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# XNl (ky b7y 7 —FOVEREE)

#EHIA TV ET A VAL LT Y = RIREIZT S
Ipip uninstall -y transformers accelerate peft sentence-transformers datasets -q

#EN—Ya v TIA T IV A 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® N— a2 > % 0.25.01Z[H%E (F 7 120.26.1)

# EHEZWEHT 572012 h —F )L % FE)
import os
os.kill(os.getpid(), 9)

)1

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

)2
#-- N2 74T 7VDL VR—=1F -

import torch
import torch.nn as nn
import torch.nn.functional as F # SemanticConceptModule ¢ F.softmax Z {3 % 7%

from transformers import (
AutoModelForSequenceClassification,
AutoTokenizer,
Trainer,
TrainingArguments,
AutoConfig,
PreTrainedModel,
AutoModel
)
from transformers.modeling_outputs import SequenceClassifierOutput # € 7L ® H A H
from torch.nn import CrossEntropyLoss # 8 JE%0H

from datasets import load_dataset, Dataset # % Dataset 7 7 A% 4 > K — |
import numpy as np

from sklearn.metrics import accuracy_score # FififgEa1% A

import itertools # FZERMERLARA (5 BN TENE L 742 O THE ITIIANET LS, FERIVICHE ) AJREME D)



# (b LMc B AEES £ 75 U b
# import os # (X V1 THHBAZDOT, T2
# import json

# import time

# import datetime

WGEMLTL 23 W0)
B8

TIEAETIE )

# (b L2Jo 78l £ 2479 8413, matplotlibZz 86 2 2 TA v AR— )
# 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.")

+IL 3

# - L3 HAE « WA T A= -

from transformers import AutoTokenizer, AutoConfig # b D% AV RK—F (RAL2TA ¥ K— b ¥
ATz & HE % BT THOK)

# - FEARM 22 e ---

BASE_MODEL_NAME = "bert-base-uncased" # ~\—2 & 7% 3 HE[2AEHFEAE TV D LH]
NUM_LABELS = 2 #OHY AT DT OVE (Wl IMDbZ & R T4 T/ H T4 T D2)
OUTPUT_DIR_BASE = "./experiment_results/" # EEfEROH -2 F4 L 27 b

# - GBI T 2 NAR—8F X =8 -

LEARNING_RATE = 2e-5 # 2K
BATCH_SIZE =1 # Ny FH A4 X (GPURXE Y LF— 2125 T

# CPUFATOHAIT/N I O W 19212 L 2w EIFFIBEOTRESH D £3
NUM_EPOCHS - 1 B AT R 28 (N1 BT 2 b L. BT G AUER 3

o b FAF— L EFABEOT— 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 —FE L 72 5 A2 {F 11

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
# HAEEIZIE U b AutoConfigD /8 5 XA — % & & 2 CTREN]
# #: finetuning_task="text-classification' 7z &

11
<1

pmusio)

)
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(f"NUM_LABELS: {NUM_LABELS}")
print(f"OUTPUT_DIR_BASE: {OUTPUT_DIR_BASE}")
print(f"LEARNING_RATE: {LEARNING_RATE}")
print(f"BATCH_SIZE: {BATCH_SIZE}")

print(f"NUM_EPOCHS: {NUM_EPOCHS}")

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

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

4
# - kN4 =%y M £ compute_metrics BB D ER (AKEFHRR) ---

from datasets import load_dataset

from sklearn.metrics import accuracy_score
import numpy as np

import torch

# - 7R —NVEE (R VI TERIN TV EIETDH 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__}")

#1.59—%+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.")

# - Yokok AN REBADO T =53 TVE%E 2 2 TRE okk -



NUM_TRAIN_SAMPLES_FULL = 10 # #: 10,0004 (¥ 7-1Z len(final_tokenized_train) ¢4{})
NUM_EVAL_SAMPLES FULL = 2 # #il: 2,500} (¥ 7z1% len(final_tokenized_test) T4f)

# 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. PHEHEEGI RIS OER (TN 77 Y MIESIDEF FERLTELTHRY)
def compute_metrics(eval_pred):

logits, labels = eval_pred

if labels is None or len(labels) == 0:

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 X R 77 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

# - 5 B 7 7 v a YEERE (SemanticConceptModule) D %E# ---

import torch

import torch.nn as nn

import torch.nn.functional as F

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

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.")

+IL 6

# - & )L6: [EEENIER LB E 2 2 — )L (DirectNonCommutativeModule) D EFE ---
import torch

import torch.nn as nn

# from transformers import PretrainedConfig # model_config® %t > r A (37 &)

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.ReLUY),
nn.Dropout(internal_dropout),
nn.Linear(internal_processing_dim, input_dim)

)

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



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

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

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

if seq_len < 2:
# print("Warning: Seq_len < 2 in DirectNonCommutativeModule...") # 237 & 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(thidden_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

# - LT Wiffufll 58 € ¥ 2 —)L (DiscontinuityEmergenceModule) DE# ---

import torch

import torch.nn as nn

# from transformers import PretrainedConfig # model_config?®ft > b F] (HE 7 5)

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

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

)

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

)

self.emergent_label_generator = nn.Sequential(
nn.Linear(self.semantic_dim_for_discontinuity * 2, input_dim // 4),
nn.LayerNorm(input_dim // 4),
nn.ReLU(),
nn.Dropout(internal_dropout),
nn.Linear(input_dim // 4, self.emergent_label_dim),
nn.Tanh()

)

if self.input_dim + self.emergent_label_dim != self.output_dim :



self.integration_projection = nn.Linear(self.input_dim + self.emergent_label_dim,
self.output_dim)
elif self.input_dim != self.output_dim:
self.integration_projection = nn.Linear(self.input_dim, self.output_dim)

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

def forward(self, hidden_states, attention_mask=None, **kwargs): # hidden_states %
input_features 72> & 255
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) # #J#i{k

if seq_len > I:
sfd_t = semantic_features_for_discontinuityl[:, :-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 > I:

# combined_for_discontinuity % 4

emergent_labels_sequence = self.emergent_label_generator(combined_for_discontinuity)

output_features = hidden_states

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

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

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

#o.. (D7 4 =Ny 7 RRTTHEER Y v 7 IZPIETD 2 — F 2 2H)

elif self.input_dim != self.output_dim :

if not hasattr(self, 'final_projection_fallback'): # __init_ TEZR L TE LR E
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: A YT 7fE#RE Y 2 —)L (InterpretableHolographicReducer) D&% ---
import torch

import torch.nn as nn

import torch.nn.functional as F

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

class InterpretableHolographicReducer(nn.Module):
def __init__(self, input_feature_dim, # HiDEED & DR~ 7 ML DRIG
num_key_concepts=16, # gL 75 5 ERBEZ DR (7 b AEUTHRY)
reduced_dim_per_concept=64, # & OB R 7 FLRIG
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 = ]



# KR 70y A T TATIY = v A Eh S [l E RN
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_prototypesl[i].unsqueeze(-1)
).squeeze(-1) # (batch_size, seq_len)

if attention_mask is not None: # /854 v 7y % <A 7
concept_specific_attention_scores =
concept_specific_attention_scores.masked_fill(attention_mask == 0, -1€9)

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

# 2D A T hidden_states % BEAN EH (BERIUCEI T 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 22— VIS N EERR 7 PV RIRY
# ZNDEBD TR DERED AT L1505
return {
"last_hidden_state": final_reduced_representation,
# "concept_attention_weights": concept_global_attention_weights # (4 7> a v) k& LTE
DOBEEEIEAL L 7222
]

def get_output_dim(self):
return self.final_output_dim

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

£ 9
# --- 2 IVA: i€ 7V £ DebugTrainer® €% (41 77 7HiHE ¥ 2 — )V iEhk) ---

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

from torch.nn import CrossEntropyLoss

import torch



import torchnnasnn # nn 22 TA YA —F LTEL LHEE
import torch.nn.functional as F # F 2 2 T4 ¥ RA— b+ LTE L ik

#UTDOAAYLED 2=V 7 FAD, THEDHiDOXL (£IL5,6,7,7.1) T
#BHCERIN TS I L2HHRELET,

# - SemanticConceptModule

# - DirectNonCommutativeModule

# - DiscontinuityEmergenceModule

# - InterpretableHolographicReducer

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

# --- $i4€ 7V EnhancedTransformerForSequenceClassification ---
class EnhancedTransformerForSequenceClassification(PreTrainedModel):
def __init__(self, hf_config, base_model_name, num_labels, tech_flags=None,
module_configs=None):
super().__init__(hf_config)
self.num_labels = num_labels
self.config = hf_config # Hugging Face®config4 7’2 = 7 + % {#4F

# R—ZEFNDOA—FEBRE

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/ DHJIRIT
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 {}

# WM 2EY 21— VOIEFZEUS GFEEN L IFIULEEY A b)
self.module_order = self.tech_flags.get("module_order", [])
self.active_module_names_in_order = [| # FEEIc#{L 7z €2 2 — LV DIEF %2 {45

# module_order IZfE>TEY 2 — L 2 #HHL
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 — )VIEGHRE L 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 (& H & dget_output_dim() CHIRITTZ R T
# input_feature_dim (% current_dim (8§D gD H 12X It)
self.tech_modules[module_key] = InterpretableHolographicReducer(
input_feature_dim=current_dim,
# num_key_concepts & reduced_dim_per_concept |& module_specific_config 7> 5§
module_specific_config=hr_config,
model_config=self.config
)
current_dim = self.tech_modules[module_key].get_output_dim() # #EE D XKICIZ EHHT
self.active_module_names_in_order.append(module_key)
print(f"{module_key} enabled and initialized. Output dim (classifier input): {current_dim}")

# D EY 2 — Vb FEERICEIN ] RE



self.dropout = nn.Dropout(self.config.hidden_dropout_prob if hasattr(self.config,
'hidden_dropout_prob') else 0.1)
self.classifier = nn.Linear(current_dim, self.num_labels) # &7 current_dim 2% gs % #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 IZ& EN3HED L LEL 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>TEY 2 — )b 2 X EH
for module_name_key in self.active_module_names_in_order: # _ init_ CHEEIZHIAL Z 72 )H
FP) A b %A
if module_name_key in self.tech_modules:

# print(f" Applying module: {module_name_key}")
# HolographicReductionModule (33— ¥ 2% ZIFHD | HEEX7 bV 2R THE
# ZNUNDEY 2= VIEY =7 YV ARZITIY . ¥ =7 v AR BTHE
# Z D47l 1x HolographicReductionModule %3412 module_order D&ICK % &\ 9 Hifd

# b Lighic sk 285413, current_features DIZIRDZE b 3 728, K U M7 HIMHIDS A3
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 e



# HolographicReductionModule 2%#H S 117:854. current_features (ZBEIZ (batch,
reduced_dim) ® 17"
# Z2H)ThuEEIZ, 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 — DO HI (BEIZ 7= ¥ THR)
# print(f" Using Holographic Reduction output as pooled_output. Shape:
{pooled_output.shape}")
else:
if current_features.ndim == 3: # (batch, seq, dim)
pooled_output = current_features[:, O] # [CLS] b—2 v Zif] (£ 713 fthd 7=V v )
# print(f" Using CLS token pooling. Shape: {pooled_output.shape}")
elif current_features.ndim == 2: # BEIC 7=V VY A DEGE Bl BIOES 2 =L 7=V 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—2ZEFNOTFERHNE, £ 2—H 5 ORI N2 BRI & D 5
# (GHNEY Y TNVICR=AETNVOEELIDE, 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 D EFH (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: R, 70— VRS y 7 IREFETRIB (TR Ak -
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. FBREROER (BERDOE Y = + x0 7 F 7T A )
experiment_configurations = [

#--R=RAFTA YV -

{"name": "EO_Baseline", "tech_flags": {"'module_order": []}, "module_configs": {}, "# HAZE": "R—2Z 5
41,

#---H—FET2a—)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": "B 7 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}}, "# H AZE": "JEAJ#"),

{"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": "WiialFE"),

#---2EY 2L DOfAG DY (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": "BW 7 7> a3 ~
— 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}}, "# HAZE": "JEn[#s — Bk 75> 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": "B 7 T
v¥oa v - WAlzE",

{"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": "Wifugls — 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),

#--3EYa—LDOfMlAEDYE -

{"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 — Wikalzs",

{"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": "WikuBlFE — =ik
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 7> a3 ~
— Wi AlFE — JEnfa"),

{("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}}, "# HAGZE": "Wl — JEAJHL — B 77> a v"),

# - R0 ST 7HERES 2= LB &L T A R -

{"name": "E16_Baseline_then_HolographicReduction",

"tech_flags": {"module_order": ["holographic_reduction_module"],
"use_holographic_reduction_module": True},

"module_configs": {"holographic_reduction_module": {"num_key_concepts": 16,
"reduced_dim_per_concept": 32, "reduction_type": "attention_pooling"}}, "# HAZE": "R—2 7 4 ~ — ik
0 77 7 ffil(AttPool)"),

{"name": "E17_E6_then_HolographicReduction",

"tech_flags": {"module_order": ["semantic_attention_module", "direct_non_commutative_module",
"discontinuity_emergence_module", "holographic_reduction_module"],

"use_semantic_attention_module": True, "use_direct_non_commutative_module": True,
"use_discontinuity_emergence_module": True, "use_holographic_reduction_module": True},

"module_configs": {

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

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size, "dropout": 0.2,
"Internal_processing_dim": hf_model_config.hidden_size},

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

"holographic_reduction_module": {"num_key_concepts": 16, "reduced_dim_per_concept": 32,
"reduction_type": "attention_pooling"}}, "# HAGE": "EIEAtt—>IE Wil F— 5 1 75 7 (AttPool)"},
|
print(f"Total experiment configurations defined in Cell B (Fully Integrated):
{len(experiment_configurations)}")

# 3. 7a—nNEED Sy =4k
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. @ FEERFEITEI% (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_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]

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, # 714 A 7 BRR2ZHNT 5254
)
trainer = dbg_trainer_class_local(
model=model, args=training_args, train_dataset=tr_dataset, eval_dataset=ev_dataset,
tokenizer=tok, compute_metrics=comp_metrics,
)
print(f'Starting training for {config_name}...")
eval_results_dict = {}
try:
trainer.train()
print(f"Training finished for {config_name}.")
print(f"Starting final evaluation for {config_name} (with best model)...")
eval_results = trainer.evaluate()
print(f"Evaluation results for {config_name}: {eval_results}")
eval_results_dict = eval_results
except Exception as e:
print(f"!!! An error occurred during training or evaluation for {config_name}: {e} !!!")
import traceback
traceback.print_exc()
eval_results_dict = {"error": str(e), "eval_accuracy": float('nan'), "eval_loss": float('nan')}
return config_name, eval_results_dict

# 5. 2 TOFEBFFERZ &M 2 8H 0wk

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_EI, etc.) one
by one.")

Fhga—§
EO

# EO--- R—=2 54V -
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_e2} not found.")

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

El

# E1-—-EK 7 ~v
print("--- Executing Experiment E1_SemanticAttention (Baseline + Semantic Attention) ---")

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

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

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

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

E2

# B2 — JEn]fa

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:
# ... (run_ablation_experiment OFEONH L & 55L& 13 [FAR) ...
name, result = run_ablation_experiment(config_to_run_eb, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for {exp_to_run_name_e5}' not found.")
print(f"--- Finished Experiment E5_NonComm_then_SemAft ---")

E3

# E3 ---Wikfudl 7

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

# B4 FEE S L+ JEHR -

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 ---")

Eb5

# E5 - JEnH+ IR T 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_e5), None)

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

name, result = run_ablation_experiment(config_to_run_eb, 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_eb5} not found in experiment_configurations.")

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

E6

# E6--- B 7 ~OL + Wil 7S -

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 - Wit flIFE + ER 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 # fE5% 70 — U REE KA
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

# B8 ——-JEnfffa+ WAzt -

print("--- Executing Experiment ES_NonComm_then_DiscEm ---")

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

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

name, result = run_ablation_experiment(config_to_run_e8, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H % 70 — U EEE &N
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e8}' not found in experiment_configurations.")

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



E9

# B9 - Wi flFE + I nfita -

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 # fE5% 70 — U REE KA
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--- BUR 7 7 > o a v + JEnfH+ Wik Al 76

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 OFEFONH L & &5 5A& 08 13 [FIAR) ...
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---JEAHfa+ 350k 7 7 > o a >~ + Wi fll7&

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 # f5H£ % 70— HUEEE TN
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 --- Wil 7 + 750k 9 ~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 # f55% 7’0 — U REE KA
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_elZ2}' not found in experiment_configurations.")

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



E13

# BE13---50k 5 ~)L + Wik gl 7 + JE T #a

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£ % 70— 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 + 3R 7 oL

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_elb5 = 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 (H: 16): EE 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): 9%B& E17_NonComm_Holo_SemAtt Holo DiscEm ®5%fT -



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 OFEONH L & &% HASHIX 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 ---")

E1l8

# - &)L (F: 18): Ex 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 & &% HASHX 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 23 X 11T\ 5 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 725413 raise NameError(...) & gt
all_experiment_results_summary = {} # 2¢DfFE & L TUBEZHT 2 (LAR— FZREWICTERS)

if 'experiment_configurations' not in globals() or not isinstance(experiment_configurations, list):
print("ERROR: 'experiment_configurations' list is not defined or not a list.")
print("Please ensure Cell B (or the cell defining experiment_configurations) has been executed.")
experiment_configurations = [] # 24DV A + & L CTUFZ 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, it tech_flags d True Db D% 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— L4 5 "use " & "_module" 2RV bDEELERLET S
# f5: "semantic_attention_module" -> "semantic_attention"

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

# HRL7 7 7 HHER (XD THIC T 27%456)
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 258EH Th % Z & ZHER
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® % % £

#---1.CSV7 7 A& LTl T — 8 2 1) -
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 # ColabEREEiT¥ 7 v u— R 9§ 354
# files.download(csv_filename)
except Exception as e:
print(f"Error saving CSV: {e}")

#-- 2. TXA P R—2ADOPEHE ML -
report_text_parts_list = [ # UV A M & &2EH

report_text_parts_list.append(" 7 7L —3 a2 v FEERE G E")

report_text_parts_list.append(f"#i &5 HIRf: {datetime.datetime.now().strftime('%Y4E%m H %d H
%HIRF %M 7T %SH)}")



report_text_parts_list.append("\n--- FZERHFE ---")
report_text_parts_list.append(f"S&fii L 72 S5 %L {len(experiment_configurations)}")
if ' BASE_MODEL_NAME' in globals():

report_text parts_list.append(f'X—2 7 4 ~ %€ 7/V: (BASE_MODEL_NAME}")
report_text_parts_list.append("\n--- #& %% < Y —5 — 7L (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 b Y 7 A (eval_accuracy) DHELRA ~ + ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
report_text_parts_list.append("eval_accuracylZBH 3§ 2GR 2R H D TR A, ")
else:
try:
# 'EO_Baseline' 23F7E$ % >R
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 4 > (EO_Baseline) ® eval_accuracy:
{baseline_accuracy:.4f}")

for index, row in report_df.iterrows():
if row['Experiment Name'] != 'EOQ_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'l}: eval_accuracy = {row['eval_accuracy']:.4f} "
f'(R—2 7 4 v [: {change:+.4f}, {change_percent:+.2f}%)"

)

elif row['Experiment Name'] != "EQ_Baseline'":
report_text_parts_list.append(f"- {row['Experiment Name'l}: eval_accuracy =
N/A")
else:
report_text_parts_list.append("X—2Z 7 A ¥ ®eval_accuracyP3 o 5 e\l N/A
SER

else:
report_text_parts_list.append("EO_Baseline OfER1¥E 500 A, ")
except Exception as e: # X D JA#inL7—F v v F
report_text_parts_list.append(f'eval_accuracyB£EHic =7 —: {e}")

report_text_parts_list.append("\n-— EVER 2 EZZ (H]) ")



report_text_parts_list.append(" (2 212, BEY 2 — L ORIER, FED AT 5 28 D21l
E BHER TR AR WEZEEB L ET) )
report_text_parts_list.append("\n========================================")
report_text_parts_list.append(" WEFHHEDD")
report_text_parts_list.append("========================================")

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

report_filename_txt =
f'ablation_study_summary_report_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S")}.txt" # 2
e Y
try:
with open(report_filename_txt, "w", encoding="utf-8") as f: # £ % & 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. FEX MY 72D 7 71t (eval_accuracyDigE s 7 7) -
print("\n--- Generating Accuracy Comparison Graph ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
print("No valid eval_accuracy data to plot for the graph.")
else:
try:
# NaN#% 71 v bHEICOICERR (b %\ I1ENaN% FRo 2 B S Bead )
accuracies_for_plot_graph = pd.to_numeric(report_df['eval_accuracy'],
errors='coerce').fillna(0.0) # 2 &% EH
config_names_for_plot_graph = report_df['Experiment Name'] # 254 % A5

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') # A% %W

plt.xlabel("Evaluation Accuracy (eval_accuracy)") # Xl 7 )L % Bk

plt.ylabel("Experiment Configuration")

plt.title("Ablation Study: eval_accuracy Comparison") # %4 L % BifEfL.

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" # 24

T



plt.savefig(graph_filename_png) # ¥4 % 25 H#
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 — &l % £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 ---
Experiment Name \

0 EO_Baseline
1 E10_DiscEm then_SemAtt
2 E1ll NonComm then DiscEm
3 E12_DiscEm_ then_ NonComm
4 E13_SemAtt DiscEm_NonComm
5 El4 NonComm DiscEm SemAtt
6 E15_DiscEm NonComm SemAtt
7 El6_Baseline_then_ HolographicReduction
8 E17_E6_then HolographicReduction
9 E3_DiscontinuityEmergence
10 E4_SemAtt_then_NonComm
11 E5_NonComm_then_ SemAtt
12 E6_SemAtt_ NonComm_ DiscEm
13 E7_NonComm_ SemAtt_DiscEm
14 E8_DiscEm_SemAtt_ NonComm
15 E9_SemAtt_then DiscEm
Enabled Modules \
0 Baseline
1 discontinuity emergence -> semantic_attention
2 direct_non_commutative -> discontinuity emergence
3 discontinuity emergence -> direct non_ commutative
4 semantic_attention -> discontinuity emergence ...
5 direct_non_commutative -> discontinuity emerge...
6 discontinuity emergence -> direct non commutat...
7 holographic_reduction
8 semantic_attention -> direct non commutative -...
9 discontinuity emergence
10 semantic_attention -> direct non commutative
11 direct_non_commutative -> semantic_attention
12 semantic_attention -> direct non commutative -...
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10
11
12
13
14
15

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

Module Parameters
N/A
discontinuity emergence Params: {'output dim':...
direct non commutative Params: {'output_dim':
direct non commutative Params: {'output_dim':
direct non commutative Params: {'output_dim':
direct non commutative Params: {'output_dim':
direct non commutative Params: {'output dim': ...
holographic_reduction Params: {'num_ key concep...
direct non commutative Params: {'output _dim':
discontinuity emergence Params: {'output dim':...
direct non commutative Params: {'output _dim':
direct non commutative Params: {'output _dim':
direct non commutative Params: {'output _dim':
direct non commutative Params: {'output_dim':
direct non commutative Params: {'output dim': ..
discontinuity emergence Params: {'output dim':...

eval_loss eval runtime eval_ samples_per second

0.688699 1.8776 1.065
0.736395 1.6775 1.192
0.616950 4.9560 0.404
1.023794 3.3342 0.600
0.567012 2.2478 0.890
0.764114 2.2710 0.881
0.607204 2.2465 0.890
0.906949 2.1855 0.915
0.678603 3.0142 0.664
0.868324 1.9046 1.050
0.963613 3.0502 0.656
1.116018 2.2061 0.907
0.685527 2.4085 0.830
0.814655 2.4238 0.825
0.536180 2.2108 0.905
0.590823 1.7185 1.164
epoch
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Detailed experiment results saved to
ablation_study final results_20250529 042318.csv

eval accuracy

0.
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eval steps_per_second

1.
.192
.404
.600
.890
.881
.890
.915
.664
.050
.656
.907
.830
.825
.905
.164
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77—y a3 yRBRRERREE

WEHRF: 2025F05H29H 042340188

-—— EBRHE -
FHE U foEERERE: 18

R—XZ4>YET): bert-base-uncased

-— ERYYY—F7—7)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
E0O_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
El1l_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
El4 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

El6_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

-——— FEAKNYY R (eval _accuracy) DERRA VK ——
- X—XZ4~ (E0_Baseline) D eval accuracy: 0.5000
- E10_DiscEm then SemAtt: eval accuracy = 0.0000 (N—XZ- Vlt: -0.5000, -

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

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

- E13_SemAtt DiscEm NonComm: eval accuracy = 1.0000 (N—XZ- Vlk: +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, -
100.008%)

- 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- >ik: +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-ILOHRY. BREDADICH I 2HEEFHOERE, BELITTRREABVWERZ R
LEXY)

WESRDD




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
Ablation Study: eval_accuracy Comparison

|
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import torch

import torch.nn as nn

import torch.nn.functional as F
class InterpretableHolographicReducer(nn.Module):
def __init__ (self, input_feature_dim, # Aij O FEE 2> & DR~ -
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num_key_concepts=16, # FET PR L T B EWEE
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DIEFE ---

import torch
import torch.nn as nn

import torch.nn.functional as F

class InterpretableHolographicReducer(nn.Module):

def _init (self, input_feature dim, # HiDFESED & DFHER 7 FIVDRIT (=7 ¥ A D
HFHEFR)

num_key concepts=16, #FEHTHHELE 2 EHWME (7 L&) O
reduced dim_per concept=32, # L& THELY - M I N2l ROX T P LRI

model config=None, # N—2Z2E T /)L Dconfig (A 7> a V)



module_specific config=None # Z DE ¥ 2 — IVFFH 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() # fEZE L DA % -1~ 112 IERME T 5 61 ()

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 1s not None:

concept_specific_attention_scores =
concept_specific_attention scores.masked fill(attention mask == 0, -1€9)

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 i= self.activation after projection(

self.reduction_projector(context vector for concept i)

)

reduced concept vectors_list.append(reduced vector for concept i)

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 # 2D 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.")

ROV — 7988 0 — F &R

#-- Lk y b7y LA —FVEIEE) (> v TV - FRE) ---

#O. TELGBEANROAT VAL VA F—)L



Ipip uninstall -y numpy torch transformers datasets accelerate fsspec -q

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

# 1. NumPy % 1.x DLEN— a VICHEE

Ipip install numpy==1.26.4 -q

print("Installed NumPy 1.26.4.")

# 2. PyTorch (NumPy 1.26.4 & O B a4 % HERF)

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) (fsspeclddatasetsDIK{ETA % Z & % RF)

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. ZDOMAHET A 77V
Ipip install scikit-learn -q
print("Installed Scikit-learn.")
Ipip install pandas -q

print("Installed Pandas.")



Ipip install matplotlib -q

print("Installed Matplotlib.")

# S5 GEBEIRDF = v 7

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

Ipip check

# 6. 71— % L FECE)

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

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

#--- &)V 1.1: Google DriveD <7 v I EFERIRAEH T4 L 7 B Y BRE -

from google.colab import drive

import os

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

print("Google Drive mounted successfully.")

# Yok Ak ok BEEEDGoogle Drive N DY) 72 /S Z 1T ZEH LT L 72 3 W Seodokokok
#4l: <4 B 7 A 7TETIT "Colab_Experiments Outputs" & \>9 7 4 )V ¥ Z{ERT %54

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



# Y% % %k %k CUSTOMIZE THE PATH ABOVE %% % % %

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=""# I —BlIae—AnLohL T4 L Z FVICT7 53—
2N

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 172 DRIVE RESULTS PATH (. #&fitd XL (Fflzk L3kl
B _runtime) TSI N £ 7,

# print(f"DRIVE_RESULTS_PATH is set to: {DRIVE_RESULTS PATH}") # fif a2 F

#--tN2: 94T 7)VDAL VR— ] -

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 # 4[] lXexperiment_configurationsZ FEITRINZEET 2 720, BRI TIEA
B

import json

import os

import datetime
import pandas as pd

import matplotlib.pyplot as plt

print("--- Cell 2: Libraries imported successfully. ---")
#(A T av:FEIALATT7VDN— 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 }")#PEFTZEEMH L Z W&k a
AV E7T LA

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 23R E R DL E D RIS

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 FEAGE « HE 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 I &b il
NUM_EPOCHS =5 #hFEEIEZZE L, £33y 7 TT AL
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}...")

hf 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}")

# - k4 F—% kv FEfE L compute_metrics BB D ERE ---
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("IMDDb 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
DY —r VAR TTA

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 HicA & (#: 500)
NUM_EVAL_SAMPLES FULL = 100 # %7 A b4 & (#: 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) == 0: 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. ---")

# --- £ 1'5: 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. ---")

# --- £ IVA (8): fifsE 7L & DebugTrainerdE# (K#L— 70 - 8873y 7ifbhiik) ---

# (from transformers import PreTrainedModel, AutoModel, AutoConfig, Trainer 7% £1Z £ V2TA ¥ K —
R A)

# (torch, nn, F 2 L2TA v R — FIFH)

# (SemanticConceptModuleld £ V5 TEFELITA)

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 OEETIX
semantic_attention_module® &
self.active_module_names_in_order = []

# SAERIREHOL — 7" D 3RGE %2 IS

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 O%EETIZ SemanticConceptModule @ &ML,



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().numpyy()
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().detach()
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[{"{module_name_key}
_{output_key}"] = output_value

# 77—V N (ZoFEBETIERR T T 7R LD T, CLSF—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 = CrossEntropyLoss()
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 ADE# (B 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. ---")

# --- X )VB_config (9): FEERMERL Y X + & 7o — OVERUS y i — Y DIEFR (K#OL — 7 EEH]) -
print("--- Cell B_config: Defining Experiment Configurations (EO, E1, EIR) and Global Variables Pack
)
required_for_config_list = [ # Z DEBRTHEZRE Y 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("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": {}, "# HAZE": "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": "BW7 7> ¥ a v (L —7fE)"},

{"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

HEBIOL — 7

Y, "HHAGE" "R T v v a v (REEEOL — 76",
|
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 DFEFTIZSCMD A
}
print("Global variables for experiments packaged.")
print("--- Cell B_config: Execution complete ---")

# --- & )UB_runtime (10): Ho@ FEERFZFTEI B & A5 REEE D HEf ---
# (import os, json, TrainingArguments 1+ L2TA ¥ K — FFA)
print("--- Cell B_runtime: Defining Execution Function and Initializing/Loading 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("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} ---") # v Z'fil&{l
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]

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, # 7 7'HJj % Fi#%
# 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.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'),
"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 ---")

# --- &)L 11: B EO_Baseline %47 -
exp_name_to_run = "EOQ_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 c 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} ---")

# - £ 112: FZE E1_SemanticAttention_NoLoop DFEfT ---
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 c 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} ---")

# - 1 13: FE E1R_SemanticAttention_WithLoop ®%EfT ---
exp_name_to_run = "EIR_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 c 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} ---")

# - kL 14 BRAKEERER £V (FE8UL— 7 FZERH]) ---
import pandas as pd

import matplotlib.pyplot as plt

import json # json234 ¥ F— b SN TR WA 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():
# FEERA BT 2 3%E % experiment_configurations 2> 5 B (HAGEa A~ F 2 L)
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 % fifif]
"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 %X 7
"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 L OFRNEZ G

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

# EBRITAAET 55 7 LD Az iER

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

print(results_df[display_cols_present].to_string()) # 4 CF#RnR

# CSV7 74 V~DIRTT
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.")

# --- Accuracyltig 77 7 ---
print("\n--- Generating Accuracy Comparison Graph ---")
valid_accuracy_df = results_df.dropna(subset=['Accuracy']) # NaN % [/
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) # Accuracyl307> & 1 D i
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.")

# --- Losstig 75 7 ---
print("\n--- Generating Loss Comparison Graph ---")
valid_loss_df = results_df.dropna(subset=['Loss']) # NaN# [x7¢
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) # Lossix02L 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/ & F#
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.

4

Found 3 entries in all experiment results_summary.

Experiment Summary Table:

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

{

Experiment Name Accuracy Loss Runtime_s Epochs_Eval Error_Msg Notes
0 EO0_Baseline 0.84 0.451481 0.8313 5.0 R=RZ7AV
1 EIR SemanticAttention WithLoop 0.86 0.358571 0.8615 5.0 B®R7 7V a3y (RERBHEIL—7f)
2 El_SemanticAttention NoLoop 0.87 0.389781 0.8198 5.0 B®R7TVY 3y (I —TE)
Experiment Summary Table:
Experiment_Name Accuracy Loss Runtime_ s
Epochs_Eval Error_Msg Notes
Tech_Flags
Module_Params
0 EO0_Baseline 0.84 0.451481 0.8313 5.0 A S 7

{'module_order"':

{}
1 EIR_SemanticAttention WithLoop

[1,

0.86

{'module_order"':
{'semantic_attention_module':
'convergence_threshold': 0.005}}

2 El_SemanticAttention_NoLoop 0.87

[ 'semantic_attention module'],
{'semantic_attention_module':

'use_semantic_attention module': False,

[ 'semantic_attention module'
{'num_concepts"'

'use_semantic_:
{'num_concepts"'

0.358571

1,
: 32,

0.8615

'concept_dim': 64,

0.389781 0.8198

attention_module': True,
: 32, 'concept_dim': 64,

'use_semantic_attention module': True,

'use_refinement_ loop': False}

5.0
'use_refinement_loop': True}
'output_dim': 768}, 'refinement loop':

5.0 BR7 Ty a3y (L—7)

'use_refinement_loop': False}
'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 ---

B®R7 7Yy ay (REBHRIL—TN)

{'max_iterations': 3,

{'module_order"':
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---— End of Result Output ---



weati X B Gtk

ai XA BV AR Y — % 7 7 F v I X 5 ST TOVOMBIRETER E - A AR
T—=%%y FZHOEEWREED R 74 bRy 2 AU (White-Boxing Language Models with

a Serial-Oriented Architecture: Semantic Structure Generation via Self-Generated Datasets)

YLH (Abstract)

KHEEESFEET L (LLM) OIEHIE, AutoMLIZREZI NS TAIORFL, Z2IEIE 5
—Ji. ZOEMICIZHMAERZ ST 2 SE ROV X 70, € TN DOHEimEE I AEH %
75w 7Ry 7 AR, Lo efil B R IR LCQw 5, FFIZ, Mixture-of-Experts
(MoE) IZfRESI N2 T DRMEREE TV, ZDWMHINDD A S—Z MBI K D | Hve
B LMK T 25, BE o RO 2 B I T aEHANH B,
X, EVRA LOBEEPGES, SOEFEED RO 6 N3 TOAIE A B 2 H ALK
BEL 70 %, RIFETIZ, ZOMEBEBEHED L — R 72l T3 7 7u—F & LT,

MEFHE M O E R E A K (Serial-Oriented Semantic Structure Generation, S4G) 77— 7 7

FrZRET S, S4GI3. W—DEEEE TV (Dense Model) %, WEICERI NIV T
YAy ZEICEBEICIEN G 2 & o, WM iR AR ATRE 2 TREIRMEE ) o
BEANEDBL, Tux 2A2k0F 74 bRy 2 22 HIET, 2OT—FX 77 F v D%
ELT, AIHEN 7 7 A v Fa—=v I HORMELRT =Yy & (Fn, BEEgHz2 5
) ZERTSE TF—%y MEREY 2—)L) 2R HEET 2, BEFAQICHETI Y
RBE Y A7 Z 7Bz U, RREEFED, mFTDOMoEE TIVICILHT 524 A 7
e F1Aa7) 2 Lo, #7700 v 20BWHEE L EEE2 BN cm FXEs2 L%
FAET %,

1. J¥¥ifii (Introduction)

e L1L.YE:AIBRORIMLE., ZOHICHD "B Vertex ALCREINZ 7 I 1
AI77y P74 —=201%, THECOHAIDMENS ) L\WwIHEY a v Z2iEF, AIFFKOR
FbZ I HEE L T B, L L, ZOHEMNICIE, FEMAGRD 22— — 3%
G5 DR ERPEIFET 5, F—Io, KB Y —2D TIREEL - /.
Ev, FIAR L IZEBIRICHRET 2 MR OBEGARRETH 5, ZHUIFFIZ, GPUD
X9 Elize Y Y — A BB TICHH L 25BE, BRL AL EFEERICER 2 HE
RV RA7 L5, BT, AwtoMLR SRR R—2A T TR T 2 FiR &



jlefaz iz, A Thez2offiimz LDy Bahrokv, 79y 7Ky 7
AM#E) THB, s o0FEIE, FEMONHE RS T, 2=
B2 P L, a v b —V FICES 2 e85 M) & LTHEBEL Tw
%o

o 1.2 [NEESE : PERE LBENMEDO Y L Ve i FEDLLM DK IX, Mixture-of-Experts
(MoE) 7—X% 77 F ¥ D&YX D, S 6% 50 EERM2ERL 72, L
L. 2O7—=*77F vid, BREROEMEK (XA =) 2y b7 —7 ZEHD
DOMSNNCHIH T 2720, EDOHEMRD, ZE TN, ED X ) IThifmIcHB L 7
DH>, ZDORE T A2 /D 68T 5 L3O THNEETH 5, MEREZIEK
T2IFE, BIELROND, TOY LY 2ld, AIDFAFEEICE T 2 HHEMT
. AHDOHMZK E DHFEICE VT, LI NERXEEEOHETH 5,

o 13 AWEOHMEEMR Ao HWIZ, oW EBHED FL— N4 7 2@E L.
AIDEE a2 #5210t (Av A4 bRy 7 240) T53Hn7—%77
FrZBETZIEICHZ, 200z, TEIERMOEBREEERK (S4G) | &
W) 77 —F G L, T, H-TEESRTHILRP T W EREE T VR
EETE 28, & LT, MRz . A[IDMEGEE A RE 75— o) IR
DHER T B ANEGHT 5, AFEOEBNZ, ODAIDEE 70 v X 2#idElT— %
ELTHNIEE2 LT, BeLEHEEZHRT 2 FEE2RA L, ©OF0EBUIA
AR 72 E 7228 7 — 8 % ATASMER T 2 H OWGEN 2L — 7Ol agM: 2 R
L7282 Hh 5,

2. BIHISE / 195 (Related Work / Background)

o 21 RKBIRSHEETNE 72 74 vF a—= vV EBEEHIE, ERGHITEEFEAT
TIVERED Y A7 ICHEIE IS5, BUNDAIBIFICE T 2N TFIETH 5,
BA DFEROMBY , R—2ZETFTNVDOEEIL TFHHE, . 774 v Fa—=v7F T#
Bl iWlzZoi, Z2OMAPREERZIET 5, LaL, fEd L7 74 v
Fa—=v7%, TADER, © RIS, Z25ERI L, XR—ZAETILDHE
NEEZIVATZHIESATVLS,

»  2.2. Mixture-of-Experts (MoE) DRk & BRYE Mixtral 8x7B% EDMoEE 7V Ik, /35
A —ZBUT LT, MR I T 2 B33 X =9 Bz ilz 5 2 LT, §lHEE)
KrBWcm L3, 2, alaE (F—rxy b7 —7) DAIICIEL TR
WREMREENT 2, BERGILE7 -7 7F ¥ ThHd, LoL, 2ol
W EBNZRIL—TF 4 v 2205, —H L mPiEEod#E 28059 2 2 & % K
L, |ADHEHET "R 74 bRy 72y L3 mE, $hbs EMREL
7w Ry 7 A ALERET S,



23. i F a—= v 7 L EME (CoT) ETNVONAM LHERIEN 2 ED %72
@ TErBIEEE N 2B XD TS VA I ay - Fa—=v7 ) o, KhEmic

2ETO L A% EHIE S THEFZEE (CoT) Fa—=v7 ) BEXITHSC
é;i) VHIs T3, L2L, INSDFEORINE, ZDODENERT—F
v b, AEDBKEIERTE L0, FichR bl ry 72EAH LTS
AKZelk., 2OF—% Xy Mo 7t 2 k%2, AUCk>THEILT 22 L%
A D,

3BT« RN OEWRANE R (S4G)

3.7 —X%7 27 F v BE S4GI1k, H—DEEELLM (AfHTldMistral 7B) % [
Hrvyyv) ELTHHT %, YN 7594 v Thb, EHERATNX, ¥T
Y2 BRES 2=V Ik THEEDY 7Y 27 IC5BEEING, § 7Y A7
ik, HEFICEEL Y IcEIR, 2ol (b3 nzzgZ%r—%) 5. XD
YITYRITDANE RS, TOHEBENR T 0 ZARH, RKNEEEICES £ T

D, WEETTREZ: TR 24T %,

32. 32y K- b LTV (RYWRNIEE) OFEEH A7 —
*77F v TlE, MoE (FEFIEF —2) ORHZEXINWICE T2, ¥R s, £A
Ty 7TRDLNLDIE, FEXTFHARE T, LELTE D, 2 omEmEIcng z2 i
7. BEEOEVHE—Da Y R—F%V PS5 TH S, Mistral IBO L ) % TRF
HTEESE ) 13, C OEANUF O ZEFEIC B VT, ﬁrﬁ:%ﬁﬁtpﬁﬁﬁiﬁi%%ﬂﬁbfi
AT oD, HENL T, & UTHERET

33HEET 2= AN KB 7 7 A v Fa—=v T =%ty MER AFIEO
DE, SAGOMREEIRAIL T 2720D7 74 v Fa—=VTHT—% 2y b %, Al
HEWERT 2HICH 5, ZOEY2—113, OFEBELT XA L2025 DQEART
i, OQFMRAZEMEAA~D 7T — 2 HRE, @BEHH (CoT) DEMIT. £\v93
DDEINAT v 7 TRERE NS, Tk, HERD TIEERAL %2, AIDMYEET]
ez AL &L AIEREVIC AT 5,

4. FEEREE (Experimental Setup)

4.1. 7—%% v b: HREONBMIEFAQ, KU HN~= 27 V2 IERELT ¥ A b
& LCHEH,
42. R—ZAEF):

o IRETIES4G)DIEEZ LY Mistral-7B-Instruct-v0. 2
o ISR Mixtral-8x7B-Instruct-v0.1
4.3. P FE L



o AVIVERE: EMIRE D IFMRICESCFIA DT,

o fRBUATREME: B S N BHMAEED, EoME, ARoftim7ute R & —&K
L. MGEEATBEC b 2 2% 3Tl 9 2 BRARTTREME X O 77 (AT X % SBEREET
fifi) o

c 44.7 7L —Ya v AP T4 atli

o JEMH1 (S4G vs. MoE): 1R EF ik & | Mixtra i EFEMZ&IF5 v Fy—x
Y FOFELE T, 168 & MR ATREEZ ik 32, K&t : F1 A a2 7IZF%T
. FRIRATEENE 2 2 7 TS4GHIERE T 5,

o FEER (T—%y MEROAHME): AIVER LTSy FTT7 AV
Fa—=v I LIETNE, NHEBFEETERL ZFABEO T—5 2 v b
TI7A VY Fa—=v 7 LEeETVOMRELZ KT 5, Kl AVEKT—%
X, ZRREOBIND S, FEET—% LHSEM Lo E, Ed K\ a R
FCEKT 5,

5. fi At & &% (Expected Results and Discussion)

ARFEERIC LD . S4GIE. BRI DOMOEE FILICIEHET 3 ¥ A 7 MERE 2 #ERs LoD, 2D
ETOLRABRERICHATA PRy 7 2{LTEZ L 2RT 2 EDBFINS, S4GIE, A
FIMFRD T2 DIV ARV AICHETOBIE (LA T7vy) MEL 2R H 505, 2D b
L—FA7LLT, EYRA L, BHTlifEDE > EHEME, & THEEN RN, ZR4t5
5, DT LI, Az TEZZMTHEM 2206, AMEHHET 2 EHTE 53—
FF—) NEREIE S LT, BELIRIREE5255DTH 5,

6. fia & ZHDJEH (Conclusion and Future Work)

AWTIE, LLMD 7' 7 v 7 Ry 7 AREICWILT 5 720, EIHRIA7?—% 727 F v
'S4G, ZIEL 7, ZOFEIZ, AIOBE 7 10k 2 % R HE 2 WS O & LT
HhT22ET BOEHEZ2HEET 2, £, ZOHEBICATR LEMWE L2EE 7 —5
Z, AIHEDERT 2 XA 9N 7 Tu—F 0L R L7z, SHBOBEELTIZ, 20
S4GDKEY 2 — )Lz HFIWICEEES ¥, HEVWZHABIEL VW7 -y FEET
VDE Z I A LI Tu | BREHCKE LN —7TOMENREIT NS,

HEET L —avERa—F (06/10)



# --- Cell 1.1: Google Drive Mount and Results Directory Setup (Minimized) ---
from google.colab import drive

import os

try:

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

print(" Google Drive mounted.")

# A HAY A RHERE (B)

DRIVE_RESULTS PATH = "/content/drive/MyDrive/Colab_SSG_Ablation_Study Full Results"

os.makedirs(DRIVE RESULTS PATH, exist ok=True)

print(f" (%) Results directory ready: {DRIVE_RESULTS_PATH}")

except Exception as e:

print(f" /1. Google Drive mount error: {e}")

DRIVE RESULTS PATH = "./local_ssg_ablation_results"

os.makedirs(DRIVE RESULTS PATH, exist ok=True)

print(f" /1. Using local results directory: {os.path.abspath(DRIVE RESULTS PATH)}")

print(f'DRIVE_RESULTS_PATH = {DRIVE_RESULTS_PATH}")

#-—- 2 )L1: ColabWI M BRIGAESE (HEXE : 7 v 77—+ &) —

!pip install --upgrade datasets fsspec transformers

i o %



# transformers: HuggingFace D € 7 )L 2 « Tokenizer H
# datasets: 7—F B —F - #JZ 7 4 77 Y (HuggingFace Datasets)
# fsspec: datasets® 7 — & T/OfifiB))

#

# H-PC (Qiskit, CirqZs &) Z#H%CEHAT 254132 ZISELHETT,

#-- )l (4 A= MERME) (BERE, 7477 VDA v F— b, 2FERE -

try:

import datasets

print(f" datasets version: {datasets. _version__}")

except ImportError as e:

print(f'x datasets import failed: {e}")

try:

import transformers

print(f' transformers version: {transformers. _version__ }")

except ImportError as e:

print(f“x transformers import failed: {e}")

try:

import fsspec

print(f’ fsspec version: {fsspec. version__}")

except ImportError as e:

print(f"x fsspec import failed: {e}")



#-—- N2 (FBRBIER) : 7T—4% vy Fu— FE% (IMDb & SNLIFG) -

from datasets import load_dataset

from torch.utils.data import Datal.oader

def get dataloaders(task name, tokenizer, batch_size, num_train_samples, num_eval samples):
if task name == "classification_imdb":
print("Loading IMDb dataset from HuggingFace hub...")
dataset = load_dataset("imdb")
elif task name == "nli":
print("Loading SNLI dataset from HuggingFace hub...")
dataset = load_dataset("snli")
else:

raise ValueError(f"Unknown task name: {task name}")

def preprocess(example):
if task name == "classification_imdb":
return tokenizer(
example["text"],
padding="max_length",
truncation=True,
max_length=CFG.MAX TOKEN LENGTH
)
elif task name == "nli":
return tokenizer(
example["premise"],
example["hypothesis"],
padding="max_length",
truncation=True,

max_length=CFG.MAX_TOKEN_LENGTH



print("Tokenizing dataset...")

tokenized dataset = dataset.map(preprocess, batched=True)

if task _name == "classification_imdb":
train_dataset = tokenized dataset["train"].select(range(min(num_train_samples, len(tokenized dataset["train"]))))
eval dataset = tokenized dataset["test"].select(range(min(num_eval samples, len(tokenized dataset["test"]))))
num_labels =2
elif task_name == "nli":
train_dataset = tokenized dataset["train"].filter(lambda x: x['label'] !=-1)
train_dataset = train_dataset.select(range(min(num_train_samples, len(train_dataset))))
eval dataset = tokenized dataset["validation"].filter(lambda x: x['label'] !=-1)
eval dataset = eval_dataset.select(range(min(num_eval samples, len(eval dataset))))

num_labels =3

# Rename 'label' -> 'labels' for consistency with training pipeline
train_dataset = train_dataset.rename_column("label", "labels")

eval dataset = eval dataset.rename_column("label", "labels")
# Set dataset format

columns = ['input_ids', 'attention_mask’', 'labels']
train_dataset.set_format(type="torch', columns=columns)

eval dataset.set _format(type="torch', columns=columns)

train_loader = DataLoader(train_dataset, batch_size=batch_size, shuffle=True)

eval loader = Datal.oader(eval dataset, batch size=batch_size)

return train_loader, eval loader, num_labels

print("--- Cell 2: Dataset Loader and Preprocessor (Fixed) ready. ---")



#--- 2Ll (GEREBIENR) BEERE. 7477 YDA v R— b, 2FRE -

#EEHES £ 777 )
import 0s

import json

import time

import math

import copy

import io

import random
import numpy as np
import pandas as pd
from tqdm.auto import tqdm
import tarfile
import zipfile

import urllib.request

# PyTorch%

import torch
import torch.nn as nn
import torch.nn.functional as F

from torch.utils.data import Datal.oader

# HuggingFace Transformers:%

from datasets import load_dataset, Dataset, DatasetDict
from transformers import (

AutoConfig,



AutoModel,
AutoTokenizer,
get linear schedule with warmup,

)

from sklearn.metrics import accuracy_score

# - FHEREE (GlobalConfig) ---

class GlobalConfig:
SEED =42
BASE MODEL NAME = 'bert-base-uncased'
DEVICE = torch.device("cuda" if torch.cuda.is_available() else "cpu")

TRAIN SAMPLES =10 # a7y 7' H]
EVAL SAMPLES =2 # &7 Ny 7'H

MAX TOKEN LENGTH =256
EPOCHS =2
BATCH SIZE=16

LEARNING RATE =2e-5

# AL — FHEE B

def set_seed(seed_value):
random.seed(seed value)
np.random.seed(seed_value)
torch.manual_seed(seed value)
if torch.cuda.is_available():

torch.cuda.manual_seed_all(seed_value)

CFG = GlobalConfig()

set seed(CFG.SEED)

# - FATERBL DR -

print(f"--- Environment Setup ---")



print(f"PyTorch Version: {torch. _version__ }")
print(f'Device: {CFG.DEVICE}")

print(f"Base Model: {CFG.BASE MODEL NAME}")
print(f'Seed: {CFG.SEED}")

print(f" ")

#-m k)2 T—HF v b DU — F & DataLoader i ---

from datasets import load dataset

from torch.utils.data import Datal.oader

defload and prepare dataset(task name, tokenizer, train_samples, eval samples, max_length):

IMDb% 72 IZSNLIOT—% v F%Znu—F L., b—72FA XL TDataLoader% iX 9 BH%L,

nmn

if task name == 'classification_imdb":
print("Loading IMDb dataset from HuggingFace hub...")
raw_datasets = load_dataset('imdb')
train_dataset = raw_datasets['train'].shuffle(seed=CFG.SEED).select(range(train_samples))

eval dataset = raw_datasets['test'].shuffle(seed=CFG.SEED).select(range(eval samples))

def tokenize function(examples):

return tokenizer(examples['text'], padding='max_length', truncation=True, max_length=max_length)

num_labels =2

elif task name == 'nli":



print("Loading SNLI dataset from HuggingFace hub...")
raw_datasets = load dataset('snli")

train_dataset = raw_datasets['train'].filter(lambda x: x['label'] !=
-1).shuffle(seed=CFG.SEED).select(range(train_samples))

eval dataset =raw_datasets['validation'].filter(lambda x: x['label'] |=
-1).shuffle(seed=CFG.SEED).select(range(eval samples))

def tokenize function(examples):
return tokenizer(
examples['premise'],
examples['hypothesis'],
padding="max_length',
truncation=True,

max_length=max_length

num_labels =3

else:

raise ValueError(f'Unknown task name: {task name}")

# Tokenize datasets
train_dataset = train_dataset.map(tokenize function, batched=True)

eval dataset = eval dataset.map(tokenize function, batched=True)

# Rename 'label' -> 'labels' for consistency
train_dataset = train_dataset.rename_column('label’, 'labels')

eval dataset = eval dataset.rename_column('label', 'labels")

# Set dataset format
train_dataset.set _format(type="torch', columns=["input_ids', 'attention_mask’, 'labels'])

eval dataset.set format(type="torch', columns=['input ids', 'attention _mask’, 'labels'])



train_loader = DatalLoader(train_dataset, batch size=CFG.BATCH_SIZE, shuffle=True)

eval loader = DatalLoader(eval dataset, batch size=CFG.BATCH_SIZE, shuffle=False)

return train_loader, eval loader, num_labels

print("--- Cell 2: Dataset Loader and Preprocessor ready. ---")

# --- & )L 3: PipelineModel (SSGHEARIIE)  ---

class PipelineModel(nn.Module):
def init (self, config):
super(). _init_ ()
self.base_model name = config['base_model name']
self.num_labels = config['num_labels']

self.enabled modules = config.get('enabled modules', [])

# Transformer Backbone
self.base_model = AutoModel.from_pretrained(self.base_model name)

base hidden dim = self.base_model.config.hidden_size

#EMmey 2—L

self.modules_list = nn.ModuleList()
for module name in self.enabled modules:
if module name == 'semantic_attention':
self.modules_list.append(SemanticAttentionModule(base hidden dim))
elif module name == 'semantic_concept':
self.modules_list.append(SemanticConceptModule(base hidden dim))

HBDES 2 — iz 2 2Bt Ed



else:

print(f" /1. Warning: Module '{module name}' is not recognized and will be skipped.")

#08~y F

self.classifier = nn.Linear(base hidden dim, self.num_labels)

def forward(self, input_ids, attention mask, labels=None):
outputs = self.base_model(input_ids=input _ids, attention mask=attention mask)

hidden_states = outputs.last_hidden_state

#SSGE Y 2 — LA (FEXK)

for module in self.modules_list:
module output = module(hidden_states, attention_mask)

hidden_states = module_output['last_hidden_state']

# 7=V CEE7—=) v 7)

pooled output = hidden_states.mean(dim=1)

#7HH

logits = self.classifier(pooled output)

# HIGEHE (IR

loss = None
if labels is not None:
loss = F.cross_entropy(logits, labels)

return {'loss": loss, 'logits": logits}

print("--- Cell 3: PipelineModel (SSGX¥)i+) defined. ---")



# --- Cell 3b: PipelineModel (Notebook X Iis: € ¥ 2 — )VIEESH) ---

import torch
import torch.nn as nn

from transformers import AutoModel

class PipelineModel(nn.Module):
def init (self, config):
super(PipelineModel, self). init ()
base_model name = config["base model name"]
num_labels = config["num_labels"]

enabled modules = config.get("enabled _modules", [])

self.base_model = AutoModel.from_pretrained(base_model name)

hidden_size = self.base_model.config.hidden_size

self.modules_dict = nn.ModuleDict()

# SemanticAttentionModule
if "semantic_attention" in enabled modules:
self.modules_dict["semantic_attention"] = SemanticAttentionModule(

input_dim=hidden_size, attention dim=64

# SemanticConceptModule
if "semantic_concept" in enabled modules:
self.modules_dict["semantic_concept"] = SemanticConceptModule(

input_dim=hidden_size

# DirectNonCommutativeModule



if "direct non_commutative" in enabled modules:
self.modules_dict["direct non_commutative"] = DirectNonCommutativeModule(

input_dim=hidden_size

~

Sl

self.classifier = nn.Linear(hidden_size, num_labels)

def forward(self, input_ids, attention mask):
outputs = self.base_model(input ids=input _ids, attention mask=attention mask)

hidden_states = outputs.last_hidden state # (batch, seq len, hidden dim)

for module name, module in self.modules_dict.items():
result = module(hidden_states)

hidden_states = result["last_hidden_state"]

pooled output = hidden_states[:, 0, :] # [CLS] token
logits = self.classifier(pooled output)

return {"logits": logits}

print("--- Cell 3b: PipelineModel (Notebook X )3 defined. ---")

# --- Cell 4: SemanticAttentionModule (attention dim k) ---

import torch

import torch.nn as nn

class SemanticAttentionModule(nn.Module):
def init (self, input dim, attention dim=64, model config=None, module specific_config=None):

super(SemanticAttentionModule, self). init ()



self.input _dim = input _dim

self.attention_dim = attention dim

# attention_dim D HfS:

if module_specific_config is not None and 'attention_dim' in module_specific_config:

self.attention_dim = module specific config['attention dim']

# Attention/E

self.attention_layer = nn.Sequential(
nn.Linear(self.input_dim, self.attention_dim),
nn.Tanh(),

nn.Linear(self.attention_dim, 1)

print(f"SemanticAttentionModule initialized: input_dim={self.input dim}, attention dim={self.attention dim}")

def forward(self, hidden_states, attention mask=None, **kwargs):
# hidden_states: (batch_size, seq_len, input_dim)
attention_scores = self.attention layer(hidden_states).squeeze(-1) # (batch_size, seq len)
if attention_mask is not None:
attention_scores = attention_scores.masked _fill(attention_mask == 0, -1¢9)

attention_weights = torch.softmax(attention_scores, dim=1).unsqueeze(-1) # (batch size, seq len, 1)

# HANMNITH

context_vector = torch.sum(hidden_states * attention_weights, dim=1, keepdim=True)

output = context vector.repeat(1, hidden states.size(1), 1) # (batch_size, seq_len, input dim)

return {"last_hidden_state": output, "attention weights": attention_weights.detach()}

def get output dim(self):

return self.input_dim



print("--- Cell 4: SemanticAttentionModule (attention_dim*J i) defined. ---")

# --- 2 )L'5: SemanticConceptModule (FMMZEY 2 —L) -

class SemanticConceptModule(nn.Module):
def init_ (self, input_dim, module_specific_config=None):
super(). _init_ ()

self.input_dim = input_dim

cfg =module specific_config if module specific _config is not None else {}
self.num_concepts = cfg.get("num_concepts", 32)

self.concept _dim = cfg.get("concept_dim", 128)

#WMETa sy 47

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()

print(f"SemanticConceptModule initialized: input dim={self.input dim},"

f'num_concepts={self.num_concepts}, concept dim={self.concept dim}")

def forward(self, hidden_states, attention _mask=None, **kwargs):

# hidden_states: (batch_size, seq_len, input_dim)



projected_hidden = self.activation(self.hidden_to concept proj(hidden_states))

# projected hidden: (batch_size, seq_len, concept _dim)

attention_scores = torch.matmul(projected hidden, self.concept prototypes.t())

# attention_scores: (batch_size, seq_len, num_concepts)

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, -1¢9)

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

# attention_weights: (batch_size, seq_len, num_concepts)

contextual concepts = torch.matmul(attention_weights, self.concept_prototypes)

# contextual concepts: (batch_size, seq len, concept dim)

projected contextual concepts = self.activation(
self.concepts to integrate proj(contextual concepts)
)

# projected contextual concepts: (batch_size, seq_len, input_dim)

fused hidden_states = hidden_states + projected contextual concepts

# 77 (hidden_states & BE&EHRDOALA)

return {"last hidden state": fused hidden states, "attention weights": attention weights.detach()}

def get output dim(self):

return self.input_dim

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



# --- Cell 6: DirectNonCommutativeModule (Optimized) ---

import torch

import torch.nn as nn

class DirectNonCommutativeModule(nn.Module):
def init (self, input_dim, output dim=None, model config=None, module_specific_config=None):
super(). _init_ ()

self.input_dim = input_dim

# AU
cfg =module specific_config if module specific_config is not None else {}
self.verbose = cfg.get("verbose", True)

self.internal dropout = cfg.get("dropout”, 0.2)

#5774V F ¢input dimD2fE FEEMESH D)

self.internal ff dim = cfg.get("internal processing dim", input_dim * 2)

# o0

self.output dim = output dim or cfg.get("output dim", input dim)

#IENMHa o v ¥ (T EEAESY)

self.non _commutative processor = nn.Sequential(
nn.Linear(input_dim * 2, self.internal ff dim),
nn.LayerNorm(self.internal ff dim),
nn.ReLU(),
nn.Dropout(self.internal dropout),

nn.Linear(self.internal ff dim, input dim)



#ASTA =% (FETTRE

self.lambda_param = nn.Parameter(torch.tensor(cfg.get("lambda_init", 0.5)))

# W (RILD3 7% 23564)

if self.input_dim != self.output dim:
self.final integration projection = nn.Linear(input_dim, self.output dim)
else:

self.final_integration projection = None

#na

if self.verbose:
print(f'DirectNonCommutativeModule initialized: "
f'input_dim={self.input_dim}, output dim={self.output_dim}, "
f'internal_ff dim={self.internal ff dim}, dropout={self.internal_dropout}, "

f'lambda_init={self.lambda param.item()}")

def forward(self, hidden_states, attention _mask=None, **kwargs):

hidden_states: (batch_size, seq_len, input_dim)
batch_size, seq len, =hidden states.shape

device = hidden_states.device

# = Y ARDIRMO GG (LAeiiE)
if seq len <2:
output_features = (
self.final integration projection(hidden_states)
if self.final integration projection

else hidden_states

return {



"last_hidden_state": output_features,

"non_commutative_effects_map": None

# JE AT AR

non_commutative effects at each_step = torch.zeros_like(hidden_states)

for i in range(seq_len - 1):
h_i=hidden_states|[:, i, :]

h_next = hidden_states[:, i+ 1, :]

forward concat = torch.cat((h_i, h_next), dim=-1)

backward concat = torch.cat((h_next, h i), dim=-1)

forward_processed = self.non_commutative processor(forward concat)

backward processed = self.non_commutative processor(backward concat)

BANCAT =Y v

non_comm_effect = self.lambda param * (forward processed - backward processed)

#l - — 27 BT
non_commutative effects at each stepl[:, i, :] = 0.5 * non_comm_effect

non_commutative effects at each step[:, i+ 1,:]-=0.5 * non_comm_effect

fused hidden_states = hidden_states + non_commutative effects at each step

output features = (
self.final integration projection(fused hidden_states)
if self.final integration projection

else fused hidden_states



# tH71: last_hidden_state & JEF[Hash < v 7

return {
"last _hidden_state": output features,

"non_commutative effects map": non_commutative effects at each_step.detach()

def get output_dim(self):

return self.output _dim

print("--- Cell 6: DirectNonCommutativeModule (Optimized) defined. ---")

# --- Cell 7: DiscontinuityEmergenceModule class (Optimized for Current Experiment Code) ---
import torch

import torch.nn as nn

class DiscontinuityEmergenceModule(nn.Module):
def init (self, input_dim, output dim=None, model config=None, module_specific_config=None):
super(). _init_ ()
self.input_dim = input_dim

cfg = module_specific_config if module_specific_config is not None else {}

self.semantic_dim_for discontinuity = cfg.get("semantic_dim_for discontinuity", 12)
self.emergent label dim = cfg.get("emergent label dim", 24)

internal_dropout = cfg.get("dropout", 0.2)

# I ZousE (AJI+HAIFE 7 ~OLRTG or H77E)
potential intermediate_dim = self.input_dim + self.emergent label dim

self.output_dim = cfg.get("output_dim") or output_dim or potential intermediate dim



# Wikt L o 72 & O 2R HY

self.feature to semantic = nn.Sequential(
nn.Linear(self.input_dim, self.input dim // 2),
nn.ReLU(),
nn.Linear(self.input_dim // 2, self.semantic_dim_for discontinuity),

nn.Tanh()

# Wikt 2 a 7R g

self.discontinuity detector = nn.Sequential(
nn.Linear(self.semantic_dim_for discontinuity * 2, 64),
nn.ReLU(),
nn.Dropout(internal _dropout),
nn.Linear(64, 1),

nn.Sigmoid()

# BlIFE 7 VA K

self.emergent_label generator = nn.Sequential(
nn.Linear(self.semantic_dim_for discontinuity * 2, self.input _dim // 4),
nn.LayerNorm(self.input_dim // 4),
nn.ReLU(),
nn.Dropout(internal _dropout),
nn.Linear(self.input_dim // 4, self.emergent label dim),

nn.Tanh()

# Xt fprojection (MAEIZIH L C)

if potential intermediate _dim != self.output _dim:

self.integration_projection = nn.Linear(potential intermediate dim, self.output dim)



elif self.input dim != self.output dim:

self.fallback projection = nn.Linear(self.input_dim, self.output dim)

print(f"[DiscontinuityEmergenceModule] Initialized "
f'(input_dim={self.input_dim}, output dim={self.output dim}, "

f'semantic_dim={self.semantic_dim_for discontinuity}, emergent dim={self.emergent label dim})")

def forward(self, hidden_states, attention_mask=None, **kwargs):
batch size, seq len, = hidden_states.shape

device = hidden_states.device

semantic_features = self.feature to semantic(hidden_states)

disc_scores_seq = torch.zeros(batch_size, max(seq_len - 1, 1), 1, device=device)

emergent_labels seq = torch.zeros(batch_size, max(seq_len - 1, 1), self.emergent label dim, device=device)

if seq len> 1:
sfd_t =semantic features[:, :-1, :]
sfd_tpl = semantic_features[:, 1:, :]

combined = torch.cat((sfd_t, sfd tp1), dim=-1)

disc_scores_seq = self.discontinuity detector(combined)

emergent labels seq = self.emergent label generator(combined)

#pooled emergent label: attention_mask?% & CF-¥J (or mean)

if emergent labels_seq.shape[1] > 0:
if attention_mask is not None and attention _mask.shape[1] > 1:
mask = attention_mask[:, 1:].unsqueeze(-1)
pooled label = (emergent labels seq * mask).sum(dim=1) / torch.clamp(mask.sum(dim=1), min=1)
else:

pooled label = emergent labels seq.mean(dim=1)



expanded_label = pooled_label.unsqueeze(1).expand(-1, seq_len, -1)
output features = torch.cat((hidden_states, expanded_label), dim=-1)
else:
if self.output_dim == self.input_dim + self.emergent label dim:
zero_label = torch.zeros(batch_size, seq_len, self.emergent label dim, device=device)
output features = torch.cat((hidden_states, zero_label), dim=-1)
else:

output features = hidden_states

if hasattr(self, 'integration_projection'):

final output = self.integration_projection(output_features)
elif hasattr(self, 'fallback projection'):

final output = self.fallback projection(output features)
else:

final output = output features

return {
"last_hidden_state": final output,
"discontinuity scores": disc_scores_seq.squeeze(-1).detach(),

"emergent_labels generated": emergent labels seq.detach()

def get output dim(self):

return self.output_dim

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

# --- Cell 8: InterpretableHolographicReducer class (Optimized) ---

import torch



import torch.nn as nn

import torch.nn.functional as F

class InterpretableHolographicReducer(nn.Module):

nmn

InterpretableHolographicReducer

REY 2 —Vid, AJIRHEED o MRATRE 22 2 > & 77 b & L IR BRI Z 1700

SR BERR T RE 72 % TOURF AR B 2 R 5 720 DE Y 2 — LT,

def init (self, input feature dim, output dim=None, model config=None, module specific_config=None):

Args:

input_feature dim (int): A JJRFECER D RITEL

output_dim (int, optional): A& HI JIRKIG, None?D ;{5 1% num_key concepts * reduced dim_per concept %

fiti 1]
model_config (dict, optional): &€ 7V OFEREE CREEH. AHPEMH)
module_specific_config (dict, optional): & D€ ¥ 2 —)VIHH D E T
super(). init_ ()

self.input_feature dim = input_feature dim

cfg = module specific_config if module specific config is not None else {}

self.num_key concepts = cfg.get("num_key concepts", 16)

%
i

self.reduced dim per concept = cfg.get("reduced dim per concept”, 32) # 0601PDF T3

gave7r7aby4 7 CEETRSI X —5)
self.key concept prototypes = nn.Parameter(

torch.empty(self.num_key concepts, self.input feature dim)



)

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

# AN EEZ Ky T P RY FVICEE

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

self.activation_after projection = nn.Tanh()

# IR IuD e

default output dim = self.num_key concepts * self.reduced dim_ per concept

self.output dim = output dim if output_dim is not None else default output dim

print(f"'InterpretableHolographicReducer initialized: "
f"input_dim={self.input feature dim}, "
f'num_key concepts={self.num_key concepts}, "
f'reduced dim_per concept={self.reduced dim_ per concept}, "

f'output_dim={self.output_dim}")

def forward(self, hidden_states _sequence, attention_mask=None, **kwargs):
Args:
hidden states sequence (Tensor): (batch_size, seq len, input_feature dim)
attention_mask (Tensor, optional): (batch_size, seq_len)
Returns:
dict: {
"last hidden_state": (batch_size, output dim),

"concept_attention_map": (batch_size, num_key concepts, seq len) or None



nmnn

batch size, seq len, =hidden states sequence.shape
reduced concept vectors =[]

all attention weights =[]

for 1 in range(self.num_key concepts):

concept_proto = self.key concept prototypes[i] # (input_feature dim)

#4 b= vEle7a by A4 TOEMYER a7

scores = torch.matmul(hidden_states sequence, concept _proto.unsqueeze(-1)).squeeze(-1)

if attention_mask is not None:

scores = scores.masked _fill(attention mask == 0, -1e9)

attn_weights = F.softmax(scores, dim=1)

all attention_weights.append(attn weights.unsqueeze(1)) # (batch_size, 1, seq_len)

# AN CUIREHD)

context vector = torch.sum(

hidden_states sequence * attn weights.unsqueeze(-1), dim=1

# 55+ AL
reduced vector = self.activation_after projection(

self.reduction_projector(context vector)



reduced concept vectors.append(reduced vector) # (batch_size,
reduced dim_per concept)

# a7 b E DR bV % EE

final representation = torch.cat(reduced concept vectors, dim=1) # (batch_size, output dim)

concept_attention _map = torch.cat(all attention weights, dim=1) if all attention weights else
None

return {
"last_hidden_state": final representation,

"concept_attention _map": concept_attention _map.detach() if concept attention map is not
None else None

}

def get_output dim(self):

nmnn

Returns:
int: ©Y 2 — L O HRITE

return self.output dim

print("--- Cell 8: InterpretableHolographicReducer class defined. ---")

# --- Cell 7: Module Registry Cell (Full Extended Version) ---



# IMDb

experiments to_run = [

{

"Experiment Name": "EO0_Baseline IMDb",

"Task Type": "classification imdb",

"Enabled Modules": [],

"Experiment Name": "E1_SemAtt IMDb",

"Task Type": "classification imdb",

"Enabled Modules": ["semantic_attention"],

"Experiment Name": "E2_ SemConcept IMDb",

"Task Type": "classification imdb",

"Enabled Modules": ["semantic_concept"],

"Experiment Name": "E3 NonComm_IMDb",

"Task Type": "classification imdb",

"Enabled Modules": ["direct non _commutative"],

"Experiment Name": "E4 DiscEmergence IMDb",

"Task Type": "classification imdb",

"Enabled Modules": ["discontinuity emergence"],



"Experiment Name": "E5_HoloReducer IMDb",

"Task Type": "classification imdb",

"Enabled Modules": ["interpretable holographic_reducer"],

"Experiment Name": "E6_AllModules IMDb",
"Task Type": "classification imdb",
"Enabled Modules": [
"semantic_attention",
"semantic_concept",
"direct non_commutative",
"discontinuity emergence",
"interpretable holographic reducer"
1,

"Notes'": "All modules combined for IMDb"

I3

# SNLI
experiments_to_run += [

{

"Experiment Name": "EQ_Baseline NLI",

"Task Type": "nli",

"Enabled Modules": [],

s
{



"Experiment Name": "E1_SemAtt NLI",

"Task Type": "nli",

"Enabled Modules": ["semantic_attention"],

"Experiment Name": "E2_ SemConcept NLI",
"Task Type": "nli",

"Enabled Modules": ["semantic_concept"],

"Experiment Name": "E3 NonComm_NLI",

"Task Type": "nli",

"Enabled Modules": ["direct non _commutative"],

"Experiment Name": "E4 DiscEmergence NLI",
"Task Type": "nli",

"Enabled Modules": ["discontinuity emergence"],

"Experiment Name": "E5 HoloReducer NLI",

"Task Type": "nli",

"Enabled Modules": ["interpretable holographic_reducer"],

"Experiment Name": "E6_AllModules NLI",

"Task Type": "nli",



"Enabled Modules": [
"semantic_attention",
"semantic_concept",
"direct non commutative",
"discontinuity emergence",

"interpretable holographic reducer"

1,

"Notes": "All modules combined for SNLI"

print("--- Cell 7: Module Registry Cell (Full Extended Version) defined. ---")

#-—- PEXHELL OMDb/SNLI AR FEXFHEMK) -

# IMDb X &
CFG.IMDB_TRAIN_SAMPLES =10 # IMDb®D 4 > 7 V4K
CFGIMDB_EVAL SAMPLES =2  # IMDb® i+ >~ 7 V4K

CFG.IMDB_EPOCHS = 1 #IMDbD K v 7 #L

# SNLIFXE
CFG.SNLI_TRAIN _SAMPLES = 10 # SNLIDFI#Y > 7 V%

CFG.SNLI_EVAL SAMPLES =2  # SNLIDFifli4 > 7V %



CFG.SNLI_EPOCHS = 1 #SNLID TR v 7

print("--- IMDb / SNLI ] -3 Z #H 1 )L ready. ---")

# --- Cell 7b: Experiment Runner (Optimized Final Version) ---
import torch
import torch.nn.functional as F

from tqdm.auto import tqdm

def train_one epoch(model, dataloader, optimizer, scheduler=None):

12Xy 7 DHE 217 ) B
Args:
model: PipelineModel
dataloader: DatalL.oader
optimizer: torch.optim

scheduler: S EHFEAr ¥ 2 —7— ((TE)

Returns:

tuple: CFHHR%K, T4 A7

5

%)

nmnn

model.train()



total loss, total correct, total samples = 0.0, 0, 0

for batch in dataloader:
input_ids = batch["input_ids"].to(CFG.DEVICE)
attention_mask = batch["attention_mask"].to(CFG.DEVICE)

labels = batch["labels"].to(CFG.DEVICE)

optimizer.zero_grad()
outputs = model(input _ids, attention_mask)
logits = outputs["logits"]

loss = F.cross_entropy(logits, labels)

loss.backward()
optimizer.step()
if scheduler is not None:

scheduler.step()

total loss += loss.item() * labels.size(0)
total correct += (logits.argmax(dim=1) == labels).sum().item()

total samples += labels.size(0)

avg loss = total loss / total samples if total samples > 0 else float('inf")
avg_acc = total_correct / total samples if total samples > 0 else 0.0

return avg_loss, avg_acc

def evaluate one epoch(model, dataloader):

nmnn



1=K v 7 Ol 2 79 BIEL,

Args:
model: PipelineModel
dataloader: Datal.oader

Returns:

tuple: CFERR, P2 IEfiER)

%

nmnn

model.eval()

total loss, total correct, total samples = 0.0, 0, 0

with torch.no_grad():
for batch in dataloader:
input_ids = batch["input_ids"].to(CFG.DEVICE)
attention_mask = batch["attention_mask"].to(CFG.DEVICE)

labels = batch["labels"].to(CFG.DEVICE)

outputs = model(input_ids, attention mask)
logits = outputs["logits"]

loss = F.cross_entropy(logits, labels)

total loss += loss.item() * labels.size(0)
total correct += (logits.argmax(dim=1) == labels).sum().item()

total samples += labels.size(0)

avg loss = total loss / total samples if total samples > 0 else float('inf")
avg_acc = total correct / total samples if total samples > 0 else 0.0

return avg_loss, avg_acc



defrun_experiment(exp config, train_loader, eval loader, num_labels):

FEEREEE 12 FD E PipelineModel 2 55 L . 248 & il %2 17 9 BIEL

Args:

exp_config (dict): TR E
train_loader (DataLoader): Fll##7 — %
eval loader (DataLoader): 3Fii 7— %

num_labels (int): 7750 7 ~X)VEL

nmnn

experiment name = exp_config.get('Experiment Name', '"Unnamed Experiment')

print(f" Running Experiment: {experiment name}

try:
# & T IVREGE
model config = {
"base_model name": CFG.BASE MODEL NAME,
"num_labels": num_labels,

"enabled modules": exp_ config.get("Enabled Modules", [])

}

model = PipelineModel(model config)

model.to(CFG.DEVICE)

BATTARAYT ERT Y 12— T

optimizer = torch.optim.AdamW (model.parameters(), [=CFG.LEARNING RATE)



total steps = len(train_loader) * CFG.EPOCHS

scheduler = torch.optim.Ir_scheduler.StepLL.R (optimizer, step _size=1, gamma=0.9)

print(f"Enabled Modules: {exp config.get('Enabled Modules', [])}")

for epoch in range(CFG.EPOCHS):
print(f"--- Epoch {epoch+1}/{CFG.EPOCHS} ---")
train_loss, train_acc = train_one epoch(model, train_loader, optimizer, scheduler)
print(f"Train Loss: {train_loss:.4f}, Train Accuracy: {train_acc:.4f}")
eval loss, eval acc = evaluate one epoch(model, eval loader)

print(f"Eval Loss: {eval loss:.4f}, Eval Accuracy: {eval acc:.4f}")

print(f‘ Finished: {experiment name} | Accuracy: {eval acc:.4f}")

except Exception as e:

print(f" /8, Error in {experiment name}: {str(e)}")

print("--- Cell 7b: Experiment Runner (Optimized Final Version) defined. ---")

# --- Cell 7c: Experiment Execution Cell (Full Optimized Version) ---
import torch
import pandas as pd

import time



from transformers import AutoTokenizer
from tqgdm.auto import tqdm

import matplotlib.pyplot as plt

import seaborn as sns

import os

print("--- Cell 7¢: Experiment Execution Cell (Full Optimized Version) ---")

results_summary = []

for exp_config in experiments_to run:

print(f"\n: Running Experiment: {exp config['Experiment Name']}

start time = time.time()
try:
tokenizer = AutoTokenizer.from pretrained(CFG.BASE MODEL NAME)
train_loader, eval loader, =load and prepare dataset(
exp_config["Task Type"],
tokenizer,
CFG.TRAIN_SAMPLES,
CFG.EVAL SAMPLES,

CFG.MAX TOKEN LENGTH

# % A7 Z & Dnum labelsi% &

if exp_config["Task Type"] == "classification imdb":

num_labels =2



elif exp_config["Task Type"]=="nli":
num_labels =3
else:

raise ValueError(f'Unsupported task type: {exp config['Task Type'l}")

print(f'Task: {exp config['Task Type']}, Num Labels: {num labels}")

model config = {
"base_model name": CFG.BASE MODEL NAME,
"num_labels": num_labels,
"enabled modules": exp_config["Enabled Modules"]
b
model = PipelineModel(model config)
model.to(CFG.DEVICE)

print(f"Enabled Modules: {exp config['Enabled Modules']}")

optimizer = torch.optim.AdamW (model.parameters(), =CFG.LEARNING_ RATE)

scheduler = torch.optim.Ir_scheduler.StepLL.R (optimizer, step size=1, gamma=0.9)

best_eval accuracy = 0.0
best_eval loss = float("inf")

history = []

for epoch in range(CFG.EPOCHS):
print(f"--- Epoch {epoch+1}/{CFG.EPOCHS} ---")
train_loss, train_accuracy = train_one_epoch(model, train_loader, optimizer, scheduler)

eval loss, eval accuracy = evaluate one epoch(model, eval loader)



print(f"Train Loss: {train_loss:.4f}, Train Accuracy: {train_accuracy:.4f}")

print(f"Eval Loss: {eval loss:.4f}, Eval Accuracy: {eval accuracy:.4f}")

history.append({
"epoch": epoch+1,
"train_loss": train_loss,
"train_accuracy": train_accuracy,
"eval loss": eval loss,

"eval accuracy": eval accuracy

P

if eval _accuracy > best_eval accuracy:
best_eval accuracy = eval accuracy

best_eval loss = eval loss

runtime = time.time() - start_time

# it AL B

result_entry = {
"Experiment Name": exp_config["Experiment Name"],
"Task Type": exp_config["Task Type"],

"Enabled Modules": " -> " join(exp_config["Enabled Modules"]) if
exp_config["Enabled Modules"] else "Baseline",

"Accuracy": best _eval accuracy,
"Loss": best_eval_loss,
"Runtime_s": runtime,

"Epochs": CFG.EPOCHS,



"Notes": exp_config.get("Notes", "")

}

results_summary.append(result entry)

# K91 2 & 12 ISON/CSVIRFE

result df = pd.DataFrame(history)

result_dfito _csv(f"{DRIVE RESULTS PATH}/{exp config['Experiment Name']}
_history.csv", index=False)

print(f" jgl Epoch-wise results saved: {exp_config['Experiment Name']} history.csv")

# €T IVIRE

model save path = os.path.join(DRIVE RESULTS PATH,
f"{exp config['Experiment Name']}.pt")

torch.save(model.state dict(), model save path)

print(f‘ Model saved: {model save path}")

# 77 7 il

plt.figure(figsize=(10,5))

sns.lineplot(x="epoch", y="train_loss", data=result_df, label="Train Loss")
sns.lineplot(x="epoch", y="eval loss", data=result_df, label="Eval Loss")
plt.xlabel("Epoch")

plt.ylabel("Loss")

plt.title(f'Loss Curve - {exp config['Experiment Name']}")

plt.legend()

plt.grid()

plt.savefig(f'{DRIVE RESULTS PATH}/{exp config['Experiment Name']}
_loss_curve.png")



plt.close()

print(f" ~ Loss curve saved: {exp_config['Experiment Name']} loss curve.png")

print(f‘ Finished: {exp config['Experiment Name']} | Accuracy:
{best eval accuracy:.4f}")

except Exception as e:
print(f" /1, Error in {exp config['Experiment Name']}: {str(e)}")
results summary.append({
"Experiment Name": exp_config["Experiment Name"],
"Task Type": exp_config["Task Type"],

"Enabled Modules": " -> " join(exp_config["Enabled Modules"]) if
exp_config["Enabled Modules"] else "Baseline",

"Accuracy": 0.0,
"Loss": float("inf"),
"Runtime_s": 0.0,
"Epochs": 0,
"Notes": str(e)

})

print("\n: All Experiments Finished
H)

results df = pd.DataFrame(results_summary)

print(results_df)

# R 2 R

results_df.to_csv(f"{DRIVE RESULTS PATH}/All Experiments Summary.csv", index=False)



print(f" jg] All experiments summary saved: All_Experiments_Summary.csv")

print("--- Cell 7c: Experiment Execution Cell completed. ---")

All Experiments Finished
Experiment_ Name Task_Type \

0 EO_Baseline IMDb classification_imdb
1 El_SemAtt IMDb classification imdb
2 E2_SemConcept_ IMDb classification_imdb
3 E3_NonComm IMDb classification_imdb
4 E4 DiscEmergence_IMDb classification imdb
5 E5_HoloReducer_ IMDb classification_imdb
6 E6_AllModules IMDb classification_ imdb
7 EO_Baseline NLI nli
8 El_SemAtt NLI nli
9 E2_SemConcept NLI nli
10 E3_NonComm NLI nli
11 E4_DiscEmergence NLI nli
12 E5_HoloReducer NLI nli
13 E6_AllModules NLI nli
Enabled_Modules  Accuracy Loss \

0 Baseline 1.0 0.607810
1 semantic_attention 1.0 0.554355
2 semantic_concept 1.0 0.543510
3 direct_non_commutative 1.0 0.528757
4 discontinuity_ emergence 1.0 0.569457
5 interpretable holographic_reducer 1.0 0.616448
6 semantic_attention -> semantic_concept -> dire... 1.0 0.618114
7 Baseline 0.5 1.024735
8 semantic_attention 0.0 inf
9 semantic_concept 0.0 inf
10 direct_non_commutative 0.0 inf
11 discontinuity emergence 0.5 1.264633
12 interpretable holographic_reducer 0.5 1.229634
13 semantic_attention -> semantic_concept -> dire... 0.0 inf

Runtime_s Epochs Notes
0 91.277991 2
1 64.909181 2
2 67.855858 2
3 87.697619 2
4 65.424101 2
5 70.430796 2
6 86.533756 2 All modules combined for IMDb
7 73.967284 2
8 61.659886 2
9 64.279872 2
10 86.245047 2
11 61.810435 2
12 63.143671 2

13 86.778539 All modules combined for SNLI
nl 211 experiments summary saved: All Experiments_Summary.csv

N

-—- Cell 7c: Experiment Execution Cell completed. ---

# - Cell Tchiliget v : & T IVARLERERE D SEIIN ---



import torch

import pandas as pd

import matplotlib.pyplot as plt

import seaborn as sns

import time

print("--- Cell 7cfli5E £ V: € TIOVERFFRERE DB IR ---)

# WEAF Dresults summaryZ 5| EfEC 720, HERITAETT

for idx, result in enumerate(results_summary):

exp_name = result['Experiment Name']

model save path ={"{DRIVE RESULTS PATH}/{exp name}.pt"

try:

# FEITHE TIVIRIT

torch.save(model.state dict(), model save path)

print(f‘ Model saved: {model save path}")

except Exception as e:

print(f" /1. Error saving model {exp name}: {e}")

print("--- Cell 7cf#fi5E+ )L completed. ---")

cell 7cHFEtIL: ETIRFEHEEDEMMR ---

Model
Model
Model
Model
Model
Model
Model
Model
Model
Model
Model

ST

saved:
saved:
saved:
saved:
saved:
saved:
saved:
saved:
saved:
saved:

saved:

./local_ssg_ablation results/E0_Baseline IMDb.pt
./local_ssg_ablation results/El_SemAtt IMDb.pt
./local_ssg_ablation_results/E2_SemConcept_IMDb.pt
./local_ssg_ablation_results/E3_NonComm_ IMDb.pt
./local_ssg_ablation_results/E4_DiscEmergence_ IMDb.pt
./local_ssg_ablation_results/E5_HoloReducer_ IMDb.pt
./local_ssg_ablation results/E6_AllModules_ IMDb.pt
./local_ssg_ablation results/E0_Baseline NLI.pt
./local_ssg_ablation_results/El_SemAtt NLI.pt
./local_ssg_ablation_results/E2_SemConcept_ NLI.pt
./local_ssg_ablation_results/E3_NonComm NLI.pt



Model saved: ./local_ssg_ablation_results/E4_DiscEmergence NLI.pt
Model saved: ./local_ssg ablation_results/E5_HoloReducer_ NLI.pt

Model saved: ./local_ssg ablation_results/E6_AllModules NLI.pt
——- Cell 7cf@ZEE/l completed. ---

#--- Cell 8: #fiifi L (2EY 2 —)LXIG « num_labelsFIHIHR) -

import o0s
import torch

from sklearn.metrics import classification_report

def run_inference(model, dataloader):
model.eval()
all predictions =[]
all labels =[]
with torch.no_grad():
for batch in dataloader:
input_ids = batch['input_ids'].to(CFG.DEVICE)
attention_mask = batch['attention_mask'].to(CFG.DEVICE)

labels = batch|['labels'].to(CFG.DEVICE)

outputs = model(input_ids, attention mask)
logits = outputs|['logits']

predictions = torch.argmax(logits, dim=1)

all_predictions.extend(predictions.cpu().numpy())
all_labels.extend(labels.cpu().numpy())

return all_predictions, all_labels

# - HEimEST (IMDb/SNLI) ---

print("=== Evaluation Results (All Modules) ===\n")



# IMDb
print("===IMDb Results ==="
for exp_config in experiments_to run:
if exp_config['Task Type']| == 'classification_imdb":
exp_name = exp_config['Experiment Name']
try:
model path = os.path.join(DRIVE_RESULTS PATH, f"{exp name}.pt")

state _dict = torch.load(model path, map location=CFG.DEVICE)

# classifier.weight.shape[0] 2> & num _labels % i

saved num_labels = state_dict['classifier.weight'].shape[0]

model config = {
"base_model name": CFG.BASE MODEL NAME,

"num_labels": saved num labels, # fRIFET IV EBDE 5

"enabled modules": exp_config["Enabled Modules"]

}

model = PipelineModel(model config)
model.load state dict(state dict, strict=False)

model.to(CFG.DEVICE)

print(f ' [{exp_name}] Model loaded successfully.")

predictions, labels = run_inference(model, test imdb_loader)

accuracy = sum([p ==1for p, 1 in zip(predictions, labels)]) / len(labels)
print(f ' [{exp_name}] Accuracy: {accuracy:.4f}")
print("Classification Report:")
print(classification_report(labels, predictions, digits=4))

except Exception as e:
print(f" /1. [{exp _name}] Error: {e}")

print("-" * 80)



# SNLI
print("=== SNLI Results ===")
for exp_config in experiments to run:
if exp_config['Task Type']l == 'nli":
exp_name = exp_config['Experiment Name']
try:
model path = os.path.join(DRIVE RESULTS PATH, f"{exp name}.pt")

state dict = torch.load(model path, map location=CFG.DEVICE)

saved num_labels = state_dict['classifier.weight'].shape[0]

model config = {
"base model name": CFG.BASE MODEL NAME,

"num_labels": saved num _labels, # fRIFEETIL EADE S

"enabled modules": exp config["Enabled Modules"]

}

model = PipelineModel(model config)
model.load state dict(state dict, strict=False)

model.to(CFG.DEVICE)

print(f" [{exp_name}] Model loaded successfully.")

predictions, labels = run_inference(model, test_snli_loader)

accuracy = sum([p == 1 for p, 1 in zip(predictions, labels)]) / len(labels)
print(f" [{exp_name}] Accuracy: {accuracy:.4f}")
print("Classification Report:")
print(classification_report(labels, predictions, digits=4))

except Exception as e:
print(f" /1. [{exp_name}] Error: {e}")

print("-" * 80)



print("=== All Evaluation Results Completed ===")

Evaluation Results (All Modules) ===

=== IMDb Results ===

[EO_Baseline IMDb] Model loaded successfully.
[EO_Baseline IMDb] Accuracy: 0.1200
Classification Report:

precision recall fl-score support

0 1.0000 0.1200 0.2143 50

1 0.0000 0.0000 0.0000 0

2 0.0000 0.0000 0.0000 0

accuracy 0.1200 50
macro avg 0.3333 0.0400 0.0714 50
weighted avg 1.0000 0.1200 0.2143 50

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

SemanticAttentionModule initialized: input dim=768, attention dim=64
[E1l_SemAtt IMDb] Model loaded successfully.

[E1l_SemAtt IMDb] Accuracy: 1.0000
Classification Report:

precision recall fl-score support

0 1.0000 1.0000 1.0000 50

accuracy 1.0000 50
macro avg 1.0000 1.0000 1.0000 50
weighted avg 1.0000 1.0000 1.0000 50

SemanticConceptModule initialized: input dim=768, num concepts=32, concept dim=128
[E2_SemConcept IMDb] Model loaded successfully.

[E2_SemConcept_ IMDb] Accuracy: 0.1000

Classification Report:

precision recall fl-score support

0 1.0000 0.1000 0.1818 50

1 0.0000 0.0000 0.0000 0

2 0.0000 0.0000 0.0000 0

accuracy 0.1000 50
macro avg 0.3333 0.0333 0.0606 50
weighted avg 1.0000 0.1000 0.1818 50

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero division™ parameter to control this behavior.



_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero _division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
DirectNonCommutativeModule initialized: input_dim=768, output_dim=768, internal ff dim=1536,
dropout=0.2, lambda_ init=0.5
[E3_NonComm IMDb] Model loaded successfully.

[E3_NonComm_ IMDb] Accuracy: 0.1200
Classification Report:

precision recall fl-score support

0 1.0000 0.1200 0.2143 50

1 0.0000 0.0000 0.0000 0

2 0.0000 0.0000 0.0000 0

accuracy 0.1200 50
macro avg 0.3333 0.0400 0.0714 50
weighted avg 1.0000 0.1200 0.2143 50

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero _division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

[E4_DiscEmergence IMDb] Model loaded successfully.

[E4_DiscEmergence IMDb] Accuracy: 0.1200
Classification Report:

precision recall fl-score support

0 1.0000 0.1200 0.2143 50

1 0.0000 0.0000 0.0000 0

2 0.0000 0.0000 0.0000 0

accuracy 0.1200 50
macro avg 0.3333 0.0400 0.0714 50
weighted avg 1.0000 0.1200 0.2143 50

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use ~“zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero_division®™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

[E5_HoloReducer IMDb] Model loaded successfully.

[E5_HoloReducer IMDb] Accuracy: 0.1200
Classification Report:

precision recall fl-score support

0 1.0000 0.1200 0.2143 50

1 0.0000 0.0000 0.0000 0

2 0.0000 0.0000 0.0000 0
accuracy 0.1200 50
macro avg 0.3333 0.0400 0.0714 50

weighted avg 1.0000 0.1200 0.2143 50



/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use ~“zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero_division®™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Recall is ill-defined and being set to 0.0 in labels with no true samples.
Use “zero _division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

SemanticAttentionModule initialized: input dim=768, attention dim=64

SemanticConceptModule initialized: input dim=768, num concepts=32, concept dim=128
DirectNonCommutativeModule initialized: input dim=768, output_dim=768, internal ff dim=1536,
dropout=0.2, lambda init=0.5

[E6_AllModules_IMDb] Model loaded successfully.

[E6_AllModules_ IMDb] Accuracy: 1.0000
Classification Report:

precision recall fl-score support

0 1.0000 1.0000 1.0000 50

accuracy 1.0000 50
macro avg 1.0000 1.0000 1.0000 50
weighted avg 1.0000 1.0000 1.0000 50

=== SNLI Results ===
[EO_Baseline NLI] Model loaded successfully.

[EO_Baseline NLI] Accuracy: 0.3000
Classification Report:

precision recall fl-score support

0 0.0000 0.0000 0.0000 4

1 0.2500 0.6667 0.3636 3

2 1.0000 0.3333 0.5000 3

accuracy 0.3000 10
macro avg 0.4167 0.3333 0.2879 10
weighted avg 0.3750 0.3000 0.2591 10

SemanticAttentionModule initialized: input dim=768, attention dim=64
[E1l_SemAtt NLI] Model loaded successfully.

[El_SemAtt NLI] Accuracy: 0.4000

Classification Report:

precision recall fl-score support

0 0.4000 1.0000 0.5714 4

1 0.0000 0.0000 0.0000 3

2 0.0000 0.0000 0.0000 3

accuracy 0.4000 10
macro avg 0.1333 0.3333 0.1905 10
weighted avg 0.1600 0.4000 0.2286 10

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero_division™ parameter to control this behavior.



_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
SemanticConceptModule initialized: input dim=768, num concepts=32, concept dim=128
[E2_SemConcept NLI] Model loaded successfully.

[E2_SemConcept_ NLI] Accuracy: 0.4000
Classification Report:

precision recall fl-score support

0 0.0000 0.0000 0.0000 4

1 0.3333 1.0000 0.5000 3

2 1.0000 0.3333 0.5000 3

accuracy 0.4000 10
macro avg 0.4444 0.4444 0.3333 10
weighted avg 0.4000 0.4000 0.3000 10

/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
DirectNonCommutativeModule initialized: input dim=768, output_dim=768, internal ff dim=1536,
dropout=0.2, lambda init=0.5
[E3_NonComm NLI] Model loaded successfully.

[E3_NonComm NLI] Accuracy: 0.3000
Classification Report:

precision recall fl-score support

0 0.0000 0.0000 0.0000 4

1 0.2500 0.6667 0.3636 3

2 1.0000 0.3333 0.5000 3

accuracy 0.3000 10
macro avg 0.4167 0.3333 0.2879 10
weighted avg 0.3750 0.3000 0.2591 10

[E4_DiscEmergence NLI] Model loaded successfully.

[E4_DiscEmergence NLI] Accuracy: 0.3000
Classification Report:

precision recall fl-score support

0 0.0000 0.0000 0.0000 4

1 0.2500 0.6667 0.3636 3

2 1.0000 0.3333 0.5000 3

accuracy 0.3000 10
macro avg 0.4167 0.3333 0.2879 10
weighted avg 0.3750 0.3000 0.2591 10

[E5_HoloReducer NLI] Model loaded successfully.

[E5_HoloReducer NLI] Accuracy: 0.3000
Classification Report:

precision recall fl-score support

0 0.0000 0.0000 0.0000 4

1 0.2500 0.6667 0.3636 3

2 1.0000 0.3333 0.5000 3
accuracy 0.3000 10
macro avg 0.4167 0.3333 0.2879 10

weighted avg 0.3750 0.3000 0.2591 10



SemanticAttentionModule initialized: input_dim=768, attention_dim=64

SemanticConceptModule initialized: input_dim=768, num_concepts=32, concept_ dim=128
DirectNonCommutativeModule initialized: input dim=768, output_dim=768, internal ff dim=1536,
dropout=0.2, lambda init=0.5

[E6_AllModules_NLI] Model loaded successfully.

[E6_AllModules NLI] Accuracy: 0.4000

Classification Report:

precision recall fl-score support

0 0.4000 1.0000 0.5714 4

1 0.0000 0.0000 0.0000 3

2 0.0000 0.0000 0.0000 3

accuracy 0.4000 10
macro avg 0.1333 0.3333 0.1905 10
weighted avg 0.1600 0.4000 0.2286 10

=== All Evaluation Results Completed ===
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/ classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))
/usr/local/lib/python3.11/dist-packages/sklearn/metrics/_classification.py:1565:
UndefinedMetricWarning: Precision is ill-defined and being set to 0.0 in labels with no predicted
samples. Use ~zero_division™ parameter to control this behavior.

_warn_prf(average, modifier, f"{metric.capitalize()} is", len(result))

# --- Cell X: AFEBREHERE R )V ---
CFG.IMDB_TRAIN_SAMPLES =20 # IMDbgll#fi4 > 7L (#£%ZE: 20,000)
CFG.IMDB_EVAL SAMPLES =50 #IMDb7 A k4> 7L (#%E: 5,000)

CFG.IMDB_EPOCHS =3 #IMDbD TR v 7 8 (HE3E: 3)

CFG.SNLI TRAIN SAMPLES =50 # SNLIFII#¥ > 7V (#£3E: 50,000)
CFG.SNLI EVAL SAMPLES =10 #SNLI7 A k¥ > 7L (H#E%E: 10,000)

CFG.SNLI_EPOCHS =3 #SNLID TR v 75 (#EXE: 3)

print("--- AFEFBLTEEE £ )V ready. ---")



# --- Cell 10: IMDb Test Datal.oader for Production ---
from transformers import AutoTokenizer
from datasets import load_dataset

from torch.utils.data import Datal.oader

tokenizer = AutoTokenizer.from pretrained(CFG.BASE MODEL NAME)

imdb_dataset = load_dataset("imdb")

def tokenize imdb(examples):
return tokenizer(
examples["text"],
padding="max_length",
truncation=True,

max_length=CFG.MAX TOKEN LENGTH

tokenized imdb = imdb_dataset.map(tokenize imdb, batched=True)
tokenized imdb = tokenized imdb.rename column("label", "labels")

"nn

tokenized imdb.set format(type="torch", columns=["input ids", "attention_mask", "labels"])

test_imdb_dataset = tokenized imdb["test"].select(range(CFG.IMDB_EVAL SAMPLES))

test_imdb_loader = Datal.oader(test imdb_dataset, batch_size=CFG.BATCH_SIZE)

print(f'--- IMDb Test Datal.oader (Production) ready: {CFG.IMDB EVAL SAMPLES} samples ---")



# --- Cell 11: SNLI Test DataLoader for Production ---
tokenizer = AutoTokenizer.from pretrained(CFG.BASE MODEL NAME)

snli_dataset = load dataset("snli")

def tokenize snli(examples):
return tokenizer(
examples["premise"],
examples["hypothesis"],
padding="max_length",
truncation=True,

max_length=CFG.MAX_TOKEN_LENGTH

tokenized_snli = snli_dataset.map(tokenize_snli, batched=True)
tokenized snli = tokenized snli.rename column("label", "labels")

tokenized_snli.set format(type="torch", columns=["input_ids", "attention _mask", "labels"])

# 7 OL-1UBRN (RIEMD 72 0)

test snli_dataset = tokenized snli["validation"].filter(lambda x: x["labels"] !=-1)
test_snli_dataset = test_snli_dataset.select(range(CFG.SNLI_EVAL SAMPLES))

test_snli_loader = Dataloader(test snli_dataset, batch_size=CFG.BATCH_SIZE)

print(f'--- SNLI Test Datal.oader (Production) ready: {CFG.SNLI_EVAL SAMPLES} samples ---")

# --- Test Set Label Distribution Check Cell ---

from collections import Counter



print("=== Test Set Label Distribution Check ===")

# IMDb
imdb_labels = [int(label) for label in test_imdb_dataset["labels"]]
imdb_label counter = Counter(imdb_labels)

print(f"IMDb Test Set Label Distribution: {imdb label counter}")

# SNLI
snli_labels = [int(label) for label in test snli_dataset["labels"]] if 'test_snli_dataset' in globals() else []
if snli_labels:
snli_label counter = Counter(snli_labels)
print(f"SNLI Test Set Label Distribution: {snli_label counter}")
else:

print("SNLI Test Set Not Available")

print("=== End of Test Set Label Distribution Check ==="

#--- Lo WLV (GHERR) -

import matplotlib.pyplot as plt
import seaborn as sns

from sklearn.metrics import confusion_matrix, classification report, accuracy score

def visualize attention weights(attention weights, title='Attention Weights'):

attention_weights: (batch_size, seq_len, attention_dim)

nmn

if isinstance(attention_weights, torch.Tensor):



attention_weights = attention_weights.cpu().detach().numpy()

avg_attention = attention_weights. mean(axis=0) # *F¥{L L TA %

plt.figure(figsize=(10, 6))
sns.heatmap(avg_attention, cmap="viridis')
plt.title(title)

plt.xlabel("Attention Heads or Concepts')
plt.ylabel('Sequence Tokens')

plt.show()

def plot_confusion matrix(y_true, y_pred, labels):

nmn

Confusion Matrix

cm = confusion matrix(y_true, y_pred, labels=labels)

plt.figure(figsize=(6, 5))

sns.heatmap(cm, annot=True, fmt='d', cmap='Blues', xticklabels=labels, yticklabels=labels)
plt.xlabel('Predicted Label')

plt.ylabel("True Label')

plt.title('Confusion Matrix")

plt.show()

def print_classification report(y_true, y_pred, labels):

nmn

Classification Report

report = classification_report(y_true, y pred, target names=[str(label) for label in labels])

print("Classification Report:\n", report)

defrun_and visualize inference(model, dataloader, labels, visualize attention=True):

nmn

T 5L & DataLoader % i o CTHEd & AL 2 —4534T



model.eval()
all predictions =[]
all labels =[]

all attention weights =[]

with torch.no_grad():
for batch in dataloader:
input_ids = batch['input_ids'].to(CFG.DEVICE)
attention_mask = batch['attention_mask'].to(CFG.DEVICE)

labels_batch = batch['labels'].to(CFG.DEVICE)

outputs = model(input_ids, attention_mask)
logits = outputs|['logits']

predictions = torch.argmax(logits, dim=1)

all predictions.extend(predictions.cpu().numpy())

all_labels.extend(labels_batch.cpu().numpy())

# Attention Weights (&H711%)

attn_weights = outputs.get(‘attention_weights")
if attn_weights is not None:

all attention weights.append(attn_weights.cpu().detach())

# itm AL A

print("Accuracy:", accuracy score(all labels, all predictions))

print_classification report(all labels, all predictions, labels)

if visualize attention and all_attention weights:
avg_attention = torch.cat(all attention weights, dim=0)

visualize attention_weights(avg_attention, title='"Average Attention Weights')



plot confusion matrix(all labels, all predictions, labels)

print("--- Cell 9: Visualization Cell defined (all-in-one). ---")

# --- Cell 11: Inference and Result Display (IMDb + SNLI) ---

import collections

from sklearn.metrics import classification report, accuracy score

def evaluate and print(model, dataloader, task_name=""):
predictions, labels = run_inference(model, dataloader)

accuracy = accuracy_score(labels, predictions)
print(f’ [{task name}] Accuracy: {accuracy:.4f}")

print("Classification Report:")

print(classification_report(labels, predictions, zero division=0))

print("=== Evaluation Results ===")
evaluate_and_print(model, test_imdb_loader, task name="IMDb")

evaluate and print(model, test_snli_loader, task name="SNLI")












