TPEERERREE TS 2 — VB X D F IV A7 3 —< —DXALE
WHE & ERE AT | 2 AR & L% HiE U 7= RS 4 %
(SSG) DIEREWFFE

I av—7 K4S
1A

polyp@ webman.jp

(2025 4£5 H 29 H Bl Hli IR [ JST)

77 A 727 b (Abstract / $#95%)

HROF 7V A7 4= —FTNEE DY A7 THOVEREZER LTS, ZOHW 7 et 20
PERWE (77 v 78y 7 ZA1E) 13, AIOEEME, Z8M, HHaXBE BT 2WANGHETDH 5,
F7o. AD X9 ORI RO MEFF M, FEEEROB IR E LTHERE HIch 5,
AWFEIE, o OFEIIR L, ATE A2 T, T27%00HBHEMie LT, P72V A 74—
< —ICEBOBEIER 7 TERESEER (SSG) § BEY a—LZEAL, ZDXADBWNE & MEREA~DE
BRZMGEE T 2, IRET2EY 2 —AREE, (DEIRATREZ TEREES) 2228 - T2 TR 7
vya v . Q=72 vy =7 v ARDIRTFRG S TIEH L B B ice T LT B
MERRIEHULEE TS 2 —)L ) | Q)ERINZ T 28I L. 2 226874 TAIZER, Bk
W2 AR T 2 WHEAIFEES 2 —L) . ZLT@ NS DUBTH Nk v F o EWEGE 2., R
PRATREM: 2 Bk L o RN T 2 TR+ 77 7HiME Y 22—V, THD, oD
EY 2— LZIMDLEIE DY A 7 ICBITER—AFA Vb5 VR T7 —2—IhL hilaabE -
EFE A L. GG 7 7L —s a v 28 74 2E L 72,

FERDOFER, [Z TICEO~EISDEED 515 6 112 v b HE 2 mIVAE R 2 BRI ICER, 4 @ R
DEY 2 — N OB AGHE, FHCEWR T 7 v o 3 VHERE 2 W0 B RS Il L, JE v Hausg
MOBIFE B % e\ 72K (B6) 23, X—ZA 74 ¥~ (Accuracy X.XX) VU9 28 (Accuracy
Y.YY) R L7, OBMEY 2 — oo AGbE TIIERIE N b Ronkd, Zuiyd
DBEMERCTTOEY 2 — VilGOMEZ RE T 5, A0 77 7HEHEY 2 —Vidk, Y%L EESE
DRAKBHITHEM T 5 2 & T, FiE ORI Z 2% L o>, MHEEE T 2 Wo%llNIcHifc E 3
(HDBVIIRESAE T TR ET %) WEEER L, &L,

51T, FEY 2—VORNTIRE (EEM L 2 EWE, JEHRIR Dy —v Wifix 2 7 & AlF
7LD BRG], #EE& 7 e b YA TOEEER R L) OEESTEEL T, 20 hd3E T O
Wi7m e 20K (F 74 F Ry 7 Z2{LDikA) I2ED L HICEHBL 9 202 BANRFEH L &b
i %, BlZIE, BT 7V a YEEITREE ORGP T 2 & 2 4 L. FERHLBE I3 SO
IR 2 L. WHOAIREE Y 2 — VL Ea— oS OlEZ2 /8T 2 iM% 4% L 72,
AWIZEIEZ, FIVARTZ A ——DT Ty 7Ry 2 AWREM L. k) FEOERERG, S ng
HOLHEL, SR RBUER . 2 L CORRIN 2 M fEino A & o Ebofi L 2 b 152 TSSG.
DEBICT 72, ZREEY 27 —7 7 u—FOEENZEGE, F28, FHiihE. 2 LTZowHn
AR L HEEZR T 5,



¥—T—=F: F7YAT7 4 —v— XAl (FWTHEZRAD | ERMEER (SSG). BEN=2—F1 %y b7 —
7. BT T vy a v, JERHAE, AR du 574 v 2 REL 7L —va v Ay T, AL
AID AL

1. J¥%ifi (Introduction) * 1.1. {55t EWIFEDHEE: * P 7V A7 4 —<—DBRE, 2D THIID, L LTD
77y 7Ry 7 ARME, ERHERORRENE, AMOBEBRCHKE O IO WT, BN AR5 HZ R
ZBRDSHL %, * XAIOEEELIWHEN 2, 2 2 BHRNEHHFE TR, ETUL7—F%77F %
AR IR 2 A 7 70 —F OREHEZ BT 2, * BERD TAIPABID YA LR 7 —Lh s
WM, FET2V 27 Lw)Baicn, AlE ABDEZEMIC T, 32 7o Do
BERDPAHIEDOMRIRN 2B TH 5 2 L 2R, * 1.2, [BHEPGE & AP HIN: * BN GEROAREE
7928y P AW (BEHEF S VA7 3 —v—IF Az, AEL T 200 ?2 ZONERBLZARICE -
TR D 2 D 2 FIWARILILEBTRED> 2 * BEA2 (B &P OB : 7 X A b 23RO IE I s
P EHWRO "W Lo BEFEIE BROBBICARIRZD, BN VA7 F —v =TI AT
207 * W3 (BIFEOF M) LLMICR 62 T7REIF ) X9 Rl 2AF T2 <. A
Lo THIE TR R TEOAIE) (BENREHISCT7A 77 OFHR) 2D X 5 Ifed2 2 * [N
4 (HBIOBHEMEE M) SRR ERERZIR ALY v F2REZ, ORISR L, B2 R0
Bl 2 =y L FNAR) TIEHATREARTEICT 252 * AIFED HIW: FELOREREICN L, #EOHME
WA E Y 2 — V2 BEENCHA G DR 7 TRRFGEER (SSG) 1 7—F 77 F v 2IRET %, &€
Ta—)l (BRTT v a v, JEAHLBEE WHEAIZE, Fu 27 7)) 23 ZREFnRED TEROMIE,
2RI, ZNORZHEETEHILET. FI VA7 4+ —<—DXALBWHEZEO ., oMRER MR - L3183
CLZHET, KX TIE, TDSSGOEREL B2 KEY 2 —NVDEKGELE, ZNH6DT 7L —Y a v RY
T4 K WA R G 2 G T 2, * 13 REFEROME L P Ea—va v (FEY 2 —
VOB TA 77 &, 20D Eidd EQRESICHIET 2 22 HEIC, DRTOE 7% X—2 12 Bikqb) *
1.4 GCRR: (£ 7% L)

2. BT ZE (Related Work) * (LLETDE T D2.1~250NE%Z . BEMEOIMEAM: & b X 874085 30d) * 2.1.
XALLE b7 VA7 4 —2—DERf gt LR ME RO R (FRWEH, REN 2GR L)

&L AMEDT7?—* T 7 F % L L TOMPATREVEER DB W 2 0EH, *2.2. b7 Y A7 + —<2—~ODHil
ISR OEA: BEFEDEICED X I & THE ) ICEHLTw S (B A5k 7 7. WSOK) B,
KRR S TEEe  TIERMaYE, T, & o G0 HAS b OMAEZH L 2, *
2.3, IR - HRRBLOYE: BEEOWERBLEE L ok, Kiff%eo TERl&7a s 24 75 £ T4l
FEW®Z L) 23, X0 BRI AR 2 R 0 EA 2 HIF T M2 I, *24. =2—F) %Y b
7 =218 BMUFE - e « Wit BT cED L S T T —F s, ED X ) R
ERAND o 72 M, AFIED THEBENIEHNME Y 2 —)L )  TWiiaIF e 22— oMl
S, * 2.5 WHUEML, X7 ML YR 2T —F T2 F 2 (VSA). FRT T 74 v 7 EBL HRR%Z EDVSA
DFHAZFRRICHHL, ZNoP=2—I 0%y b7 =2 L EDLIHIHAINI 50, ERAWED T
WA A n 77 7HiEY 2 =) DINGDOXRTED L I B L WiRATH 20 %R 5, *2.6. Al
il & AN & ATD I E(L: BREROE Y 3 v 2 KL, A0 HIE T SSGRRERN 2 Ml €Y 2 — L
23, AID FAE & ARl - RO NN T v 22D, XKD RETEEHTE 2AL OV TIEARM & HELT
ZAIDEFUCE ) EEL 9 20 DEHE %, BIES 2 #4219 - B D B £ 2 Chdid,

3. RETFIENE « 2R EWRSGE A E Y 2 —)U (Proposed Multi-Tier Semantic Structure Generation Modules)
BLEARAT—FFT 7 F Y EMB7V—LT =2
(EnhancedTransformerForSequenceClassification) * [X[1 & L C, ~X—ATransformer!Z #£1D Ffii
Y 2 —DBEER - GERNICE R S N 5 MR E R T, *

EnhancedTransformerForSequenceClassification?® init (ZE|}btech flags (Ffic



module order) &module configsZ W/ EY 2 — N DENLA A Y v AU & EEfE. current_dim
D EME T Y v 7 ZFEICHIH, * forward X Y v FIZE) 2module orderllft->7-EY 2 — VD&
K, £ 2— )1 (FfiZlast_hidden state & il 1) DNV BV V70 Fu s F 7H#HHE
o DRBISEN IN GGG EEANOUINEZaY y 7k B, HBla— FeBEE 8 2 THL
BH, *3.2. €Y 2—)VA : BT 7 a VW (SemanticConceptModule): (7—F% 7 7 F v X, #,
FEIND AT A—5 WfFS s A, WRRTG 7 &2 3R * 3.3. €Y 2 —)UB & [EEEIJERT
JUBEE Y 2 —)L (DirectNonCommutativeModule): ([d] [) * 3.4. €Y 2 —)LC : Wifaflg€ 2 — L
(DiscontinuityEmergenceModule): ([l b, Ffic Witk & TAIFE 7 VA, oM, A7 7 X
Nz FB$ 2 2 L2 AT D5, BENKD MEEENLEEOMAGDLE TOAFE, LI TATT%
KW U 72 3R % Flid) * 3.5 €Y 2 —D : f#ERAiER A0 77 7fiREy 2 —L
(InterpretableHolographicReducer): (il b, [##if& 7w b &4 7, L3, ANE#REZ ED X H
BT B - MBIk T B D, ZD 7 0k ADXANC £ 9 HRRT 5 DA% FEB) * 3.6. 2 HIN & HIKBH
BZEHLEL, TV Py —x2 v F¥EE, 72720, RN ZSSGeR MBI O 7-  offipiiadke TiEr—4
WD EEHOTREIC O W, XD EFMICE T 5, )

4. FEERBUE (Experimental Setup) * (MLHTOHFRONEZ, LD BEMAENIC, X OFHE 03 HBLAMHEZ: L~V
Tiid) *4.1. F—% % » b:IMDb, IR - BGEE « 7 A b OIEMERSEFE L IVEEHE, keI T—
Sy PERBEALZD BEANEVIZ R, BEEY 2 — VOMEMGEIE L TW 3B R L) , *
4.2. FHlFEES: E R IV OE &, EVEFEM O BARN 28l & FIE,  * 4.3. FEERHEIR
(experiment_configurations EO~EI18): * &= TDOIEHEK (E0~EI8) & ZDi%E (module order,
use ... module”7 77, FEL2a—VDFEENAN—RFIX—F) F LDIREREK (TableX) & LT
PR, SRR OEXZ BERICHH, * 4.4, IEIN A 8= 7 X — & L FERETER: GEAIZ EED)

5. Wik & %% (Results and Discussion) * 5.1. & RIRTHR OA I & T84 78 0 * Table Y & LT, 25
D B HEHi RS (Accuracy@Epoch3, Best Accuracy, Final Eval Accuracy, Corresponding Loss7: &) Z % & &
TRA R Z IR, MalWAESREORED (TiEchiud) . *KB,C,D..& LT, THAHER (H:
R=Z2 74 v, EHMEY 2—)L, IOWREDORD > %E6, 0 77 7HiH%7% &) D AccuracyLoss % L
32877 70, b o Bt GIEEE vs BREHK) 2308, * §EllZ b & B5: * R—2 7 A4
YOV R HENE L LT, FHEY 2 —L (E1-E3,E16) 238D X ) A8 e 5.2 70 (MRgA . (KT,

SR OB E) . *2EY 2= UK (B4, E5, E9-E12) DFEERED» S, €Y 2 — LD IEF K
FHECOWTHDE 250, *3EY 2 =)L (E6-ES, E13-E15) D& 5, MO EUL s> flasbt
(E6) L Z DU ZEL EHE, B MONEF TIEERNS 7D ? * Fu 77 7HEHE Y 2 —L (El6,

E17,E18) DzhH, KHICE17 (E6DIR&ZICHEM) L E6Z K L, fEAERE & £BHD a7 FXICE 23
WL G, EI8D X I RS BR T /T 7RO HEM: L E, * afkadE LT, TEWSURREL, 238
DR TIRDER SN LI IR A 20, ZORYIIAMD, *52. XADEWE (F74 PRy 7 280480 12
BI9 2 BT (P 2 — 20T, b AEE > Mz DI ikl 2 2R) * (UETOE 170

52.1~522, 53.1~532, Z LTWifiAIFE 2 —L A0 7S 7HiHESY 2 — LDz, EBEOEERT
FonkThs ) HENAE T&8o& ) Tl 2HERLCANT T2, MoX vy 7> a v HEE, )4
ZIE, TERERICE VT, 2B Y IAXEDH LI 25, BRT 7 a YEEEIZOO & v ) i
BERIEMHALL 2228, FEHLIEE 2 2 — VAN L W NEF S Y —v 2 L, R&IICHitgli ey 2 —
ADBooE W AIFET RNV EER LR, R=274 v EIZERLZHWICEST (HD Wi, KABRELT

oD, ZOMY AL E) , TR ERBT S, o BRI, *5.3. TRKRREEEAE
JR(SSG) s DBLEH & DY B 5 * SR D FEER T & Nk 4 e pRIFEE (RS, FEvHhit, Wi
fozx a7, AIFET L, SIS X 2 HEREID) 13, BEMOBET TERESE, oW LEA50? x 2
NORFEDRE THhT7A4 PRy 72 8T, AHDERSCREEEGEDRH 20?2 * TNODHEEEZ ED X
JIcHAaGbEIUL, KOV ER—-E L TEHELE ~NLRBEIEONIDDREYE, *54. KAFEORA L



GHDIFANDRE FURDIZ Ky 7, FEDT =%y bR R, k&S D7F—%, =Ky 7,
ANR=INFGRA—=FF 2=V T DREWR L)

6. i (Conclusion) * AWFZECTHEZE - FHli L 72 2 B EREWHEE Y 2 — VO B H 2R H (IRDELEL -
. XADBHEANOEBRO A2 &) 288, * b7V A7 1 —<—DHIAER & XALEHMEDFHIC
M7, K770 —FOuIHN G L . SHEOUZERFEICE T 2 BN 7288 2 g IR %,

7. 5%OPE L EH : N & DILEL % HEE L 72SSG\ (Future Work and Vision: Towards Co-evolving SSG
with Humans) * 7.1. Z MDAV IED  FE Y 2 — IV DFGHYR & BN A =T X —Z ik, *

7.2. TBHIIC & 2 FEE BRI OF A L Hili: FHRAIE LI EZ o 5 7 & O BRI ikt R, *73. Tk
T —% ) WD 7 e —F O BEROER L 74 77 Ch 5, AHEPMNEG L7 MRS,
* AL OTF -8 2 ED X ) ITEEL ., SSGRRERIN A TR EE Y 2 —Ly OEEICE ) IEH
LT 20BN 5, *7.4. TSSG (EMMHEEIK) €2 2—)V) DRIER EE TAR & DIt
by :* S OFERRIISSGORBEELZDWGEETH -7 Z L 2B, TNo e - FBEIE T, HiT TAMD
38y ELTHERE L. AIDME(L & ARIOBRD ¥ 4 LA — V%S 2SSG%E £ ) ML T DR
YRGS, * I, BEKOZEMOHETSH 5 TP2Px v ¥ COMIRELAGL . AIDFEY X
7 2 L. ALE NRIDSEERIVICHAE - ST E 2ASRICE ) B35 D0 ZOEY 3 v 2Rd, *175.
flty 22, 5. 2IVFE—FN~DEFHHENE,

ma7r7Vv—yavidia—F

+ L0
# Ll (ky b7y 7L — 2 VEEE)

#EEIA TV EET A VAL LT = RIREICT B
Ipip uninstall -y transformers accelerate peft sentence-transformers datasets -q

#HEN—Ta v TIATIVEA 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 # <--- accelerated/N— a2 ¥ %#0.25.01C[H%E (F 721%0.26.1)

# EHEEHEHT 2720120 — %)L % FidE)
import os



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

)1

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

)2
#--—-2N2: 94T FVDLVE—}F -

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

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

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

import numpy as np
from sklearn.metrics import accuracy_score # FAfifEEEEH5H

import itertools # FEERGEA LM (FFNEFENE R 2 O THE ICIIAZETT 23, FERIVICHE ) vRgtED)

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

# import json

# import time

# import datetime

#(b L2777 il £ 2179 %éid, matplotlibZza &d 2 2T Y H— 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.")

L3

#--- 2IL3: FREE - BN T A= -

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

# - FERMN 22 EE -

BASE_MODEL_NAME = "bert-base-uncased" # ~X—2 & 7 2 = EF AT TILDLHET
NUM_LABELS = 2 # MY AT D5 VB B: IMDb7Z & XY F 4 T/ 2H T4 7T D2)
OUTPUT_DIR_BASE = "./experiment_results/" # FZEFEEOHBIER—2F4 1L 27~

# - AR 2N A X=X =5

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

# CPUETOBEAIZINI D 10212 L\ EIEFICEOTEEESH ) £ 7
NUM_EPOCHS = 1 # ATy 7B RN R ETTA R L, B GUEHDT)

#-- b= FAF—LETILHEDT—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 # T 7 —3FEA L 72 o MR & {5 1k

try:
print(f"Loading Hugging Face model config for {BASE_MODEL_NAME]...")
hf_model_config = AutoConfig.from_pretrained(
BASE_MODEL_NAME,
num_labels=NUM_LABELS
# IS U Tlod AutoConfigd /8 5 X — % ¥ & 2 CikaE il fE
# #l: finetuning_task="text-classification' 7z &£



)
print(f"Model config for {BASE_MODEL_NAME} loaded successfully.")

except Exception as e:
print(f'"Error loading model config for {BASE_MODEL_NAME}: {e}")
raise

print("\n--- Cell 3: Basic/Common Settings Defined ---")
print(f'BASE_MODEL_NAME: {BASE_MODEL_NAME}")
print("fNUM_LABELS: {NUM_LABELS}")
print(f"'OUTPUT_DIR_BASE: {OUTPUT_DIR_BASE}")
print("LEARNING_RATE: {LEARNING_RATE}")
print(f'BATCH_SIZE: {BATCH_SIZE}")

print("fNUM_EPOCHS: {NUM_EPOCHS}")

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

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

4
# - kN4 F—F &y FEE L compute_metrics BIBDERE (AHERK) ---

from datasets import load_dataset

from sklearn.metrics import accuracy_score
import numpy as np

import torch

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

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

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



#3. 7%y bDL—07FAX
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 — % X v b OHEfi & h 7 L HEIE
try:
# 'label' /1 7 & % 'labels' 12V % — A
if 'label' in tokenized_train.column_names and 'labels' not in tokenized_train.column_names:
print("Renaming 'label’ to 'labels' in tokenized_train...")
final_tokenized_train = tokenized_train.rename_column("label", "labels")
else:
final_tokenized_train = tokenized_train
if 'labels' not in final_tokenized_train.column_names:
print("Warning: 'labels' column expected but not found in final_tokenized_train.")

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

# - Sokok AENREBHRHO T =53 v 7V % 2 2 TRE dokk -
NUM_TRAIN_SAMPLES_FULL = 10 # #: 10,0004 (¥ 7-1Z len(final_tokenized_train) ¢4{})
NUM_EVAL SAMPLES FULL = 2  # #l: 2,500f4 (¥ 7-1Z len(final_tokenized_test) T4:)

# 70— VL LT train_dataset & eval_dataset % £

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

)

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

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



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

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

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

# 5. FHEHEEEI RIS OER (TN 77V Y MIERIDE FERLTELTHRY)
def compute_metrics(eval_pred):

logits, labels = eval_pred

if labels is None or len(labels) ==

print("--- Inside compute_metrics: Received no labels or labels is None. Returning empty
metrics. ---")
return {}

predictions = np.argmax(logits, axis=-1)

accuracy = accuracy_score(labels, predictions)

metrics_dict = {"eval_accuracy": accuracyy}

#--- TNy TR v b (RIEEARHEZ 22X P77 FLTHRY) -

# print(f"--- Inside compute_metrics ---")

# print(f" eval_pred logits type: {type(logits)}, labels type: {type(labels)}")

# if hasattr(logits, 'shape'): print(f" eval_pred logits shape: {logits.shape}")

# if hasattr(labels, 'shape'): print(f" eval_pred labels shape: {labels.shape}")

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

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

# print(f" Calculated accuracy: {accuracy}")

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

#-- CZFETTNYIHTI b -

return metrics_dict

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

)5

# - kU5 EWRT T a B (SemanticConceptModule) DE T ---

import torch

import torch.nn as nn

import torch.nn.functional as F

# from transformers import PretrainedConfig # model_confign>#it > + ] (6372 5)



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

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

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

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

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

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

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

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

contextual_concepts = torch.matmul(attention_weights, self.concept_prototypes)

projected_contextual_concepts =
self.activation(self.concepts_to_integrate_proj(contextual_concepts))

fused_hidden_states = hidden_states + projected_contextual_concepts

if self.input_dim != self.output_dim:

output = self.final_projection(fused_hidden_states)
else:

output = fused_hidden_states

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



def get_output_dim(self):
return self.output_dim

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

+ L6

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

import torch.nn as nn

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

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

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

)

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

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

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

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

if seq_len < 2:
# print("Warning: Seq_len < 2 in DirectNonCommutativeModule...") # %% 7 5 R
if self.input_dim == self.output_dim:
return {"last_hidden_state": hidden_states, "non_commutative_effects_map": None}



else:
if not hasattr(self, 'final_integration_projection’):
temp_proj = nn.Linear(self.input_dim, self.output_dim).to(device)
return {"last_hidden_state": temp_proj(hidden_states), "non_commutative_effects_map":
None}
return {"last_hidden_state": self.final_integration_projection(hidden_states),
"non_commutative_effects_map": None}

non_commutative_effects_at_each_step = torch.zeros_like(hidden_states)

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

fused_hidden_states = hidden_states + non_commutative_effects_at_each_step

if self.input_dim != self.output_dim:

output = self.final_integration_projection(fused_hidden_states)
else:

output = fused_hidden_states

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

def get_output_dim(self):
return self.output_dim

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

7

# --- kL7 WikaAlF € ¥ 2 —)L (DiscontinuityEmergenceModule) D EF ---

import torch

import torch.nn as nn

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

class DiscontinuityEmergenceModule(nn.Module):
def __init__(self, input_dim, output_dim,
semantic_dim_for_discontinuity=12,
emergent_label_dim=24,
dropout=0.2,
model_config=None,



module_specific_config=None
):
super().__init__()
self.input_dim = input_dim
self.output_dim = output_dim
self.semantic_dim_for_discontinuity =
module_specific_config.get("semantic_dim_for_discontinuity", semantic_dim_for_discontinuity)
self.emergent_label_dim = module_specific_config.get("emergent_label_dim",
emergent_label_dim)
internal_dropout = module_specific_config.get("dropout”, dropout)

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

)

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

)

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

)

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

self.output_dim)

elif self.input_dim != self.output_dim:

self.integration_projection = nn.Linear(self.input_dim, self.output_dim)

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

def forward(self, hidden_states, attention_mask=None, **kwargs): # hidden_states %
input_features 7> & 28
batch_size, seq_len, _ = hidden_states.shape
device = hidden_states.device



semantic_features_for_discontinuity = self.feature_to_semantic_for_discontinuity(hidden_states)

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

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

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

# combined_for_discontinuity 7% ] H

emergent_labels_sequence = self.emergent_label_generator(combined_for_discontinuity)

output_features = hidden_states

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

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

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

#.. (D7 5 =Ny 7 RRgGHE O Yy 7 IZDTD 2 — Rz 2H)

elif self.input_dim != self.output_dim :

if not hasattr(self, 'final_projection_fallback'): # __init. TEZR L TELXRE
self.final_projection_fallback = nn.Linear(self.input_dim, self.output_dim).to(device)

output_features = self.final_projection_fallback(hidden_states)

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

def get_output_dim(self):
return self.output_dim

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

L8

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



import torch.nn.functional as F
# from transformers import PretrainedConfig # model_config?®#lt > b F] (HE 7 5)

class InterpretableHolographicReducer(nn.Module):
def _init_ (self, input_feature dim, # HiDOFEED & DR 7 F L DRI
num_key_concepts=16, # 8L T 2 BEWAES OB (7 b A EITHY)
reduced_dim_per_concept=64, # P& OMHEZE X7 P LRIt
model_config=None,
module_specific_config=None):
super().__init_ ()
self.input_feature_dim = input_feature_dim
self.num_key_concepts = module_specific_config.get("num_key_concepts", num_key_concepts)
self.reduced_dim_per_concept = module_specific_config.get("reduced_dim_per_concept",
reduced_dim_per_concept)

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

)

nn.init.xavier_uniform_(self.key_concept_prototypes)
self.reduction_projector = nn.Linear(self.input_feature_dim, self.reduced_dim_per_concept)
self.final_output_dim = self.num_key_concepts * self.reduced_dim_per_concept

print(f"InterpretableHolographicReducer initialized: input_dim=({self.input_feature_dim}, "
f'num_key_concepts={self.num_key_concepts},
reduced_dim_per_concept={self.reduced_dim_per_concept}, "
f'total_output_dim={self.final_output_dim}")

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

reduced_concept_vectors_list = ]
# KEMEE 7 0 b YA T TANIY = v AL D O 1R K
for i in range(self.num_key_concepts):
# (batch_size, seq_len, input_feature_dim) & (input_feature_dim)
concept_specific_attention_scores = torch.matmul(
hidden_states_sequence, self.key_concept_prototypes|i].unsqueeze(-1)
).squeeze(-1) # (batch_size, seq_len)

if attention_mask is not None: # /SF4 v 7% <A 7

concept_specific_attention_scores =
concept_specific_attention_scores.masked_fill(attention_mask == 0, -1e9)

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

# 2D = A T hidden_states % B AN ZH (BERICEET 2 3URR 27 b )



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

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

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

# ZOEY 2 VIS NAEERR Y PV RIRT
# ZNDBMRIED TR DIELD AT E 70 %
return {
"last_hidden_state": final_reduced_representation,
# "concept_attention_weights": concept_global_attention_weights # (4 7> a v) &k LTE
DY TEMEAL L 72
}

def get_output_dim(self):
return self.final_output_dim

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

19
# - R IVA: Hi&E 7V EDebugTrainer® € (A1 7' 7 §EHE S 2 — IV GHR) ---

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

from torch.nn import CrossEntropyLoss

import torch

import torch.nn asnn # nn  Z 2 CA Y HR—F LTEL LHEH

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

FOUTOAATLEY 2=V T TR, ZNLHHETDXIL (L5, 6,7, 7.1) T
#BCERIN TR L ERHIHREL £T,

# - SemanticConceptModule

# - DirectNonCommutativeModule

# - DiscontinuityEmergenceModule

# - InterpretableHolographicReducer

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

# --- #i4&€ 7L EnhancedTransformerForSequenceClassification ---
class EnhancedTransformerForSequenceClassification(PreTrainedModel):



def __init__(self, hf_config, base_model_name, num_labels, tech_flags=None,
module_configs=None):
super().__init__(hf_config)
self.num_labels = num_labels
self.config = hf_config # Hugging Face?®config4 7’3 = 7 + #{#17

# R=ZEFNDOU—FEHE

self.base_model_prefix = self.config.model_type

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

current_dim = self.config.hidden_size # X—2 €57/ DHIIRIC
self.tech_modules = nn.ModuleDict()

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

#WHT 2EY 22— VDOIHFZ BT FREV R T IUIZZY A T)
self.module_order = self.tech_flags.get("module_order", [])
self.active_module_names_in_order = [| # FEBRICHHL I Nz €Y 2 — LV DER % (£

# module_order IZfit > TEY 2 — L 2 HHHL
for module_key in self.module_order:
if module_key == "semantic_attention_module" and
self.tech_flags.get("use_semantic_attention_module", False):
scm_config = self.module_configs.get(module_key, {})
module_output_dim = scm_config.get("output_dim", current_dim)
self.tech_modules[module_key] = SemanticConceptModule(
input_dim=current_dim, output_dim=module_output_dim,
num_concepts=scm_config.get("num_concepts", 32),
concept_dim=scm_config.get("concept_dim", 128), model_config=self.config,
module_specific_config=scm_config # €2 2 — )VIEHHRE X TET
)
current_dim = module_output_dim
self.active_module_names_in_order.append(module_key)
print(f"{module_key} enabled and initialized. Output dim: {current_dim}")

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



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

elif module_key == "holographic_reduction_module" and
self.tech_flags.get("use_holographic_reduction_module", False):
hr_config = self.module_configs.get(module_key, {})
# InterpretableHolographicReducer 1% H & ®get_output_dim()TH /1Rt %K §
# input_feature_dim (& current_dim (57 J& o HS12%I0)
self.tech_modules[module_key] = InterpretableHolographicReducer(
input_feature_dim=current_dim,
# num_key_concepts & reduced_dim_per_concept (& module_specific_config 7> 5 JE
module_specific_config=hr_config,
model_config=self.config
)
current_dim = self.tech_modules[module_key].get_output_dim() # $#EjE D RKICIZ EHT
self.active_module_names_in_order.append(module_key)
print(f"{module_key} enabled and initialized. Output dim (classifier input): {current_dim}")

#fhDEY 2 —)Ld FEERICEINAEE

self.dropout = nn.Dropout(self.config.hidden_dropout_prob if hasattr(self.config,
'hidden_dropout_prob') else 0.1)
self.classifier = nn.Linear(current_dim, self.num_labels) # H#&4 7 current_dim T4 es Z #1HI{L
print(f"EnhancedTransformerForSequenceClassification initialized. Final classifier input dim:
{current_dim}.")
if self.active_module_names_in_order:
print(f" Applied modules (in order): {self.active_module_names_in_order}")
else:
print(" No additional tech modules applied (Baseline configuration).")

def forward(
self, input_ids=None, attention_mask=None, token_type_ids=None, labels=None,
return_dict=None, **kwargs ): # target_semantic_labels |& kwargs & EN2ED L SEL2 5



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

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

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

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

# module_order IZfE > TE Y 2 — )L % IERE
for module_name_key in self.active_module_names_in_order: # __init_ THEEZ#I{L Z 1172 )H
£ R+ %A
if module_name_key in self.tech_modules:
# print(f" Applying module: {module_name_key}")
# HolographicReductionModule (&> —7 ¥ 2 %ZIFHD | BEEEX7 ML &R THE
# ZNDADEY 2= VIES =T Y ARRZITIY , ¥ =7 v AR B THE
# Z D47l ix HolographicReductionModule 3% 12 module_order %Ik % &\ 9 Hifd
[ SO
# b Ligddc k28413, current_features DIGIRDIE D B 728, K ) EHE 7 HIGH HS 065

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 7
# HolographicReductionModule 2%#H S #117:854. current_features (ZBEIZ (batch,
reduced_dim) ® 17"
# Z2)ThuEEE, BEOCLS =27 v itk 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 — VOS] (BEIZ 7= ¥ T R)
# print(f" Using Holographic Reduction output as pooled_output. Shape:
{pooled_output.shape}")
else:
if current_features.ndim == 3: # (batch, seq, dim)
pooled_output = current_features[:, O] # [CLS] b—2 v Zfi[] (£ 713 fhd 7=V v )
# print(f" Using CLS token pooling. Shape: {pooled_output.shape}")



elif current_features.ndim == 2: # BEIC 7=V ¥ A DEGE Bl: BIOES 2 =L 7—=Y v
L7 5%)
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—2ZEFNOTERHNE, Y 2—H 5 ORI N2 BRI E D 5
# (GIENEY Y TNVICR=AETNVOEELRIDE, TP 2 =26 DBME ) %2iKT)
if hasattr(transformer_outputs, 'hidden_states') and transformer_outputs.hidden_states is not
None:
final_outputs_tuple += (transformer_outputs.hidden_states,)
if hasattr(transformer_outputs, 'attentions') and transformer_outputs.attentions is not None:
final_outputs_tuple += (transformer_outputs.attentions,)
if all_module_specific_outputs:
final_outputs_tuple += (all_module_specific_outputs,)

if loss is not None:

return (loss,) + final_outputs_tuple
else:

return (None,) + final_outputs_tuple

# --- DebugTrainer 7 7 A DEFH (L7 L) -
class DebugTrainer(Trainer):
def prediction_step(
self, model: nn.Module, inputs: dict[str, torch.Tensor | nn.utils.rnn.PackedSequence],
prediction_loss_only: bool, ignore_keys: list[str] | None = None,
) -> tuple[torch.Tensor | None, torch.Tensor | None, torch.Tensor | None]:
# print(f"--- DebugTrainer.prediction_step CALLED ---")
model.eval()
with torch.no_grad(): model_outputs = model(**inputs)
loss = model_outputs[0] if model_outputs[0] is not None else None
logits = model_outputs[1] if len(model_outputs) > 1 and model_outputs[1] is not None else None
labels_out = inputs.get("labels")
if prediction_loss_only: return (loss, None, None)



return loss, logits, labels_out

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

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

# 1. BiHE & 2 % 70— VAR DHER
required_globals_cell_B_full = |
'hf_model_config', ' BASE_MODEL_NAME', 'NUM_LABELS', 'OUTPUT_DIR_BASE/,
'LEARNING_RATE', 'BATCH_SIZE', 'NUM_EPOCHS',
'EnhancedTransformerForSequenceClassification',
'train_dataset', 'eval_dataset', 'tokenizer', 'compute_metrics',
'DebugTrainer’, 'Dataset’,
'‘SemanticConceptModule’, 'DirectNonCommutativeModule',
'DiscontinuityEmergenceModule', 'InterpretableHolographicReducer’
|
missing_globals_check_B_full = False
for var_name in required_globals_cell_B_full:
if var_name not in globals():
print("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. EEHRDER (BEROE Y —v + K50 7T 7HEHT A )
experiment_configurations = [

# - RN=ZX 74 -

{"name": "EO_Baseline", "tech_flags": {"module_order": []}, "module_configs": {}, "# HAGZE": ""—Z 5
A",
#--HPH—F 21— -

{("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": "HEW 757> a »"),

{"name": "E2_DirectNonCommutative",

"tech_flags": {"module_order": ["direct_non_commutative_module"],

"use_direct_non_commutative_module": True},



"module_configs": {"direct_non_commutative_module": {"output_dim":
hf_model_config.hidden_size, "dropout": 0.2, "internal_processing_dim":
hf _model_config.hidden_size}}, "# HAZE": "JETJ#4"},

{"name": "E3_DiscontinuityEmergence",

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

"module_configs": {"discontinuity_emergence_module": {"output_dim":
hf_model_config.hidden_size, "semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24,

"dropout": 0.2}}, "# HAGE": "WittalFE"),

# - 282 VDALY (HFEEE) -

{"name": "E4_SemAtt_then_NonComm",
"tech_flags": {"module_order": ["semantic_attention_module", "direct_non_commutative_module"],

"use_semantic_attention_module": True, "use_direct_non_commutative_module": True},
"module_configs": {"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128,
"output_dim": hf_model_config.hidden_size},

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size,

"dropout": 0.2, "internal_processing_dim": hf model_config.hidden_size}}, "# HAZE": "BHK 77> a v

— JER[H"),
{"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": "JETHL — HEk 77> a v},
{"name": "E6_SemAtt_then_DiscEm",
"tech_flags": {"module_order": ["semantic_attention_module", "discontinuity_emergence_module"],
"use_semantic_attention_module": True, "use_discontinuity_emergence_module": True},
"module_configs": {"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128,

"output_dim": hf_model_config.hidden_size},
"discontinuity_emergence_module": {"output_dim": hf_model_config.hidden_size,

"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAGE": "EWK 7 7
v¥oa v — WA,

{"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": "Wiugls — BW® 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}}, "# HAZE": "JEW]#a —
WAl 7E"),

{"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": "Wiffufl5E — JE0T
),

# - 3EY 2 LDHALEDYE -

{("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": "EWR 7 7
v¥oay — JEnf — WiifalzE",

{"name": "E11_NonComm_SemAtt_DiscEm",

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

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

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

"discontinuity_emergence_module": {"output_dim": hf_model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAZE": "JEW]#a —
EWR7 7 vy a v — Wiz,

{("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": "Wiffufl5E — =k
TT vy ay — AR,

{("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": "BHK 77> a v
— Wit 3E — JEnfHa"),

{"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}}, "# HAGZE": "JEN[H#L — WikaglFRE — BH 77> a v,
{"name": "E15_DiscEm_NonComm_SemAtt",

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

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

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

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128,
"output_dim": hf model_config.hidden_size}}, "# HAGZE": "Wl — JEAJHL — B 77> a v,

# - A0S 7T 2 — L EBELT A MK -

{"name": "E16_Baseline_then_HolographicReduction",

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



"module_configs": {"holographic_reduction_module": {"num_key_concepts": 16,
"reduced_dim_per_concept": 32, "reduction_type": "attention_pooling"}}, "# HAZE" "R—2 7 4 ~ — ik
0 7'7 7 fiik(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. 7Ja—nNVEED 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_dict[OUTPUT_DIR_BASE']

Ir = global_vars_dict[LEARNING_RATE']

bs = global_vars_dict[BATCH_SIZE']

n_epochs = global_vars_dict[NUM_EPOCHS']

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

ev_dataset = global_vars_dict['eval_dataset']

tok = global_vars_dict['tokenizer']

comp_metrics = global_vars_dict['compute_metrics']

dbg_trainer_class_local = global_vars_dict['DebugTrainer]

dataset_class_local = global_vars_dict['Dataset’]

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

model = enh_transformer_class_local(
hf_config=hf cfg, base_model_name=base_model_name_local, num_labels=n_labels,
tech_flags=tech_flags, module_configs=module_cfgs

)

current_output_dir = f"{output_dir_base_local}{config_name}"

training_args = TrainingArguments(
output_dir=current_output_dir, learning_rate=Ir, per_device_train_batch_size=Dbs,
per_device_eval_batch_size=bs, num_train_epochs=n_epochs, weight_decay=0.01,
evaluation_strategy="epoch", logging_strategy="epoch", save_strategy="epoch",
load_best_model_at_end=True, metric_for_best_model="accuracy", report_to="none",
do_eval=True, remove_unused_columns=False,
# save_total limit=1, # 714 A 7 KeEZ i 2856H

)

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"l!! An error occurred during training or evaluation for {config_name}: {e} !!!")

import traceback

traceback.print_exc()

eval_results_dict = {"error": str(e), "eval_accuracy": float('nan'), "eval_loss": float('nan')}
return config_name, eval_results_dict

# 5. 2 TOFEBRFERZ &M 2 8HF 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-—- XR—ZA 74V -

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 & &5 5A& 013 [FIAR) ...
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_SemAtt ---")

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 BRI L+ IEHR -

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 --- JEnHa+ IR 7 X)L -

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

exp_to_run_name_e5 = "E5_NonComm_then_SemAtt"

config_to_run_eb5 = next((config for config in experiment_configurations if config['name"] ==

exp_to_run_name_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£ % 7 0 — 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 fllFE + 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 # #5H % 70 — )UEEE &N
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 ——-JEn[ffa+ Wrfnalss -

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 # f55% 7’0 — U REE KA
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 # #5H % 70 — )UEEE &N
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 + JEn[H+ 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& 0 13 [AAR) ...
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---JEAfa+ 30k 7 7 > o a o~ + 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 # % 7’0 — L FEEITHEAN

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% 70 — U REE KN
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

# B13--50K 7 <)L + Wil Bl + JE i
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_e13)}' not found in experiment_configurations.")

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

El4

# 14 - JEn]ifa -+ Wit RlFE + 2R 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_elb:
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 # f5 % 7’0 — U REE KA
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 (f: 16): FhE E16_NonComm_SemAtt_Holo_DiscEm D947 ---

print("--- Executing Experiment E16_NonComm_SemAtt_Holo_DiscEm ---")
exp_to_run_name_el6 = "E16_NonComm_SemAtt_Holo_DiscEm"

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

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

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

E17

# - )L (fl: 17): %8k E17_NonComm_Holo_SemAtt_Holo_DiscEm D947 ---

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



E18

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

print("--- Executing Experiment E18_Holo_NonComm_Holo_SemAtt_Holo_DiscEm ---")
exp_to_run_name_el8 = "E18_Holo_NonComm_Holo_SemAtt_Holo_DiscEm"
config_to_run_el8 = next((config for config in experiment_configurations if config['name"] ==
exp_to_run_name_el8), None)

if config_to_run_el8:
# ... (run_ablation_experiment OFEONH L & &% 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

# - AV RIS RO < ) —FR L WS TS
import pandas as pd

import matplotlib.pyplot as plt

import datetime

import numpy as np # NaN# 9 7z &

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

# all_experiment_results_summary & experiment_configurations 737 2% X 11T V> 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.")
# ZOXINVLIEDO % Gl L 725413 raise NameError(...) & gt
all_experiment_results_summary = {} # 2¢DfFE & L TUBEZHT 2 (LR— FZRENICER D)

if 'experiment_configurations' not in globals() or not isinstance(experiment_configurations, list):
print("ERROR: 'experiment_configurations' list is not defined or not a list.")
print("Please ensure Cell B (or the cell defining experiment_configurations) has been executed.")
experiment_configurations = [] # 22DV A + & LB Z 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 fifEd%
#EY 22— L4 5 "use " £ "_module" 2RV bDEELRLET S
# f5: "semantic_attention_module" -> "semantic_attention"

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

# HRML7 7 7 HHER (XD THIC T 27%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_valZ% striZ
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 2’8ETH % Z & Z R
if isinstance(metrics_dict_value, dict):



row.update({k: v for k, v in metrics_dict_value.items() if isinstance(v, (int, float, str, bool,
np.number))})
else:
print(f"Warning: metrics_dict_value for {config_name_key} is not a dictionary:
{metrics_dict_value}")
report_data.append(row)

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

#--1.CSV7 7 AV & LTl T — 2 & T -
csv_filename =
f"ablation_study_final_results_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S")}.csv"
try:
report_df.to_csv(csv_filename, index=False, encoding="utf-8-sig')
print(f\nDetailed experiment results saved to {csv_filename}")
# from google.colab import files # ColabBREE T4 7 v u— N3 354
# files.download(csv_filename)
except Exception as e:
print(f"Error saving CSV: {e}")

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

report_text_parts_list.append('========================================")
report_text_parts_list.append(" 7 7L —3 a v FEERKE R E")
report_teXt_partS_liSt.append("::::::::::::::::::::::::::::::::::::::::")

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

report_text_parts_list.append("\n--- #5H 4 < 1) — 5 —7)L (DataFrame to_string) ---")
try:
report_text_parts_list.append(report_df.to_string(index=False, float_format="%.4f",
na_rep='N/A"))
except Exception as e:
report_text_parts_list.append(f"Error formatting table with to_string: {e}")

report_text_parts_list.append("\n--- EZE X b Y 7 A (eval_accuracy) DELRA ~ + ")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
report_text_parts_list.append("eval_accuracy 2B $ 2 AR FE SRR H D T8 A, ")



else:
try:
# 'EO_Baseline' 25{F#1E T % > fifEid
if 'EO_Baseline' in report_df['Experiment Name'].values:
baseline_accuracy_series = report_df[report_df['Experiment Name'] == 'EQ_Baseline']
['eval_accuracy']
if not baseline_accuracy_series.empty and not
pd.isna(baseline_accuracy_series.iloc[0]):
baseline_accuracy = baseline_accuracy_series.iloc[0]
report_text_parts_list.append(f"- X—2Z 7 £ > (EO_Baseline) ® eval_accuracy:
{baseline_accuracy:.4f}")

for index, row in report_df.iterrows():
if row['Experiment Name'] != 'EO_Baseline' and pd.notna(row['eval_accuracy']):
change = row['eval_accuracy'] - baseline_accuracy
change_percent = (change / baseline_accuracy) * 100 if baseline_accuracy !
= 0 else float('inf")

report_text_parts_list.append(
f'- {row['Experiment Name']}: eval_accuracy = {row['eval_accuracy']:.4f} "
f"(R—2Z 7 4 v Ik: {change:+.4f}, {change_percent:+.2{}%)"

)

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

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

report_text_parts_list.append("\n--- EVEMR 2 E2E (F]) ---")

report_text_parts_list.append(" (Z Zi2, HFEZ 2 — L DORIER, BE D AT 2 B8 0 A1k
Rl BHEZ T CRR AR WEZ 2R L £9) ")

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

report_text_parts_list.append(" WMEEHBEDD"

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

final_report_text_content = "\n".join(report_text_parts_list) # %4 % 25 #H
print(f"\n{final_report_text_content}")

report_filename_txt =
f'ablation_study_summary_report_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S")}.txt" # %
ey T
try:
with open(report_filename_txt, "w", encoding="utf-8") as f: # Z¥ % %% H
f.write(final_report_text_content)



print(f\nSummary report saved to {report_filename_txt}")
except Exception as e:
print(f"Error saving text report: {e}")

#--3. FEX MY 7 AD 7T 74t (eval_accuracydiE s 7 7) -
print("\n--- Generating Accuracy Comparison Graph ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
print("No valid eval_accuracy data to plot for the graph.")
else:
try:
# NaN% 7’1 v FEHICOICER (B 2 W I1ENaNZ FRIb 9 2 AHE & e ))
accuracies_for_plot_graph = pd.to_numeric(report_df['eval_accuracy'],
errors='coerce).fillna(0.0) # 2% 4 % 255
config_names_for_plot_graph = report_df['Experiment Name'] # 224 % 2

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

bars = plt.barh(config_names_for_plot_graph, accuracies_for_plot_graph,
color="lightcoral') # &% %W

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

plt.ylabel("Experiment Configuration")

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

plt.gca().invert_yaxis()

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

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

plt.tight_layout()

graph_filename_png =
f'eval_accuracy_comparison_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S"}.png" # Z%¥ %
¥l

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

print(f"Accuracy comparison graph saved to {graph_filename_png}")

plt.show()

except Exception as e:

print(f'"Error generating graph: {e}")

import traceback

traceback.print_exc() # T 5 —ZEfl % £R

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

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



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

-—— DataFrame for Report ---
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R R S Ve
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Experiment Name \
E0_Baseline
E10_DiscEm then SemAtt
E1l NonComm then DiscEm
E12 DiscEm then NonComm
E13_SemAtt DiscEm_ NonComm
El14 NonComm DiscEm SemAtt
E15 DiscEm NonComm SemAtt
E16_Baseline then HolographicReduction
E17 _E6_then HolographicReduction
E3 DiscontinuityEmergence
E4 SemAtt then NonComm
E5 NonComm then SemAtt
E6_ SemAtt NonComm DiscEm
E7 NonComm SemAtt DiscEm
E8 DiscEm SemAtt NonComm
E9 SemAtt then DiscEm

Enabled Modules

Baseline

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

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

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

Module Parameters

N/A

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'

eval accuracy
0.5
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\



14 direct non commutative Params: {'output dim':
15 discontinuity emergence Params: {'output dim':...

= =
. .
o o

eval _loss eval runtime eval samples_per second eval steps per_ second

0 0.688699 1.8776 1.065

1 0.736395 1.6775 1.192

2 0.616950 4.9560 0.404

3 1.023794 3.3342 0.600

4 0.567012 2.2478 0.890

5 0.764114 2.2710 0.881

6 0.607204 2.2465 0.890

7 0.906949 2.1855 0.915

8 0.678603 3.0142 0.664

9 0.868324 1.9046 1.050

10 0.963613 3.0502 0.656

11 1.116018 2.2061 0.907

12 0.685527 2.4085 0.830

13 0.814655 2.4238 0.825

14 0.536180 2.2108 0.905

15 0.590823 1.7185 1.164
epoch

0 1.0

1 1.0

2 1.0

3 1.0

4 1.0

5 1.0

6 1.0

7 1.0

8 1.0

9 1.0

10 1.0

11 1.0

12 1.0

13 1.0

14 1.0

15 1.0

Detailed experiment results saved to
ablation_study final results_20250529 042318.csv

77—y a3 yRBRRERREE

WEHR: 2025F05H29H 042340 18%

-— EBRHE -
FHE U foEERERE: 18

R—XZ4>YET): bert-base-uncased

-— ERYYY—FT—T)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
EO_Baseline
Baseline

1.
.192
.404
.600
.890
.881
.890
.915
.664
.050
.656
.907
.830
.825
.905
.164

HF OO O O0OO0OKFF OO0OO0OO0OOOoOOoOLRr
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\



N/A 0.5000 0.6887 1.8776 1.0650
1.0650 1.0000
E10_DiscEm then_ SemAtt
discontinuity emergence -> semantic_attention
discontinuity emergence Params: {'output dim': 768,
'semantic_dim for discontinuity': 12, 'emergent label dim': 24, ‘'dropout': 0.2};
semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output _dim': 768} 0.0000 0.7364 1.6775
1.1920 1.1920 1.0000
E1l_NonComm then DiscEm
direct non_commutative -> discontinuity emergence
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2} 1.0000 0.6170 4.9560 0.4040
0.4040 1.0000
E12_DiscEm then_ NonComm
discontinuity emergence -> direct non commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2} 0.0000 1.0238 3.3342 0.6000
0.6000 1.0000
E13_SemAtt DiscEm_NonComm
semantic_attention -> discontinuity emergence -> direct_non_ commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output _dim': 768} 1.0000 0.5670 2.2478
0.8900 0.8900 1.0000
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

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

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

+100.00%)



- E12 DiscEm then NonComm: eval accuracy = 0.0000 (N—XZA2i: -0.5000, -

100.00%)
- E13_SemAtt DiscEm NonComm: eval_accuracy

+100.00%)
- El14 NonComm DiscEm SemAtt: eval accuracy = 0.0000 (N—XZ- Vlk: -0.5000, -

100.00%)
- E15 DiscEm NonComm SemAtt: eval accuracy

+100.00%)
- E16_Baseline then HolographicReduction: eval accuracy = 0.0000 (N—XZA V:

-0.5000, -100.00%)
- E17_E6_then HolographicReduction: eval accuracy = 1.0000 (N—XZA Vik:

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

1.0000 (N—XZ->: +0.5000,

1.0000 (N—XZAVH: +0.5000,

100.00%)
- E4_SemAtt then NonComm: eval accuracy = 0.0000 (N—XZ- Vlk: -0.5000, -
100.00%)

- E5_NonComm_then SemAtt: eval accuracy = 0.0000 (N—XZ- Vlk: -0.5000,
-100.00%)

- E6_SemAtt NonComm DiscEm: eval accuracy = 0.5000 (N—RX T4 YVLib: +0.0000,
+0.00%)

- E7_NonComm SemAtt DiscEm: eval accuracy = 0.0000 (N—RXZ- Vib: -0.5000, -
100.00%)

- E8 DiscEm SemAtt NonComm: eval accuracy = 1.0000 (N—XZ-4 >ib: +0.5000,
+100.00%)

- E9 SemAtt then DiscEm: eval accuracy = 1.0000 (N—XZ42: +0.5000, +100.00%)

--- EEMGER B) ---
(CZle, BEI21—-IOHRP, HEDADICH I 2FHORRE, BELITTRREZABRVWERZ IR
LEXY)

WESERDD

Summary report saved to ablation study summary report 20250529 042318.txt

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