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#X)V1 (kY b7y 7 LA —FIVTHRE)

#

S A TS5V B P UL VA =L LTI Y = REEIZT 5

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

HIREN—Ya vy TIA4 77 V%A VA=
Ipip install transformers==4.36.2 -q

Ipip install datasets -q

Ipip install peft==0.7.1 -q

Ipip install accelerate==0.25.0 -q # <--- accelerate D /X —" 3 ¥ % 0.25.0IZ[EHE (¥ 72130.26.1)

# 2T 2 72 DI12h — )L & Pl )

import os

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



#--X2: T4 T7T7VDA VR —F -

import torch
import torch.nn as nn

import torch.nn.functional as F # SemanticConceptModule “C F.softmax Z{if] 9 % 72 %

from transformers import (
AutoModelForSequenceClassification,
AutoTokenizer,
Trainer,
TrainingArguments,
AutoConfig,
PreTrainedModel,
AutoModel

)

from transformers.modeling_outputs import SequenceClassifierOutput # € 7 /L D H S 7Z A

from torch.nn import CrossEntropyLoss # 8 7%B9%£0H

from datasets import load_dataset, Dataset # % Dataset 7 7 A% A ¥ A — F

import numpy as np

from sklearn.metrics import accuracy_score # sl fa 155 15 H

import itertools # FBMR AR (410112 FHE 75 0 CHEHIZ LS ARZECT 25, SFHINIC
5 WIHEHE b)

#(D LIS HIELEHES £ 77 ) 3H UL T ZISEMLTL 23 Wv)



#import os # (X VI THEHFE AL DT, T I TIEHSHETIE R W)

# import json
# import time

# import datetime

#(b L7 7 7/l 82179 5403, matplotlibZe &b 2 2 TA Y R— 1)

# import matplotlib.pyplot as plt
# import seaborn as sns

# import pandas as pd

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

print(f" PyTorch version: {torch. version }")

try:
import transformers
print(f" Transformers version: {transformers. version_ }")
import datasets
print(f" Datasets version: {datasets. version }")
import accelerate
print(f" Accelerate version: {accelerate. version__ }")
import peft
print(f" PEFT version: {peft. version__}")

except ImportError:

print("Warning: Could not print all Hugging Face library versions. Ensure they are installed.")

#--- ROV3IAREE - AN T A= -



from transformers import AutoTokenizer, AutoConfig # M 72b D% 4 VR — bk (£ V2TA ¥
— MFAR 5 B Z kT THOK)

# - HEAR 2 BOEE -
BASE_MODEL NAME = "bert-base-uncased" # \—2Z & 7% % FHIFZEHHE AT TV D4 HT

NUM_LABELS =2 # Y A7 DT VEL (B IMDb% & R T4 T/F AT 4
7' D2)

OUTPUT DIR_BASE =" /experiment_results/" # RO M1 ER—2A 74 L7 bV

#-— IR T 2 NA 28— 8T X —%

LEARNING RATE = 2e-5 # B
BATCH_SIZE =1 #3y FH A4 X (GPUX E Y T —F I U THEE)

# CPUFELTDHAIZ/NZ DH: 150°2)12 L Ze v EJEFIE W ATREME 2 H D

EJCE
NUM_EPOCHS = 1 #A Ry 7B (B 72 ECT A B L, FMEZ T udhy
7)

#ooe F =D F AT =L ETIIREDT — 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 — D354 L 72 S LB %2 {5 |



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

# B U CTth D AutoConfigD 78 7 X — & & T 2 Ci%k & Ml
# 5 finetuning_task="text-classification' 7 &

)

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 }")



#--- k)4 T—% kv FEfiii & compute metrics BAEIDETE (1 7 L AEIERZ 2 2 TIT 9
AR ---

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

import torch

#oe 7O —2NVEB (R NVITERINTOSIETDH D) DHER ---

if ' BASE MODEL NAME' not in globals():

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

if 'tokenizer' not in globals():

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

print(f"Starting dataset preparation using BASE MODEL NAME: {BASE MODEL NAME} and
tokenizer: {type(tokenizer). name }")

#1.7—%xy tou—F
try:
dataset_dict = load dataset("imdb") # DatasetDict4 7> = 7 b £ LCTr—F

print("IMDb dataset loaded successfully.")
except Exception as e:
print(f"Error loading IMDb dataset: {e}")

raise

#2. b —7 A ABIBDERE



def tokenize function(examples):

return tokenizer(examples["text"], padding="max_length", truncation=True, max_length=256)

#3. 7= 8%y bD b =2 F4 R (@B Asplitd B ENRIZT 5 2 & b

try:
print("Tokenizing datasets...")

#'train' & 'test' splitD A% b — 27 F 4 X3 54 (unsupervised |Z i 0 72 W AHTE)
# b LhDsplitdH 9 72 5| dataset dictE{EZmapd % 2>, flBIIZ AL

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. JlIHH - FHliH T — % 2y b O & T L AEIE

try:

#'label' &1 7 I\ % 'labels' 12 % — 4

if 'label' in tokenized train.column_names and 'labels' not in tokenized_train.column_names:
print("Renaming 'label' to 'labels' in tokenized train...")
final tokenized train = tokenized train.rename column("label", "labels")

else:
final tokenized train = tokenized train
if 'labels' not in final tokenized train.column names:

print("Warning: 'labels' column expected but not found in final tokenized train.")



if 'label' in tokenized test.column names and 'labels' not in tokenized test.column names:
print("Renaming 'label' to 'labels' in tokenized test...")
final tokenized test = tokenized test.rename column("label", "labels")
else:
final tokenized test = tokenized test
if 'labels' not in final tokenized test.column names:

print("Warning: 'labels' column expected but not found in final tokenized test.")

# 70— )L E LT train_dataset & eval dataset % i %%
# (778w 7 HICHIAN L 7294 X)

train_dataset = final tokenized train.shuffle(seed=42).select(range(20))

eval dataset = final tokenized test.shuffle(seed=42).select(range(10))

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:

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. MRt BB DER (T Ny 77 v L ERD)
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": accuracy}
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}")

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')):

m

print("'compute _metrics' function is defined and callable.")
else:

print("Warning: 'compute_metrics' function is NOT defined or not callable.")



Bl NAL Y I =T =Yy ML D EHE TNy TH) -
from datasets import Dataset # Dataset” 7 A% A ¥ K — b (V2 TA ¥ K — FFAZL S AH)
import numpy as np # (2 NW2TA VR — FFAL 6 AL

# tokenizer 12 L3 CERIFTADITT

print("--- Cell 4.1: Overwriting train_dataset and eval dataset with super simple dummy data ---")

# B 70 — OV DR

if 'tokenizer' not in globals():
raise NameError("Global variable 'tokenizer' is not defined. "

"Please ensure Cell 3 (Basic/Common Settings) has been executed correctly and
defines tokenizer.")

try:

#YI—FTFAFETX)L

dummy train texts = ["this is a training sentence for debug.", "another training sentence here for
debug."]

dummy _train_labels = [0, 1]# 7 )V IZHEEL

nn

dummy eval texts = ["a test sentence for debug.", "another one here for eval debug."]

dummy_eval labels =[1, 0] # 7 ~)LIFFEEL

# FE)TH—2 FA X @7 — 2 H)

encoded train_inputs = tokenizer(dummy _train_texts, padding="max_length", truncation=True,
max_length=32, return_tensors="pt")

dummy train_data dict= {

'input_ids": encoded_train_inputs['input_ids'].tolist(),



'attention_mask': encoded_train_inputs['attention mask'].tolist(),

"abels': dummy _train_labels # Trainer!d 'labels' % H{F
§
if 'token_type ids' in encoded train_inputs: # BERT% 7% & token type ids

dummy train data dict['token type ids'] = encoded train inputs['token_ type ids'].tolist()

# = VERE BEE

train_dataset = Dataset.from_dict(dummy train_data dict)

# FEITL—7 A4 X GHli7T— % 1)

encoded eval inputs = tokenizer(dummy eval texts, padding="max length", truncation=True,
max_length=32, return_tensors="pt")

dummy eval data dict= {
'input_ids": encoded_eval inputs['input_ids'].tolist(),
'attention_mask': encoded eval inputs['attention _mask'].tolist(),

labels': dummy_eval_labels # Trainer(Z 'labels' % HfF

b
if 'token_type ids' in encoded eval inputs:

dummy eval data dict['token type ids'] = encoded eval inputs['token type ids'].tolist()

# 70— \WERE EEHE

eval dataset = Dataset.from_dict(dummy eval data dict)

print(f"Super simple dummy train_dataset created and assigned. Samples: {len(train_dataset)},
Columns: {train_dataset.column_names}")

print(f"Super simple dummy eval dataset created and assigned. Samples: {len(eval dataset)},
Columns: {eval dataset.column names}")



if len(eval dataset) > 0:

print(f"First sample of new eval dataset (dummy): {eval dataset[0]}")

except Exception as e:
print(f"Error creating super simple dummy dataset in Cell 4.1: {e}")
import traceback
traceback.print_exc()

raise

print("--- Cell 4.1: Dummy dataset assignment complete ---")

import torch

import torch.nn as nn

import torch.nn.functional as F

from transformers import PreTrainedModel, AutoModel, AutoConfig, Trainer
from transformers.modeling outputs import SequenceClassifierOutput

from torch.nn import CrossEntropyLoss

#-—- BEY 22—V EHRT T v a v (SemanticConceptModule) ---

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)

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 1s not None:
expanded_attention mask = attention_mask.unsqueeze(-1).float()

attention_scores = attention_scores.masked_fill(expanded attention mask == 0, -1€9)

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

# - Sokok FT L WVEY 2 — )b [HEWIEAHRLREE Y 2 —)L
(DirectNonCommutativeModule) Yk ---

class DirectNonCommutativeModule(nn.Module):

def init (self, input_dim, output dim, # Z DE Y 2 — D FEHE A ARG
dropout=0.2,# E¥ 2 —)VEED Fa vy 7’7 FE
model config=None, # X—A € 7 /)L Dconfig (F 7> a V)
module_specific config=None # Z DE Y 2 —)IVFFHDHRE (4 7> a V)
):

super(). _init_ ()

self.input_dim = input_dim # N\—AE 7 /L %> 5 Dhidden states?DXIT D_hidden

self.output_dim = output dim# Z DE Y 2 — )L 2RO H IR

# JETTHARLEEZR: A1 input_dim * 2 (B§82 9 52D Dhidden_state % ## &)

# HMHRICIF ZDEY 2 =)L D output_dim & —HKI ¥ 3



internal processing_dim = module_specific_config.get("internal processing dim", input dim
* 2) # I O KT

self.non_commutative processor = nn.Sequential(
nn.Linear(input_dim * 2, internal_processing_dim),
nn.LayerNorm(internal processing_dim),
nn.ReLU(),

nn.Dropout(dropout),

# Mg, FEnHRh R o RBL L LT, #HZ1L input_dim 12§ 5

nn.Linear(internal processing_dim, input_dim)

)

self.lambda_param = nn.Parameter(torch.tensor(0.5)) # ¥ 1| Hg 7 B A

# JLDhidden_states & HEAHE DERAL N 2 IR IUHDN - T2 2 56 D E
if self.input_dim != self.output_dim: # input_dim (XFEAJHAZIIL DX IT (input_dimD % F)
self.final integration projection = nn.Linear(self.input_dim, self.output_dim)

print(f"DirectNonCommutativeModule 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 # local_input_dim (&
self.input_dim & [[ U 1%3"

device = hidden_states.device

if seq len <2:



print("Warning: Seq_len <2 in DirectNonCommutativeModule. Returning original
hidden_states (or projecting if output dim differs).")

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'): # 72 7z &
#output_dim IZEH DY B72OD 7 4 —)L Ny 755 (input_dim -> output_dim)
# Z D7 —ATIFIEAHENRIZ IR S 7z

temp_ proj = nn.Linear(self.input_dim, self.output_dim).to(device)

return {"last_hidden_ state": temp_proj(hidden_states),
"non_commutative effects map": None}

return {"last _hidden_state": self.final integration projection(hidden_states),
"non_commutative effects map": None}

non_commutative effects at each step = torch.zeros like(hidden_states)

for i in range(seq_len - 1):

current_h = hidden_states|:, 1, :]

next_h =hidden_states[:,1+ 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)



#HEINLIEHRIRE, DY =7 v ZADXMIRT B ALE (FH) IS
#(HDHWVIE, iFHEHFBHOWGICHEL .2 54, HETEIRERSh
#Z 2T, iBFHD b =7 VIR EEET B4

non_commutative effects at each stepl[:, i, :] +=non_comm_effect

#5 L (hih {i+1}) OBIRMED h i & h {i+1} DG IHETZ EEZ DR,

#non_commutative_effects_at_each_step[:, i+1, :] IZ b 5 22 DIETIHE/AAT %

# JLDhidden_states!Z FEAHARN G 2 B

fused hidden_ states = hidden_states + non _commutative effects at each step

# B 70 I RICN DS (S 72 56)

if self.input_dim !=self.output_dim: # & Z TDinput_dim(IIEAHBIE 2 IMEE DOXKIC (D
% D ILDinput_dim & [[{ L)

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

# --- EnhancedTransformerForSequenceClassification (DirectNonCommutativeModule % #H ZiA

) -

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 {}

#EY 22—V BWRT T v a YN (SemanticConceptModule)

if selfitech flags.get("use semantic_attention_module", False):
scm_config = self.module configs.get("semantic_attention module", {})
modulel output dim =scm_config.get("output_dim", current_dim)
self.tech modules['semantic_attention module'] = SemanticConceptModule(
input_dim=current_dim,
output_dim=modulel output dim,
num_concepts=scm_config.get("num_concepts", 32),
concept_dim=scm_config.get("concept _dim", 128),
model config=self.config

)

current_dim = modulel output_dim # € ¥ 2 — )LD H IR IGTHHT



print("SemanticAttentionModule enabled.")

# %k k €Y 2 —)VX: [EEENIEAHLEEE 2 2 — )L (DirectNonCommutativeModule)
Yk

# SemanticConceptModule & ZHEIVICERIL S5 2 L 2%
elif self.tech_flags.get("use direct non commutative module", False): # elif |2 225

dnc_config = self.module configs.get("direct non_commutative module", {})

moduleX_ output dim = dnc_config.get("output_dim", current_dim) # 3% (X current_dim

EFL

self.tech_modules['direct non commutative module'] = DirectNonCommutativeModule(

input_dim=current_dim, # X—A € 7 /)LD H IR

output_dim=moduleX output dim,
dropout=dnc_config.get("dropout", 0.2),

module_specific_config=dnc_config # € 2 — )V[EHG DFEZIET

)

current_dim = moduleX_output dim # € ¥ 2 — /)L D H IR IGTHEHT

print("DirectNonCommutativeModule enabled.")

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. Classifier input dim:
{current_dim}")

def forward(

self,



input_ids=None,
attention_mask=None,

token type ids=None,
labels=None,

target semantic labels=None,
return_dict=None,

**kwargs

print(f"--- EnhancedTransformer.forward CALLED (is_training: {self.training}) ---")
#.. ANERD TNy 7770 v F3AM, BDEZSEMLTLEI V) ..

base model kwargs = {
k: v for k, v in kwargs.items()

nn

if k in ["position_ids", "head mask", "inputs embeds", "output_attentions",
"output_hidden_states"]

b

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

)

hidden_states = transformer_outputs.last_hidden_state

module_outputs_dict = {}



if self.tech flags.get("use semantic_attention module", False) and
'semantic_attention_module' in self.tech _modules:

scm_results = self.tech_modules['semantic_attention module'](
hidden_states,
attention_mask=attention mask

)

hidden states = scm_results["last hidden state"]

module outputs_dict["attention_weights"] = scm_results["attention_weights"]

# Y% DirectNonCommutativeModule DFEFUVH L Yk ke

elif selfitech flags.get("use direct non _commutative module", False) and
'direct non_commutative_module' in self.tech_modules:

dnc_results = self.tech_modules['direct non commutative module'](
hidden_states,
attention_mask=attention mask# ZDEL 2 — )L TIEfib b LN wadE L
TEL
)
hidden_states = dnc_results["last_hidden_state"]

# module outputs dict["non_commutative effects map"] =
dnc_results["non_commutative effects_map"] # A% 7% &

pooled output = hidden_states[:, 0]
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))

print(f" Forward CALCULATED loss: {loss.item() if loss is not None else "None'}")
else:

print(f" Forward did NOT calculate loss (labels were None).")

print(f"'--- EnhancedTransformer.forward RETURNING (explicit (loss, logits) tuple for final
debug) ---")

other outputs tuple elements = ()

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

other outputs tuple elements += (transformer_outputs.hidden_states,)
if hasattr(transformer_outputs, 'attentions') and transformer outputs.attentions is not None:

other outputs tuple elements += (transformer_ outputs.attentions,)

#(EY 22— VEROHIZEMT 285413 2 210)

if loss is not None:
print(f" Returning loss: {loss.item()}")
print(f" Returning logits (tensor) shape: {logits.shape}")
return (loss, logits) + other outputs tuple elements
else:
print(f" Returning logits (tensor) shape: {logits.shape} (loss is None)")

return (None, logits) + other outputs tuple elements

# --- DebugTrainer 7 7 ADEF (BH 7L 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 ---")

# ... (LR D DebugTrainerd 2 — N3 Z D ¥ %) ...

print(f" prediction loss only: {prediction loss only}")
if inputs is not None and isinstance(inputs, dict):
print(f" Input keys: {list(inputs.keys())}")
if "labels" in inputs:
print(f" 'labels' found in inputs. Shape: {inputs['labels'].shape}")
else:
print(f" Warning: 'labels' NOT found in inputs for prediction_step.")
else:

print(f" Warning: inputs to prediction_step is None or not a dict.")
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")

print(f"'--- DebugTrainer.prediction_step after manual model call ---")
if loss 1s not None:

loss_val to print = loss.item() if isinstance(loss, torch.Tensor) and loss.numel() == 1 else
loss

loss_shape to print = loss.shape if isinstance(loss, torch.Tensor) else type(loss)

print(f' Manually extracted loss shape: {loss shape to print}, loss value:
{loss_val to print}")

else:
print(f" Manually extracted loss is None.")
if logits is not None:
if isinstance(logits, torch.Tensor):
print(f* Manually extracted logits shape: {logits.shape}")
else:
print(f* Manually extracted logits type is {type(logits)}. Value: {logits}")
else:
print(f* Manually extracted logits is None.")
if labels_out is not None:
print(f" Extracted labels out shape: {labels out.shape}")
else:

print(f" Extracted labels out is None (or not in inputs).")

if prediction loss only:
return (loss, None, None)

return loss, logits, labels out



print("Cell 5: Custom model classes (including DirectNonCommutativeModule and updated
EnhancedTransformer) and DebugTrainer defined.")

#-- V6 T T L= a VEBOMRER EFITLV—T -

#oe T —NVEH (23,45 TERINTLEIETDH D) DR -

required globals cell6 = [
'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',
'Dataset’,
'DebugTrainer’
]
for var_name in required_globals cell6:
if var name not in globals():
raise NameError(
f"Global variable '{var name}' is not defined. "
f'Please ensure all prerequisite cells have been executed correctly and define this variable."

)

print("All required global variables for Cell 6 are defined.")

# - R D EF ---

experiment configurations = [

{

"name": "0 baseline transformer",



"tech_flags": {},

"module configs": {}

s
{
"name": "1 _semantic attention_end to end",
"tech flags": {"use semantic attention module": True}, # SemanticConceptModule % £ 2/{l:
"module configs": {
"semantic_attention module": { # SemanticConceptModule P H¢FE
"num_concepts": 32,
"concept_dim": 128,
"output_dim": hf model config.hidden size # I RITIFN—Z L[] U
}
b
}s

{ # Ydok BT L O SEEBRERR D BE NN Yekk

"name": "2_direct non commutative",

"tech_flags": {"use direct non commutative_module": True}, #
DirectNonCommutativeModule % £ &1l

"module configs": {

"direct non_commutative_module": { # DirectNonCommutativeModule DETE
"output_dim": hf model config.hidden_size, # t} JJXICIFR—R E[A] U
"dropout": 0.2, # EY 2 — )LVND Fa vy 777

"internal processing_dim": hf model config.hidden_size # f5I]: H[&JE DXt %
hidden_size & [A] U 1



all results = {}

all_trained_models = {}

print(f"Generated {len(experiment configurations)} experiment configurations.")

#- BT L) F— DU (DT IV — T ERTIC D FLE) -
#(Z DT IZENVATHEEITONU TR, 2 TEFERITIIMBEZ 52 0idTT7)

if 'train_dataset' in globals() and isinstance(train_dataset, Dataset) and \
'label' in train_dataset.column_names and 'labels' not in train_dataset.column_names:
print("Cell 6 (pre-loop): Renaming 'label' column to 'labels' in train_dataset...")
train_dataset = train_dataset.rename column("label", "labels")

if 'eval dataset' in globals() and isinstance(eval dataset, Dataset) and \
'label' in eval dataset.column names and 'labels' not in eval dataset.column_names:
print("Cell 6 (pre-loop): Renaming 'label' column to 'labels' in eval dataset...")
eval dataset = eval dataset.rename column("label", "labels")

print(f" Train dataset column names (pre-loop check): {train_dataset.column_names if
'train_dataset' in globals() else 'Not defined'}")

print(f" Eval dataset column names (pre-loop check): {eval dataset.column names if 'eval dataset'
in globals() else "Not defined'}")

#--- ZZETY 2— LALPR -

e T — T e

for exp_config_setting in experiment configurations:



config_name = exp_config_setting["name"]
tech flags =exp config_setting["tech flags"]

module cfgs = exp config setting["module configs"]

print(f"\n--- Running Experiment: {config name} ---")
print(f"Technology Flags: {tech flags}")

print(f'Module Configs: {module cfgs}")

model = EnhancedTransformerForSequenceClassification(
hf config=hf model config,
base_model name=BASE MODEL NAME,
num_labels=NUM_LABELS,
tech_flags=tech flags,

module configs=module cfgs

current_output_dir = f"{OUTPUT_DIR BASE} {config name}"

# --- TrainingArguments (A A1) 7243, NUM_EPOCHS=1TEX § 7 A I) -

training_args = TrainingArguments(
output_dir=current output_dir,

learning_rate=LEARNING RATE, # £ L 3 C/E#%

per device train batch size=BATCH_SIZE, # £ V3 TEZ (H: 1)
per device eval batch size=BATCH_SIZE, # 2 /L3 TEZE (Hl: 1)
num_train_epochs=NUM_EPOCHS, # V3 TERE W 1)

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, # 71 7 LAHIFR L %2\ (D7)

#save_total limit=1, # RTFT 2 F = v 7 KA ¥ b DIRAEZE LZHIR (74 2 7 fifyo
72 9)

trainer = DebugTrainer( # 5| Z#t & DebugTrainer % {4

model=model,
args=training_args,
train_dataset=train_dataset,
eval dataset=eval dataset,
tokenizer=tokenizer,

compute_metrics=compute_metrics, # compute metrics (X VA TERR, 7%y Zprintfi2))

print(f"'Starting training for {config name}...")

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}")

all_results[config_name] = eval_results

except Exception as e:
print(f"!!! An error occurred during training or evaluation for {config_name}: {e} !!!")
import traceback

traceback.print_exc()

break # T 7 —FAERF IV —7 2T 5

print("\n\n--- Experiment Summary ---")
if all_results:
for name, res in sorted(all results.items()):
accuracy = res.get(‘eval_accuracy', 'N/A")
loss = res.get('eval_loss', 'N/A")
print(f"Configuration: {name:<50} Accuracy: {accuracy:<10} Loss: {loss:<10}")
else:

print("No results to summarize. Experiments might have failed or were not run.")

print("\nAll experiments complete (or stopped due to an error).")



FEhia— 2

#eN1(ey b7y 7 E A — 2 OVEHEE) )

#

HEHESI A 79V 27U A VA=A LTZY) —v R REEICT 5

!pip uninstall -y transformers accelerate peft sentence-transformers datasets -q

#IEEN—Ya vy TIA 77V %A VAR
Ipip install transformers==4.36.2 -q

Ipip install datasets -q

Ipip install peft==0.7.1 -q

Ipip install accelerate==0.25.0 -q # <--- accelerate®D /N — a ¥ % 0.25.0I1Z[H%E (F 72130.26.1)

# 2 H 2T 572012 — )L 2 P )

import os

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

#--t N2 TAT7VDAL VR—] -



import torch
import torch.nn as nn

import torch.nn.functional as F # SemanticConceptModule “C F.softmax Z i3 % 72 ®

from transformers import (
AutoModelForSequenceClassification,
AutoTokenizer,
Trainer,
TrainingArguments,
AutoConfig,
PreTrainedModel,
AutoModel

)

from transformers.modeling_outputs import SequenceClassifierOutput # € 7 /L D H 1=

from torch.nn import CrossEntropyLoss # $82%B4%0H

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

import numpy as np

from sklearn.metrics import accuracy _score # sl fa 15 15 H

import itertools # SEERHEAE M (RN FENEZ 7% O THIA I AZETT L3, RERRVIC
9 AIREME D)

#(D LIS ELREHES £ 77 ) 3H UL T ZISEMLTL 23 W0)
# import os # (X VI THEHFE AL DT, T I TIESHETIE R W)

# import json



# import time

# import datetime

#(b L7277 7% £ 2179 A3, matplotlibZ &b 2 2 TA Y AR— 1)

# import matplotlib.pyplot as plt
# import seaborn as sns

# import pandas as pd

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

print(f" PyTorch version: {torch. _version }")

try:
import transformers
print(f" Transformers version: {transformers. version__}")
import datasets
print(f" Datasets version: {datasets. version }")
import accelerate
print(f" Accelerate version: {accelerate. version__}")
import peft
print(f" PEFT version: {peft. version__}")

except ImportError:

print("Warning: Could not print all Hugging Face library versions. Ensure they are installed.")

#--- LIV HRAROE - R T A=

from transformers import AutoTokenizer, AutoConfig # M7 b D% VKR — F (£ V2TA v
A — FFAL S HEE 2B THOK)



# - FEAHY 70 A -~
BASE_MODEL NAME = "bert-base-uncased" # ~\—2 & 72 % FHEEFE AT TV DL4H

NUM_LABELS =2 #BI AT DT VE W IMDb7e & R T4 7/3H T 4
7 D2)

OUTPUT DIR_BASE ="./experiment results/" # FEEFE RO M1 HE_R—2A 74 L7 bV

#o- JIHICBI T 2 NA =8 X =% .

LEARNING_ RATE = 2e-5 # S EER
BATCH_SIZE =1 # Ny FH AL X (GPUAE Y RTF—FICH L THEK)

# CPUEFTOLAIZNZ D W: 15°2)12 L s\ EIEFITE WA H D

E3c
NUM_EPOCHS = 1 #AlT Ry 7B (R ECT A N L, MEZ T Uy
7))

#- b=V FAF—LETNHREDT—F

try:
print(f"Loading tokenizer for {BASE MODEL NAME}...")
tokenizer = AutoTokenizer.from_pretrained BASE MODEL NAME)
print(f"Tokenizer for {BASE MODEL NAME} loaded successfully.")
except Exception as e:
print(f"Error loading tokenizer for {BASE MODEL NAME}: {e}")

raise # L7 — 34 L 72 & WP 2 4= [k

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

# NG U Tt D AutoConfigD 78 o X — & & & 2 Ci%k7E Al ke
# f9: finetuning_task="text-classification' 7% &

)

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 }")

#--- 2 )L4: T—F X v FHEfiE £ compute metrics BIEIDEE (B 7 L H/IEIEE 2 2 TITH
AR -

from datasets import load dataset



from sklearn.metrics import accuracy_score
import numpy as np

import torch

#oe TH—2NVEH(ENVITERIN TN S1ETD D D) DR -

if ' BASE_ MODEL NAME' not in globals():

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

if 'tokenizer' not in globals():

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

print(f"Starting dataset preparation using BASE MODEL NAME: {BASE MODEL NAME} and
tokenizer: {type(tokenizer). name }")

#1.7—%%xv Foua—F

try:

dataset dict = load dataset("imdb") # DatasetDict4 7> =7 b £ LCTr—F

print("IMDb dataset loaded successfully.")
except Exception as e:
print(f"Error loading IMDb dataset: {e}")

raise

#2. b =7 F A4 ZBHEDERR

def tokenize function(examples):

return tokenizer(examples["text"], padding="max_length", truncation=True, max_length=256)



#3. 7= 8%y b O =27 F4 X (BB RsplitDBERRIZT 3 2 & b

try:
print("Tokenizing datasets...")

#'train' & 'test' splitd &A% b — 27 4 X %4 (unsupervised | 1> 72 W AHE)

# b Lihosplitd 9 72 5 dataset dictEEZmapd % 2>, B AL

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. WA - FHliHT— % € v + OEfii & A 7 L HEIE

try:

#'label' 77 7 7% 'labels' IV % — 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.")

# 70— )L E LT train_dataset & eval dataset % xEF%
# (72N ZHIZHIAINL 729 4 R)

train_dataset = final tokenized train.shuffle(seed=42).select(range(20))

eval dataset = final tokenized test.shuffle(seed=42).select(range(10))

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:

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

45 FEMHREEF SRR O TR (73 y 770 v )

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": accuracy}
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}")

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.")

#--k VA1 ¥ I —FT—Fky MLk D EEE (TN 7H) -

from datasets import Dataset # Dataset 7 7 A% A YR — F (£ IV2TA ¥ R— M FEAL S AH)



import numpy as np # (2 NW2TA ViR — FFAL 6 AR

# tokenizer | ILITERIFTADIZT

print("--- Cell 4.1: Overwriting train_dataset and eval dataset with super simple dummy data ---")

# B 70 — OV DR

if 'tokenizer' not in globals():
raise NameError("Global variable 'tokenizer' is not defined. "

"Please ensure Cell 3 (Basic/Common Settings) has been executed correctly and
defines tokenizer.")

try:

#YI—FTFAFETX)L

dummy train texts = ["this is a training sentence for debug.", "another training sentence here for
debug."]

dummy _train_labels = [0, 1]# 7 )L IZ%&EEL

dummy eval texts = ["a test sentence for debug.", "another one here for eval debug."]

dummy_eval labels = [1, 0] # 7 ~)U I3 B EL

# FETE—7 74 X GEIFET—5 H)

encoded_train_inputs = tokenizer(dummy _train_texts, padding="max_length", truncation=True,
max_length=32, return_tensors="pt")

dummy train_data_dict = {
'Imput_ids': encoded train_inputs['input_ids'].tolist(),
'attention_mask': encoded_train_inputs['attention mask'].tolist(),

"labels': dummy _train_labels # Trainer!Z 'labels' % Hif¥



if 'token_type ids'in encoded _train_inputs: # BERT% 7 & token_type ids b

dummy train data dict['token type ids'] = encoded train_inputs['token type ids'].tolist()

# 70— \WERE EHE

train_dataset = Dataset.from_dict(dummy train data dict)

# FEITL—7 A4 X GHEi7T— 5 H)

encoded eval inputs = tokenizer(dummy eval texts, padding="max_length", truncation=True,
max_length=32, return_tensors="pt")

dummy eval data dict= {
'imput_ids': encoded eval inputs['input_ids'].tolist(),
'attention_mask': encoded_eval inputs['attention_mask'].tolist(),

"labels': dummy _eval labels # Trainer(d 'labels' % HifF

b
if 'token_type ids'in encoded eval inputs:

dummy eval data dict['token type ids'] = encoded eval inputs['token type ids'].tolist()

#oa—NVERE BEE

eval dataset = Dataset.from_dict(dummy eval data dict)

print(f"Super simple dummy train_dataset created and assigned. Samples: {len(train_dataset)},
Columns: {train_dataset.column_names}")

print(f"Super simple dummy eval dataset created and assigned. Samples: {len(eval dataset)},
Columns: {eval dataset.column_names}")

if len(eval dataset) > 0:

print(f"First sample of new eval dataset (dummy): {eval dataset[0]}")



except Exception as e:
print(f"Error creating super simple dummy dataset in Cell 4.1: {e}")
import traceback
traceback.print_exc()

raise

print("--- Cell 4.1: Dummy dataset assignment complete ---")

import torch

import torch.nn as nn

import torch.nn.functional as F

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

from torch.nn import CrossEntropyLoss

# --- Yokk E Y 2 —)b: WifaglFE € 2 2 — )L (DiscontinuityEmergenceModule) Yk k ---

class DiscontinuityEmergenceModule(nn.Module):

def init_ (self, input_dim, output_dim, # Z DE Y 2 — )LD FEHE L AHTIRIE
semantic_dim_for discontinuity=12, # Wi I 9 INERIY 22 R LB O Xt
emergent_label dim=24, # RIFE IR 7 L DXIT (Bl: semantic dim * 2)

dropout=0.2,

model config=None, # X—A & 7 /L Dconfig (1 7 a V)
module_specific config=None # Z DE Y 2 — IVEH DBE (4 7> a v)

):

super(). _init_ ()



self.input_dim = input_dim # HiDREE 2> & DFRiEE DXt (Hl: 768)
self.output_dim = output_dim # Z DE Y 2 — )L 2RO HIIXRIE (Hl: 768)

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)

# 1. Wit o 72 © ORHBZE R (AN 12k 2 — B2 )
# input_features % Wrififr L 29 2 FH (semantic_dim for discontinuity) {224

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()

# 2. Wiffas i (Discontinuity Detector)
# BHE S 220 DEREI 2 il LTz 2 7 2 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()



#3. BIFEEIR 7 ~ VA A (Emergent Label Generator)
# Wi Al #2 O Z K FE B (semantic_dim_for discontinuity * 2) Z A1 & § 5l

self.emergent label generator = nn.Sequential(

nn.Linear(self.semantic_dim_for_discontinuity * 2, input_dim // 4), # %KD
FourthOrderModelZ%

nn.LayerNorm(input_dim // 4),

nn.ReLU(),

nn.Dropout(internal _dropout),

nn.Linear(input_dim // 4, self.emergent label dim),

nn.Tanh()

# 4. #ATE OtDhidden_states & BIFE 7 XL Z A
# JLDinput_dim & emergent label dim Z#f5¢ L. output dim!ZH 529 % 4
# F 720k, BIFEZ L Zinput dimICHE L OMET 248, BEllick 3

# 22 ClE. TTOEEIZ TAIFRS VO ELMZ 0D, 2K L. XL%
output dimlZHH+H 5

#HED D, AIFET_INIES — 7 VAR TIDEL, ZNEE{& =2 vic7Tu—
F¥ ¥ 2 F LCOMER., i

if self.input_dim + self.emergent_label dim != self.output dim : # i L THE T 2 54

self.integration_projection = nn.Linear(self.input_dim + self.emergent label dim,
self.output_dim)

elif self.input_dim != self.output_dim: # MBEEIZH 5T % 54 BIFE 7 )V Ddinput_dimZ
P I N B HiHR)

self.integration_projection = nn.Linear(self.input_dim, self.output dim)



print(f"DiscontinuityEmergenceModule 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):
batch size, seq len, =hidden_states.shape

device = hidden_states.device

# 1. Wikt o 72 & O R L I 2

# (batch_size, seq len, semantic_dim_for discontinuity)

semantic_features for discontinuity =
self.feature to semantic_for discontinuity(hidden states)

#2. Wikt 2 2 7 DR (=77 v ADKBEE SIS L)

discontinuity scores_list =[]
if seq len> 1:

# TV VEE TR OV — 7 2 kElT %)

# (batch_size, seq_len-1, semantic_dim_for discontinuity)

sfd t=semantic_features for discontinuity[:, :-1, :]

sfd t plus 1 =semantic_features for discontinuityl[:, 1:, :]

# (batch_size, seq len-1, semantic_dim_for discontinuity * 2)
combined for discontinuity = torch.cat([sfd t, sfd t plus 1], dim=-1)

# (batch_size, seq len-1, 1)

discontinuity scores = self.discontinuity detector(combined for discontinuity)
discontinuity scores = discontinuity scores.squeeze(-1) # (batch_size, seq len-1)

else:



discontinuity scores = torch.zeros(batch_size, 0, device=device)

#3. BIFER T VDR (3 — 77 v A DK SR L)

emergent labels sequence = torch.zeros(batch_size, 0, self.emergent label dim,
device=device) # #JHH{L

if seq len> 1:
# 5t combined for discontinuity % BI%E 7 ~)VAERERD AN & LTHAIH T % 4

# (batch_size, seq_len-1, emergent label dim)

emergent labels sequence = self.emergent label generator(combined for discontinuity)

# 4. LOFHEE £ DG

# 22T, Fh=7 i, (-LH)MEGHDBIDAIFE T VDV 2R XS 5,
7o EDBME T ALBE S Tl g

# LML DIZ, BAIFKTNIVOVEERKZIY., 2022 r—2vic7a—F
X ¥ A MK

output_features = hidden_states # ¥ 3 |30 DR E

if emergent labels_sequence.numel() > 0 and emergent labels sequence.shape[1] > 0: # All¥&

7 NUVDER I N GE
# B 22RIFE 7 XL D % G (batch_size, emergent label dim)

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

# JLDhidden statesD 5 F— 7 VICHEAG L THE T2 7 Tu—F

# (batch_size, seq_len, input_dim + emergent label dim)
expanded emergent label = pooled emergent label.unsqueeze(1).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: # i &5 72 |} TRILHE
ok ke
output_features = combined features
elif self.input_dim == self.output_dim: # IHEE 7 )L TRILHE I Bhr (2 OHITIEFES
ZOTHZHLITL W)

# project_emergent = nn.Linear(self.emergent label dim, self.input dim).to(device)

# output_features = hidden_states +
project_emergent(pooled emergent label).unsqueeze(1)

print("Warning: Integration strategy for DiscontinuityEmergenceModule needs review if

output dim == input_dim and using concat style.")

pass # C D7 — A DA NI 2 WIE IS I 2 05 H D
else:# 74— Ny 7 (Ml L, FIZHEMREY

print(f"Warning: Fallback integration in DiscontinuityEmergenceModule. output dim

might not be as expected.")

if self.input_dim != self.output_dim and hasattr(self, 'final_projection_fallback'): # }7 %3
—D 7O DR
output_features = self.final projection fallback(hidden_states)
else: # A H L 7\
output_features = hidden_states

elif self.input_dim != self.output dim : # BIFE 7 NUD3% DS, HARIL R 2856

if not hasattr(self, 'final projection_fallback'):

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

# --- EnhancedTransformerForSequenceClassification (DiscontinuityEmergenceModule % fHAIA
) ---
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 {}



# €Y 2 — VIHHMEIc G R b S 15 2 & 2 HUE (tech flags Tl fHl)

active_module name = None

if selfitech flags.get("use semantic_attention module", False):
active_module name = 'semantic_attention_module'
scm_config = self.module_ configs.get(active module name, {})
module output dim =scm_config.get("output dim", current_dim)
self.tech_modules[active_ module name] = SemanticConceptModule( # Z UL PARTEZE L
7B 22—
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
)
current_dim = module output dim

print("SemanticAttentionModule enabled.")

elif selfitech flags.get("use direct non_commutative module", False):

active_module name = 'direct non _commutative module'

dnc config = self.module configs.get(active module name, {})

module output dim = dnc_config.get("output dim", current dim)

self.tech_modules[active_ module name] = DirectNonCommutativeModule( # Z 2LIZ Hif[0]

ERLILEY 2V

input_dim=current_dim, output dim=module output dim,
dropout=dnc_config.get("dropout", 0.2), module_specific_config=dnc config

)

current_dim = module_output dim

print("DirectNonCommutativeModule enabled.")



elif self.tech_flags.get("use_discontinuity emergence module", False): # WHT L \WEY 2 —
NDT7 77

active_module name = 'discontinuity emergence module'
dem_config = self.module configs.get(active module name, {})

module output dim = dem_config.get("output dim", current dim) # ¥ [Zcurrent dim &

self.tech_modules[active_module name] = 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),
module_specific_config=dem_config

)

current_dim = module_output dim

print("DiscontinuityEmergenceModule enabled.")

self.active_ module name = active_module name # & D€ 2 — )L E RN DR} (forward

Tffi9)

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"Enhanced TransformerForSequenceClassification initialized. Classifier input dim:
{current_dim}, Active module: {self.active_module name}")

def forward(



self, input_ids=None, attention mask=None, token type ids=None, labels=None,

return_dict=None, **kwargs ):

# print(f"--- EnhancedTransformer.forward CALLED (is_training: {self.training}) ---") # 7 /%
v Zprint 38 H.

# 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",

nn

"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)

hidden_states = transformer outputs.last_hidden_state

module specific_outputs = {} # € ¥ 2 — VIHE D H 1 %

if self.active_module name and self.active_module name in self.tech_modules:

module output = self.tech_modules[self.active_module name](hidden_states,
attention_mask=attention mask)

hidden_states = module_output["last_hidden state"]# £ TDEY 2 — /LT T DX —Thl
T.3% #hidden_states % #X 9 Hilf&

# o H )1 (f§: attention_weights, discontinuity scoresZz &) 3
module_specific_outputs IZF&#N

for key, value in module output.items():
if key !="last hidden_state":

module_specific_outputs[key] = value

pooled output = hidden_states[:, 0]

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()}") # 77N 7

print (3 #H

# else: print(f" Forward did NOT calculate loss (labels were None).")

# print(f"--- EnhancedTransformer.forward RETURNING ... ---") # 77\ v 7 'print |3 B

#3R DAHD & 7 VHERR (loss, logits, X—AETINDHN, €Y 2 —)VEE D)
# Trainer2X (X 9 DS loss & logits

final outputs = (logits,)

if transformer outputs.hidden_states is not None: final outputs +=
(transformer outputs.hidden_states,)

if transformer_outputs.attentions is not None: final outputs +=
(transformer_outputs.attentions,)

if module_specific_outputs: final outputs += (module_specific_outputs,) # € 2 —)L /]
5 7B

if loss is not None:
return (loss,) + final outputs
else:

return (None,) + final outputs



# --- DebugTrainer 7 7 A DEF (LH 7 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 ---") # 7\ 7 print (3 i##H
# ... (DLHT D DebugTrainerd 2 — N3 Z D ¥ %) ...

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")

# ... GEMl Zzprint 7N v X E) ..

if prediction_loss_only: return (loss, None, None)

return loss, logits, labels_out

print("Cell 5: Custom model classes (including DiscontinuityEmergenceModule) and DebugTrainer
defined.")

#oe kL6 T 7L — a VEBOBRER L FEITV—7(TNy 77V v bl - /5
ThiR) ---



print("--- Cell 6 Execution START ---") # Y& )V FEITHIR DR

#oe T —NVEH(£IV3,4,5 TERINTLEIETDH D) DR -

required globals_cell6 = [
'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',
'Dataset’,
'DebugTrainer’
]
missing_globals_check = False
for var name in required globals cell6:
if var_name not in globals():
print(f"ERROR: Global variable '{var name}' is not defined in Cell 6!")

missing_globals check = True

if missing_globals check:

raise NameError("One or more required global variables are not defined. Please check previous
cells.")

else:

print("All required global variables for Cell 6 seem to be defined.")

#-- EEREEDOER (FTER—ATA VDARTTA L) -

print("Defining experiment configurations (debug: baseline only)...")

experiment_configurations = [



"name": "0_baseline_transformer DEBUG RUN", # (i /17 % 537\F %

"tech flags": {},

"module configs": {}

]

all results = {}

print(f"Generated {len(experiment_configurations)} experiment configurations for debug.")

#o- H 7 L) T— DB (D 7 8D )V — FIERTNIC D FLED) ---
print("Checking and renaming dataset columns if necessary (pre-loop)...")
try:
if 'train_dataset' in globals() and isinstance(train_dataset, Dataset) and \
'label' in train_dataset.column_names and 'labels' not in train_dataset.column_names:
print(" Renaming 'label' to 'labels' in train_dataset...")
train_dataset = train_dataset.rename column("label", "labels")
if 'eval dataset' in globals() and isinstance(eval dataset, Dataset) and \
'label' in eval dataset.column names and 'labels' not in eval dataset.column_names:
print(" Renaming 'label' to 'labels' in eval dataset...")
eval dataset = eval dataset.rename column("label", "labels")

print(f" Train dataset columns: {train dataset.column names if 'train_dataset' in globals() else
'Not defined'}")

print(f" Eval dataset columns: {eval dataset.column names if 'eval dataset' in globals() else
'Not defined'}")

except Exception as e:
print(f"Error during pre-loop column renaming: {e}")

raise



B CTETY R L

print("\nStarting experiment loop...")

# - FHFOL — 7" (AW DREIR D A FAT) -
for exp_config_setting in experiment_configurations: # /L — 7'1Z[0] 5 23, HEE 1721

config_name = exp_config_setting["name"]
tech flags =exp config_setting["tech flags"]

module cfgs = exp_config_setting["module configs"]

print(f"\n--- Running Experiment: {config name} ---")
print(f" Technology Flags: {tech flags}")

print(f" Module Configs: {module cfgs}")

try:

print(" Instantiating model...")

model = EnhancedTransformerForSequenceClassification(
hf config=hf model config,
base_ model name=BASE MODEL NAME,
num_labels=NUM_LABELS,
tech_flags=tech flags,
module configs=module cfgs

)

print(f" Model '{type(model). name }'instantiated successfully.")

current_output dir = f"{OUTPUT _DIR BASE} {config name}"

print(f" Output directory set to: {current_output_dir}")



print(" Defining TrainingArguments...")
training_args = TrainingArguments(
output_dir=current_output dir,

num_train_epochs=1, # /R
per device train batch size=BATCH_SIZE, # £ V3 TEZ (H: 1)

per_device eval batch size=BATCH_SIZE, # & L3 TE#E (l: 1)

evaluation_strategy="epoch",
logging_strategy="epoch",

save strategy="no", # fR77 L 72>

report_to="none",
do_eval=True,

load best model at end=False,
remove unused columns=False,

)

print(f" TrainingArguments defined. Evaluation strategy:
{training_args.evaluation_strategy}")

print(" Instantiating DebugTrainer...")
trainer = DebugTrainer(
model=model,
args=training_args,
train_dataset=train_dataset,
eval dataset=eval dataset,

tokenizer=tokenizer,



compute _metrics=compute metrics,

)

print(f' DebugTrainer instantiated. Compute metrics function:
trainer.compute metrics. name if trainer.compute metrics else 'None'}"
pute_ _ _ pute_

print(f" Starting trainer.train() for {config_name}...")

trainer.train() # Fllff & FF4l D F1T

print(f" Training finished for {config name}.")

# trainer.train() O CRHI 2T oL, KR 0 I 513

# e el 2 R NS T W 72 W AIE DT & 937

# print(f" Starting final evaluation for {config name}...")

# eval_results = trainer.evaluate()

# print(f" Final evaluation results for {config name}: {eval results}")

# if eval results:

# all results[config name] = eval results

# Trainer® | 70> & ie BT DHilifs R 2 B L & 9 LA 3 (& D2 51E)
#AlICREI N0 76 X Y 7 AR

if trainer.state.log_history:
print(" Extracting eval metrics from trainer state log history...")
final eval metrics = {}

for log_entry in reversed(trainer.state.log_history): # IR FTD 1 7' R T

is_eval log = True

# eval loss & eval accuracy 23/ & % )RR

if 'eval loss' not in log_entry or 'eval accuracy' not in log_entry:



is_eval log = False

ifis_eval_log: # C3FHiiv 7Oz v+ 72 LARGE

final eval metrics = {k: v for k, v in log_entry.items() if k.startswith("eval ") or k ==
HepOChH}

print(f" Found eval metrics in log: {final eval metrics}")

all results[config_name] = final eval metrics

break # IR PTOFH 7 7% WO 72 68T

if not final eval metrics:

print(" No evaluation metrics found in trainer log history with both eval loss and
eval accuracy.")

else:

print(" Trainer log history is empty. No metrics to extract.")

except Exception as e:
print(f"!!! An error occurred during experiment {config name}: {e} !!!")
import traceback
traceback.print_exc()

# L7 —DRELTH, ROEBFERIH UL — 7 13#kFE T % (break L 75 \»)

#7-72L. 2Ty TR TIEEBERIZ1>721F

print("\n\n--- Experiment Summary ---")
if all results:
for name, res in sorted(all_results.items()):
accuracy = res.get(‘eval_accuracy', 'N/A")

loss = res.get('eval loss', 'N/A")



print(f"Configuration: {name:<50} Accuracy: {accuracy:<10} Loss: {loss:<10}")
else:

print("No results to summarize. Experiments might have failed or did not produce eval metrics in
log_history.")

print("\n-— Cell 6 Execution END --") # Y& )L FZ{7#& T DR












