), labels.view(-1).long())
# print(f"* DEBUG Forward: Loss calculated. Loss type: {type(loss)}, Loss value:
{loss.item() if loss is not None and isinstance(loss, torch.Tensor) and loss.numel() == 1 else str(loss)}")
except Exception as e_loss: print(f" DEBUG Forward: !!! ERROR during loss calculation:
{e_loss} !!"); loss = None
# else: print(f" DEBUG Forward: Labels is None, skipping loss calculation. Loss remains
None.")
# print(f" DEBUG Forward: Returning -> Loss type: {type(loss)}, Loss value: {loss.item() if loss is
not None and isinstance(loss, torch.Tensor) and loss.numel() == 1 else str(loss)}")
final_outputs_tuple = (logits,)
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 7 ADER (L& 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]:

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 and DebugTrainer defined. ---")

# - & )VB_config (9): SEEHER Y X b & 7 a— NVEHUSy F—Y OER (KL — 7" FEEH) -
print("--- Cell B_config: Defining Experiment Configurations (EO, E1, EIR) and Global Variables Pack
)
required_for_config list = [ # Z DEBRTHELZEY 2 =)L D AIZIRE
'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'
|
missing_globals_config = False
for var_name in required_for_config_list:
if var_name not in globals(): print(f"ERROR: Prerequisite '{var_name}' not defined!");
missing_globals_config = True
if missing_globals_config: raise NameError("Prerequisites missing for Cell B_config.")
else: print("All prerequisite global variables for experiment_configurations seem to be defined.")

experiment_configurations = [

{"name": "EO_Baseline",

"tech_flags": {"module_order": [], "use_semantic_attention_module": False, "use_refinement_loop":
False},

"module_configs": {}, "# HAGE": "R—2 7 A "},

{"name": "E1_SemanticAttention_NoLoop",

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



"module_configs": {"semantic_attention_module": {"num_concepts": 32, "concept_dim": 64,
"output_dim": hf model_config.hidden_size}}, "# HAZE": "B 7 7> ¥ a v (L —71)",

{"name": "E1R_SemanticAttention_WithLoop",

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

"module_configs": {

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 64, "output_dim":
hf_model_config.hidden_size},
"refinement_loop": {"max_iterations": 3, "convergence_threshold": 0.005 } # module_configs N

IHEHUL — 7 E

), " FAGE" "Bk T 7> > 3 v (KRB — 7)),
|
print(f"Total experiment configurations defined: {len(experiment_configurations)}")
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 # Z D FEEETIZSCMD #&
}
print("Global variables for experiments packaged.")
print("--- Cell B_config: Execution complete ---")

# --- & )UB_runtime (10): Hom FEERFEFTEI R & H5 REEE D (G ---
# (import os, json, TrainingArguments (£ L2TA ¥ K — FER)
print("--- Cell B_runtime: Defining Execution Function and Initializing/L.oading Results Dictionary ---")
required_for_runtime = ['EnhancedTransformerForSequenceClassification', 'DebugTrainer’,
"TrainingArguments', 'Dataset']
missing_globals_runtime = False
for var_name in required_for_runtime:

if var_name not in globals(): print(f"ERROR: Prerequisite '{var_name}' not defined!");
missing_globals_runtime = True
if missing_globals_runtime: raise NameError("Prerequisites missing for Cell B_runtime.")
else: print("All prerequisite classes for run_ablation_experiment seem to be defined.")

def run_ablation_experiment(exp_config, global_vars_dict):
config_name = exp_config.get("name", "UnnamedExperiment")
tech_flags = exp_config.get("tech_flags", {})
module_cfgs = exp_config.get("module_configs", {})



# print(f"\n--- Running Experiment (Function Call): {config_name} ---") # 1 7' fiijlg{t,
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_dictOUTPUT_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’]

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 = os.path.join(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,
logging_steps=len(tr_dataset) // bs if len(tr_dataset) > bs else 1, # v 7' HiJj % 3%
# eval_steps=len(tr_dataset) // bs if len(tr_dataset) > bs else 1, # i 2 7 v 7" kI
)
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’),
"eval_runtime": 0.0, "eval_samples_per_second": 0.0, "epoch": n_epochs }
return config_name, eval_results_dict



print("run_ablation_experiment function defined.")

if ' DRIVE_RESULTS_PATH' not in globals() or DRIVE_RESULTS_PATH == ".":
print("WARNING: DRIVE_RESULTS_PATH not set. Using local Colab storage for results summary.")
RESULTS_FILE = "refinement_loop_experiment_results.json"
else:
RESULTS_FILE = os.path.join(DRIVE_RESULTS_PATH, "refinement_loop_experiment_results.json")
print(f"Results summary file will be at: {RESULTS_FILE}")
if os.path.exists(RESULTS_FILE):
print(f"'Loading existing results from {RESULTS_FILE}...")
try:
with open(RESULTS_FILE, 'r') as f: all_experiment_results_summary = json.load(f)
print(f"Loaded {len(all_experiment_results_summary)} previous results.")
except Exception as e: print(f'"Error loading results file: {e}. Initializing as empty.");
all_experiment_results_summary = {}
else:
print("No existing results file found. Initializing as empty dictionary.")
all_experiment_results_summary = {}
print(f"Current 'all_experiment_results_summary' has {len(all_experiment_results_summary)} entries.")
print("--- Cell B_runtime: Execution complete ---")

# --- & )L11: 528 EO_Baseline D317 ---
exp_name_to_run = "EO_Baseline"
print(f"--- Preparing to execute Experiment: {exp_name_to_run} ---")
if 'all_experiment_results_summary' not in globals(): raise
NameError("all_experiment_results_summary' not defined. Run Cell B_runtime.")
if 'experiment_configurations' not in globals(): raise NameError("experiment_configurations' not
defined. Run Cell B_config.")
if 'pd’' not in globals(): import pandas as pd
if 'json' not in globals(): import json
if exp_name_to_run in all_experiment_results_summary and
isinstance(all_experiment_results_summary[exp_name_to_run], dict) and 'error' not in
all_experiment_results_summary[exp_name_to_run] and not
pd.isna(all_experiment_results_summary[exp_name_to_run].get('eval_accuracy', float('nan'))):

print(f"Skipping {exp_name_to_run}, valid results exist:
{all_experiment_results_summary[exp_name_to_run]}")
else:

if exp_name_to_run in all_experiment_results_summary: print(f'"Re-running {exp_name_to_run}
(previous error/incomplete).")

config_to_run = next((c for ¢ in experiment_configurations if c["name"] == exp_name_to_run),
None)

if config_to_run:

name, result = run_ablation_experiment(config_to_run, global_variables_for_experiments)
all_experiment_results_summary[name]| = result



print(f"\n--- Results for {name} ---")

if isinstance(result, dict) and "error" not in result: print(f* Eval Acc: {result.get('eval_accuracy’,
'N/A"):.4f}, Loss: {result.get('eval_loss', 'N/A"):.4f}, Runtime: {result.get('eval_runtime', 'N/A"):.2f}s"); _
[json.dump(all_experiment_results_summary, f, indent=4) for f in [open(RESULTS_FILE, 'w")] if
print(f"Results saved to {RESULTS_FILE}")];

elif isinstance(result, dict) and "error" in result: print(f" Error: {result['error']}")

else: print(f" Unexpected result: {result}")

else: print(f"Config for {exp_name_to_run} not found.")

print(f"--- Finished Experiment: {exp_name_to_run} ---")

# --- & )L12: 928 E1_SemanticAttention_NoLoop D %17 ---
exp_name_to_run = "E1_SemanticAttention_NoLoop"
print(f"--- Preparing to execute Experiment: {exp_name_to_run} ---")
if 'all_experiment_results_summary' not in globals(): raise
NameError("all_experiment_results_summary' not defined. Run Cell B_runtime.")
if 'experiment_configurations' not in globals(): raise NameError("experiment_configurations' not
defined. Run Cell B_config.")
if 'pd' not in globals(): import pandas as pd
if 'json' not in globals(): import json
if exp_name_to_run in all_experiment_results_summary and
isinstance(all_experiment_results_summary[exp_name_to_run], dict) and 'error' not in
all_experiment_results_summary[exp_name_to_run] and not
pd.isna(all_experiment_results_summary[exp_name_to_run].get('eval_accuracy', float('nan'))):
print(f"Skipping {exp_name_to_run}, valid results exist:
{all_experiment_results_summary[exp_name_to_run]}")
else:
if exp_name_to_run in all_experiment_results_summary: print(f"Re-running {exp_name_to_run}
(previous error/incomplete).")
config_to_run = next((c for ¢ in experiment_configurations if c['name"] == exp_name_to_run),
None)
if config_to_run:
name, result = run_ablation_experiment(config_to_run, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
if isinstance(result, dict) and "error" not in result: print(f" Eval Acc: {result.get('eval_accuracy',
'N/A"):.4f}, Loss: {result.get('eval_loss', 'N/A"):.4f}, Runtime: {result.get('eval_runtime', 'N/A"):.2f}s"); _
[json.dump(all_experiment_results_summary, f, indent=4) for f in [open(RESULTS_FILE, 'w")] if
print(f"Results saved to {RESULTS_FILE}")];
elif isinstance(result, dict) and "error" in result: print(f" Error: {result['error']}")
else: print(f" Unexpected result: {result}")
else: print(f"Config for {exp_name_to_run} not found.")
print(f"--- Finished Experiment: {exp_name_to_run} ---")



# --- & )L13: 925 E1IR_SemanticAttention. WithLoop ®D 347 ---
exp_name_to_run = "E1R_SemanticAttention_WithLoop"
print(f"--- Preparing to execute Experiment: {exp_name_to_run} ---")
if 'all_experiment_results_summary' not in globals(): raise
NameError("all_experiment_results_summary' not defined. Run Cell B_runtime.")
if 'experiment_configurations' not in globals(): raise NameError("experiment_configurations' not
defined. Run Cell B_config.")
if 'pd' not in globals(): import pandas as pd
if 'json' not in globals(): import json
if exp_name_to_run in all_experiment_results_summary and
isinstance(all_experiment_results_summary[exp_name_to_run], dict) and 'error' not in
all_experiment_results_summary[exp_name_to_run] and not
pd.isna(all_experiment_results_summary[exp_name_to_run].get('eval_accuracy', float('nan'))):
print(f"Skipping {exp_name_to_run}, valid results exist:
{all_experiment_results_summary[exp_name_to_run]}")
else:
if exp_name_to_run in all_experiment_results_summary: print(f"Re-running {exp_name_to_run}
(previous error/incomplete).")
config_to_run = next((c for ¢ in experiment_configurations if c['name"] == exp_name_to_run),
None)
if config_to_run:
name, result = run_ablation_experiment(config_to_run, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
if isinstance(result, dict) and "error" not in result: print(f" Eval Acc: {result.get('eval_accuracy',
'N/A"):.4f}, Loss: {result.get('eval_loss', 'N/A"):.4f}, Runtime: {result.get('eval_runtime', 'N/A"):.2f}s"); _
[json.dump(all_experiment_results_summary, f, indent=4) for f in [open(RESULTS_FILE, 'w")] if
print(f"Results saved to {RESULTS_FILE}")];
elif isinstance(result, dict) and "error" in result: print(f" Error: {result['error']}")
else: print(f" Unexpected result: {result}")
else: print(f"Config for {exp_name_to_run} not found.")
print(f"--- Finished Experiment: {exp_name_to_run} ---")

# - k)L 14 RAEHEIRER 2V (F8UL — 7 928 H]) ---
import pandas as pd

import matplotlib.pyplot as plt

import json # json¥4 ¥ K — F INTLARWLEAICH AT

print("--- Aggregated Experiment Results (Refinement Loop Focus) ---")

if 'all_experiment_results_summary' in globals() and all_experiment_results_summary:



print(f"Found {len(all_experiment_results_summary)} entries in all_experiment_results_summary.")

results_list for _df =[]

for exp_name, metrics in all_experiment_results_summary.items():
# EE4 I BE T 5 3#5E %2 experiment_configurations 7> &S (HARE2 X F & &)
exp_detail = next((config for config in experiment_configurations if config['name"] ==

exp_name), None)

notes = exp_detail.get("# HAGE", ") if exp_detail else
tech_flags_str = str(exp_detail.get("tech_flags", {})) if exp_detail else "N/A"
module_cfgs_str = str(exp_detail.get("module_configs", {})) if exp_detail else "N/A"

if isinstance(metrics, dict):
row = {
"Experiment_Name": exp_name,
"Accuracy": metrics.get("eval_accuracy”, float('nan')), # NaN 7% ff [
"Loss": metrics.get("eval_loss", float(nan')),
"Runtime_s": metrics.get("eval_runtime", float('nan’)),
"Samples_Sec": metrics.get("eval_samples_per_second", float('nan')),
"Epochs_Eval": metrics.get("epoch”, float('nan')), # trainer.evaluate() |% epoch %#iX7
"Error_Msg": metrics.get("error”, "),
"Notes": notes,
"Tech_Flags": tech_flags_str,
"Module_Params": module_cfgs_str
}
results_list_for_df.append(row)
else:
print(f"Warning: Unexpected data type for metrics of experiment '{exp_name}':
{type(metrics)}")

if not results_list_for_df:
print("No valid experiment data found to create a summary table.")
else:
results_df = pd.DataFrame(results_list_for_df)
results_df = results_df.sort_values(by="Experiment_Name").reset_index(drop=True)

print("\nExperiment Summary Table:")

# 717 b DFRNE % %

display_cols = ["Experiment_Name", "Accuracy", "Loss", "Runtime_s", "Epochs_Eval",
"Error_Msg", "Notes", "Tech_Flags", "Module_Params"]

# FEERITHET 20 7 L DA %IE

display_cols_present = [col for col in display_cols if col in results_df.columns]

print(results_df[display_cols_present].to_string()) # 4T~

# CSV7 7 4 L~ DL
if ' DRIVE_RESULTS_PATH' in globals() and DRIVE_RESULTS_PATH !=".":
timestamp = datetime.datetime.now().strftime("%Y%m%d_%H%M%S")
summary_csv_path = os.path.join(DRIVE_RESULTS_PATH,
f'refinement_experiment_summary_{timestamp}.csv")



try:
results_df.to_csv(summary_csv_path, index=False)
print(f\nSummary table saved to: {summary_csv_path}")
except Exception as e:
print(f\nError saving summary table to CSV: {e}")
else:
print("\nSkipping CSV save as DRIVE_RESULTS_PATH is not set to a valid GDrive path.")

# --- Accuracyltiz 7' 7 ---
print("\n--- Generating Accuracy Comparison Graph ---")
valid_accuracy_df = results_df.dropna(subset=['Accuracy']) # NaN#% fr7b
if not valid_accuracy_df.empty:
plt.figure(figsize=(10, 6))
bars = plt.bar(valid_accuracy_df["Experiment_Name"], valid_accuracy_df["Accuracy"],
color=['blue’, 'orange', 'green'])
plt.xlabel("Experiment Configuration")
plt.ylabel("Evaluation Accuracy")
plt.title("Experiment Accuracy Comparison (Refinement Loop)")
plt.xticks(rotation=15, ha="right")
plt.ylim(0, 1) # Accuracy!30%> 5 10 #iPH
for bar in bars:
yval = bar.get_height()
plt.text(bar.get_x() + bar.get_width()/2.0, yval + 0.01, f'{yval:.4f}, ha='center', va="bottom')
plt.tight_layout()
plt.show()
else:
print("No valid Accuracy data to plot for the graph.")

# --- Lossttig 77 7 ---
print("\n--- Generating Loss Comparison Graph ---")
valid_loss_df = results_df.dropna(subset=['Loss']) # NaN#% x4}
if not valid_loss_df.empty:
plt.figure(figsize=(10, 6))
bars = plt.bar(valid_loss_df["Experiment_Name"], valid_loss_df["Loss"], color=['blue’, 'orange’,
'‘green'])
plt.xlabel("Experiment Configuration")
plt.ylabel("Evaluation Loss")
plt.title("Experiment Loss Comparison (Refinement Loop)")
plt.xticks(rotation=15, ha="right")
# plt.ylim(bottom=0) # LossiZ02A I
for bar in bars:
yval = bar.get_height()
plt.text(bar.get_x() + bar.get_width()/2.0, yval + 0.01 * max(valid_loss_df["Loss"]),
f'{yval:.4f}, ha='center', va="bottom') # 7 ~ LA &5«
plt.tight_layout()
plt.show()
else:
print("No valid Loss data to plot for the graph.")



else:

print("No experiment results found in 'all_experiment_results_summary'.")

print("\n--- End of Result Output ---")

--- Aggregated Experiment Results (Refinement Loop Focus) ---
Found 3 entries in all_experiment results_summary.

-z‘v --- Aggregated Experiment Results (Refinement Loop Focus) ---
Found 3 entries in all_experiment results_summary.

Experiment Summary Table:

Experiment_Name Accuracy Loss Runtime_s Epochs_Eval Error_Msg Notes
0 E0_Baseline 0.84 0.451481 0.8313 5.0 NR—R5A >
1 EIR SemanticAttention WithLoop 0.86 0.358571 0.8615 5.0 BR7ZTYYay (REBHRIL—T)
2 El_SemanticAttention_ NoLoop 0.87 0.389781 0.8198 5.0 B®R77Tryay (IL—7E) {

Experiment Summary Table:

Experiment_Name Accuracy Loss Runtime s
Epochs_Eval Error_Msg Notes
Tech_Flags
Module_Params
0 E0_Baseline 0.84 0.451481 0.8313 5.0 N—=AZA1Y
{'module_order': [], 'use_semantic_attention module': False, 'use_refinement loop': False}
{3
1 EIR SemanticAttention WithLoop 0.86 0.358571 0.8615 5.0 BWR7 7V a3y (REFEHIL—T)
{'module_order': ['semantic_attention module'], 'use_semantic_attention module': True, 'use_refinement_ loop': True}

{'semantic_attention_module': {'num concepts': 32, 'concept dim': 64, 'output_dim': 768}, 'refinement_ loop': {'max_iterations': 3,
'convergence_threshold': 0.005}}
2 El_SemanticAttention_NoLoop 0.87 0.389781 0.8198 5.0 BWR77FYY 3y (JL—7#) {'module order':

[ 'semantic_attention module'], 'use_semantic_attention_module': True, 'use_refinement_ loop': False}
{'semantic_attention_module': {'num concepts': 32, 'concept dim': 64, 'output_dim': 768}}

Summary table saved to: /content/drive/MyDrive/
Colab Ablation Study Outputs Final v2/
refinement experiment summary 20250531 134341.csv

--- Generating Accuracy Comparison Graph ---
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--- Generating Loss Comparison Graph ---
Experiment Loss Comparison (Refinement Loop)
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--- End of Result Output ---









