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

"XAL? 7 b A L DFRAIAA & flivE

ORI ME AR RIS 2 13 - AL~ D — 23

T avy—7 FX4&ME&H
B F &

polyp@ webman.jp

(20254 5 H 30 H Bl Hb I§ [ JST)

77 A7 b (Abstract / $985%)

BROFF VA7 4= —FTNIEE L DY A7 TEOHRBEZER LTV, Z0HB 7mXL 2D
BB (77 v 72Xy 7 21) 12, AlofEH#ENE, et EZRIC f%@ﬁ%&%ﬁf%%
T, AHD & 9 BRI SURD M, FEEROB S IZKA L LTHEZR EICH
ﬁﬁ% I, IS OFEICK L, AT A2 T § 2 7 DR HIT & LT, biyx7z—
BB OGN TEWHEELK (SSG) | EYa— L Z2EAL, ZDXALBEAN: L EE~DE
m%ﬁﬁiéo%%ﬁ%%/l—wﬁi\mmﬁﬁﬁtri%mm A IEHTS TEERT T
vyavEENE L Q=7 v —r v ARIDIEFF RS TIEREL: ) BIREER BB ICE T UL T S
MERWIET B E Y 2 —)L ) | Q)EERNZ T, 2L, 2 26874 TR, Bk
HEWE AT 2 WHEAIFEES 2 —L) . ZLT@ I NS DUBITCHE N v F L EwEGE 2., R
PRATREM: 2 5 L o D AIRINIC N T 2 TR+ e 77 7HiE Y 22—V, THD, TNoD
TP 2= L EZIMDUEE DI Z A 7 ICBIIBR=AFA4 Y b T VA7 —<—IfL hfladbe -
e L. SiENE T 7L —va v 29574 2FEML 7=,
FEEROFER, [Z ZICEO~EISDEERD 6156115 ik b HE 28 BV I 2 BARIMIC G, #l : FE
DEY 12— N DEBIHLAGHE, FHCEWRT 7 v > 2 U2 BRIl L, JEvaus,
MOBIFE A % e\ 72 (B6) 23, R—ZA F A ¥~ (Accuracy X.XX) VU9 28 (Accuracy
Y.YY) R L7, OBMEY 2 — oo AGHLE TIIERIE T b Ronkd, iy
DBEMERCTSTOEY 2 — VikGTOMEZ RE T 5, A8 7T 7HHE Y 2 —vid, AY L% EESE
DRAKBITHEH T 5 2 & T, B EORICEZ 2% L o>, MHEEE T 2 Wl NIt 3
(b2 VIFRESET TR ET2) AIEEEER L2, & &,
61T, BEY 2—VONERIRE (G L 72 2%, JERHI R D 8 — v Wi 2 2 7 & A5
7LD BRG], BT e b YA ToEEERZE) oS EZEL T, 2’ e T L0
Wi 7’m e RO (F 74 F ARy 7 ZLDEAA) ICED K I ICHBL ) 202 BAENAFHI L &b



L%, AR, BW7 Ty a UHEREIRRE O RGBT 2 a2 8 L, JEN LI IZ SC ok
WSR2 R L. WA E Y 2 — L3 L ¥ a2 — NS Oz Rme 3 2 B2 48 L 72,

o AKBFEIZ. FIVARATA——DT Ty IRy 7 A%RERK L, XD EOERIE, kI nE
HLHL SR e HEERS . 2 U ORI 2 B2 A & oo L 2 D152 TSSG.
DEBICT 72, ZREEY 27 —7 7 u—FOERNZREGEE FE8, FHiiAE. 2 LTZown
AN EHE R IR T 5,

¥—U—F: FI VA7 x—2—, XAl (GIHATBEZRAD | EMHAHGEA K (SSG). BEEN=2—J %y F7—
7. BWRT T vy oa v, EAatE, BIRNER, Ao 74y 7EE, 77—y av Ay T, ARk
AlD AL

1. )i (Introduction) * 1.1. 55t EWMFEDENE: * F 7V A7 r—~—DHRE, 20 THIIDE, £ LTD
77y 7Ry 7 AM#E, BRHERORRENE, AMOBEBRCHFKE ORI O WT, RN AR5 HZ R
AR %, * XAIOEEWESUHEN 2, 2 2 BHRNAHHFECE R, ETUL7—F77F %
AR E 2 flaA L 7 70 —F OB Z ST 5, * BEKRD TAIABIDO YA LA 7= 6
WMok En, FBETIVAZ ) L) Baicftin, AlE ABDEERNIC THEl) 32 720 0Btz o
BERDPAHIEDORIRN 2B TH 5 2 L 2R, * 1.2, [BHERGE & AP HIN: * BN GEWROAREE
79928y P AW (EHEF S VAT —v—IF Az, AEL T 200 ? ZONERBLUZARICE -
TR D 2 D 2 FIWARILILEBTRED> 2 * BEA2 (B &P OB : 7 X A b 23RO IE T s
P EHHRO "W Lo BEEIE BROBBICARIRZDS, BN VA7 5 —v =TI A Tw
220 ? * N3 (Ao AE) LIMIcH o2 T7 R81%) O X9 RHlfREE 2B TlE 2z <. AR
Lo THIECIRAMRER TEDAE) (BENREIISCT7A 77 0FHKR) 28D X 5 Ifed 2 2 * [N
4 (FRBIOBEEE M) SRR ERERZIR ALY v F2REZ, ORISR L, B2 R0
Bl 2 =y L FNA ) TIEHARERTEICT 5252 * AFED HIW: FELOREREICN L, #EOHMWE
B E Y 2 — V2 BEENIC A G bR 7 TRRGEER (SSG) 1 7—F 77 F v 2IRET %, &€
Ta—)b (BT T vy a v, JERHLEL, WHEAIE, Fu 27 7)) 2, 2R EnRED TEROMIE
PRI, ZNOEZHAETEILET, b IV A7 34— —DXALEWEZED., oM HEE - 1 L3 w 3
CLZHET, KX TIE, TDSSGOEREL B2 KEY 2 —NVDRKGELE, ZNH6DT 7L —Y a v RY
T4 K DU R G 2 ]G T 2, * 1.3 REFEROMEL a2 P Ea—va v (FEY a2 —
NDDINTA T7 L, 2003 Eidd EQRERICIET 2 02 BHEIC, DEToE %2 X—R I Bifk(k) *
1.4 GOk (£ 7% L)

2. B2 (Related Work) * (LLETDE T D2.1~250NE%Z . BEMEOIMEAM: & b X 874085 30d) * 2.1.
XALLE b7 VA7 4 —2—DER gt LR MEF RO R (FRWEHE, REN 2GR L)

&L AMEDT—%T 7 F % L L TOMPATREVEER DB W 2 50EH, *2.2. b7 Y A7 4+ —2—~ODHil
TSRO : BEFEDEICED X I & THE ) ICEHLTw S (B A5k 7 7. WSOK) I,
KRR S TEWES,  TIERMaYE, T, & wo G0 HAas b OMAEZH L 2, *
2.3, IERES - REERBIOH: W OBHERIIEE ok, Ao TEWM&E 7 4 7, % Tl
FEW® T V) 23, X0 B CRERATRE 2 R 0 EA 2 HIF T 2 I, *24. =2—F) %Y b
7 — 2128 BMUFE - JEnfa: - Wit efTifRcED L S BT Tu—F s, ED X ) R
ERAND o 72 M, RSO THEBENIEHLE Y 2 —)L )  TWiiaIFeY 22— oMl
S, * 2.5 WHUEML. X7 ML YR 2T —F T2 F 2 (VSA). FRT T 74 v 7 EBL HRR%Z EDVSA
DA FRRICHHL, ZNoP=2—F 0%y b7 =2 L EDLIIHAEINI 50, ERAWED T
WAEZ% A1 77 7fRE Y 2 =)L) BINSDXARTED L I AF L VIRATH 202 1BR 2, *2.6. Al
il & AN & ATDIEE(L: BEROEY 3 v 2 KL, A0 HIE T SSGRRERkN 2P E €y 2 — L
23, AL HAE & A OHIE - BfEDO N T v 22D, LK DR TEETE AL OV TEAM & T
ZAIDEFUCE ) EEL 9 20 DEHE %2, BIES 2 #4219 - B D # £ 2 Chdid,



3. RETIEHE - 2R BRSNS 2 —)L (Proposed Multi-Tier Semantic Structure Generation Modules)
BLIEAT—F T I F v ERAGIVL—LT—2
(EnhancedTransformerForSequenceClassification) * [X[1 & LC, ~X— A Transformer | # £ D £
Y 2 UHEIE - BRI S N s ek iR, *
EnhancedTransformerForSequenceClassification® init 2|} Stech flags (FfiC
module order) tmodule configsZ MW7 EY 2 —LOBEINAEA v A Y v AL LEHt, current dim
Dyl ERET Y v 7 ZFEIICEIH, * forward X Y v FIZE 1} bmodule order!lf->7EY 2 —)LDF
KA, %€ 2— 1)1 (FfliZlast_hidden state &ffiIH)1) DNV BV 70 Fu s g 7#fHE
Va—VBREICEHN SN0 0B AoV EZzay y 7 8, FEla — PR 222 2Tl
BH, *3.2. €Y 2—)VA: BT 7 a VB (SemanticConceptModule): (7 —F% 7 7 F v X, #,
FEINDG NI A—=F BFFI N5 A, IRITE R £ 23l R0D) * 3.3. €2 2 —)UB & [EEERIER] i
JUPEE Y 2 —)L (DirectNonCommutativeModule): ([F] [) * 3.4. €Y 2 —)LC : WifaflIFg€ 2 —L
(DiscontinuityEmergenceModule): ([d] ., Fric Wik, & TAIFE 7 VAR, o A5 7 X
WM ZRBLT 5 2 L2 HIET D, BEKED THEBREN L ERZOMAGHLE TORIFE LWITAT T %
SR L 72 35BN % Gd) * 3.5. €Y 2—)UD : R A0 2T 7Hiley 2 —L
(InterpretableHolographicReducer): ([l [, #7054 7, Lidfld, AJERZ ED X
ICHBERICERY - ST 200, 2D 70k AMBXANC E ) Bk T % D% 3EB) * 3.6. R HIK & K
BeEHER L, =Y Py —xy F¥E, 72720, FERNLSSGOMmEEREfE D 72 & OffibiEk e TIEFT—2% |
WD EFE ORI oW, XY BARICE RT3, )

4. FERZUE (Experimental Setup) * (LAHTOEH FRONE %, X 0 BAIIC, X D8 D HEAREZ L ~b
Tit) *4.1. T =% v b:IMDb, Flff « BEE « 7 A b DIEMERGE G &V IVEERE, B 07—
Ty b BEALD (BESITEV)Z AT, BEEY 2 —VOMRBELICE L T 28k L) , *
4.2. Ml FEEE: E mVEER O E RN, EVERRHN O BAARN 2 BLR & FIE,  * 4.3, TR
(experiment_configurations E0~EI18): * 2 TOFEEMK (EO~E18) & Z D#FE (module order,
use ... module?7 77, FEL 2 —NVDFEENANR—RIRX—=F) 2FLDIRELFE (TableX) & LT
PR, SRR O R 2 EERICEH, * 4.4, LGB A N—3F X — % L FEEEER: GEATIZEEIR)

5. Wik & & %% (Results and Discussion) * 5.1. & RIRTIH O A & R8N * Table Y & LT, 255
KD B EH RS (Accuracy@Epoch3, Best Accuracy, Final Eval Accuracy, Corresponding Loss7: &) Z % & &
TR a R 2R, HEMABEEREDORED (WEThiud) . *KB,C,D..& LT, FELREL (] :
R=2A74 v, FHPMEY 22—, ROMUBEDOREDPS7E6, m1 7 F 7R 7 E) DAccuracyLoss% [t
B 2877 7%, AlrhorEHihig GIBEE vs BEEEE) 2R, * Aot & H5: « X—2 54
YO ERFEREL LT, FHMEY 2 —)L (EI1-E3,E16) XD X ) L #E%E 5.2 -7 (Mfgm b, KT,
AR AR FOZBLY) o *2E Y 2a— )UK (B4, ES, E9-E12) DR 6. €Y 2 — VIE ORI
FHEICOWTHAE 2 55, *3EY 2 — Ui (E6-E8, EI13-E15) DR 6. O EEL > llatbE
(E6) L Z DU ZEL EHE, B MOIEF TIEERNS 7D ? * Fu 77 7HEHE Y 2 —L (El6,
E17,E18) DXIH, FHIZE17 (E6DmBICH#A]) LE6% MK L . MiMs kR L KD a7 FSIchx2 3
WHE R, E1I8O X ) BL B0 77 7RO LV, *affkzdE L, TEUWSUREEL, 238
DREE TR OB I NI L) ICHZ 20, Z ORI, *5.2. XALEWME (K74 FRy 2 2849 I
B9 252 ER T (BT 2 — NI D0T, b HAYUE > MRz Dt ik lz 2 A) * (CLETOEFD
52.1~522, 53.1~532, Z LCWiHlIR T 2= & dn o 7HiME Y 2 — VOt % ., EEEOFERT
Fonz<ths ) BENE TRE) © Tl 2BELTAMITI T2, Ko* v 7> a v b&EHE, ) * i
Z1E. TEMRICE T, HE2RTHI Y IAXZ oL 2A, BRT7 TV a YHEEIROO & v )i
RRIEMEL L 7203, FERHRLBEE Y 2 —VDSAAN L W) IEFF RS — v 2R L, A& HICHHERIFEE S 2 —



ADood VLI RIFET XV EER L KR, R=2A 74 v L IFREZHWICES7 (HD i, AL LT
Mo lehy, ZOMY AVEMLT) o ZHUELLERBRT S, Lo ERNARGR, * 5.3, TEREEE
J(SSG) 1 DB & DHININZELE * 5RO FEB TR & N7k 4 bR GEUWRBES. JEvTIRsg, Wi
fex a7, AlFE7 v, BERESIC X MR 3. BEROHET TEWHEGE oW ESA50? * %2
NHIFEDRE TR 74 PRy 72 T, AMDOEBECHINEBAEEDLH 20?2 * TIN5 DHEFEE LD X
IIAALENRE, KVER-HLZ TEWGE ~NLHBIEONIDDRYE, * 54 AFEORI L
LSBDIEFA~DRE BURDZZ Ry 7, KEDT—F Xy b EwokBR, k0% DF—%, =Ry 7,
INAR=INFG A= F 2=V T DREW L)

6. il (Conclusion) * AWFZECTHEEE - FHAMi L 72 2B EEWIEE Y 2 — VO B H (RVELEL -
. XADEHE~NOEBRO RN £) 23K, * P 7V A7 1+ —<—DHIILE & XADSEHEDFEBLIC
M7z, K7 7v—FouiN G L. SHBOUEEIFICE T 2 BN 2238 % HfE IR %,

7. 5H%OYE L IEY ¢ A\ & DI % HAS L 72SSG\ (Future Work and Vision: Towards Co-evolving SSG
with Humans) * 7.1. Z ORI IED  FE Y 2 — IV DFGIYR & BN A =T X —Z ik, *
7.2. TBHIEIC & 2 FEELBERIE L OF A L Hl: FHRA LEIREZ o 5 7 & O BRI 2 ikEt R, *73. Tk
fRT—% 1 WD ER 7 e —F oMb BEROEELT7A 77 Th b, AL L7 TEWAEE,
* MaBRHsTy o7 =82 ED X ITPEEL . SSGRFERN A TaMEEE Y 2 —b ) O¥FEEICE S 1EH
LT 20 BRI Z5t, *74. TSSG (EMRRHEEKR) €Y 2—)b) D5RIER EE TAR E DIt
b« * SPOEEIISSGOIBEREDMGEETH > 7= 2 2B, Zh s %2ffis - HEIE T, BHIZ TAKD
GrE, L LTHEBEL . ALOME(L & ARIDBED ¥ 4 L 27 — N Z A S ¥ 28SG% £ IR L Tw L »o)E
Y EEs, * . BENKROEMOHETSH 2 TP2PL v P TOMBIRENAGL . AIDREY A
772 ML, ATE AMIDSEEERAVIC LT - EMTEZ 2 RKRICE VBV 2D, 20T a v 28T, *175.
flty 22, 5. 2ILFE—FN~DEHHENE,

a7 7V —yavidia—F

+ )0
# Il (v b7y 7 E A —IVEIEEIH)

#EEI A TV E A ET A VA= L LT =V RIREICT B
Ipip uninstall -y transformers accelerate peft sentence-transformers datasets -q

#FHREN—a vy TIA4 TS5V AL 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® N—3 a2 > % 0.25.01C[H%E (F 7 1320.26.1)

# EHEZWEHT 272012 h —F L% Fid)
import os
os.kill(os.getpid(), 9)

)1

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

)2
#-- N2 74T 7VDL VR —=b -

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

from transformers import (
AutoModelForSequenceClassification,
AutoTokenizer,
Trainer,
TrainingArguments,
AutoConfig,
PreTrainedModel,
AutoModel
)
from transformers.modeling_outputs import SequenceClassifierOutput # € 7L ® H 1A H
from torch.nn import CrossEntropyLoss # 8 7E%0H

from datasets import load_dataset, Dataset # % Dataset 7 7 A% A4 > R — |

import numpy as np
from sklearn.metrics import accuracy_score # FfifgEa1% A

import itertools # FEERRERRA R (510112 FE)E F 22 O THREZ AT TS, RERICHE ) AlgetEd)

# (b LMbc B AEES £ 75 U Bdbiud
# import os # (X V1 THHBALZDOT, T2
# import json

# import time

# import datetime
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# (b LYo 78l £ 2479 8413, matplotlibZz 86 2 2 TA v AR— )
# import matplotlib.pyplot as plt

# import seaborn as sns

# import pandas as pd

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

+IL 3

# - 23 FHARGE - Hl T A —F -

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

# - FEARM 22 e ---

BASE_MODEL_NAME = "bert-base-uncased" # ~\—2 & 7% 3 HE2AEHFEAE TV D LH]
NUM_LABELS = 2 #OHEY AT DT OVE (Wl IMDbZ & R T4 T/2H T4 T D2)
OUTPUT_DIR_BASE = "./experiment_results/" # EEfEROH e R—2F4 L7 b

# - GBI T 2 NAR—28F X =8 -

LEARNING_RATE = 2e-5 # AR
BATCH_SIZE =1 # Ny FH AL X (GPURXE Y RF— 125 L T

# CPUFATOHAIT/N I O W 19212 L 2w EIFFIBEOTRESH D £5
NUM_EPOCHS - 1 B AT R 2B N1 % B2 b L. A O AUER 3

#-- P—V A —LETLVHREDOT—F -
try:
print(f'Loading tokenizer for {BASE_MODEL_NAME]}...")
tokenizer = AutoTokenizer.from_pretrained(BASE_MODEL_NAME)
print(f"Tokenizer for {BASE_MODEL_NAME]} loaded successfully.")
except Exception as e:
print(f'"Error loading tokenizer for {BASE_MODEL_NAME}: {e}")
raise # 7 —FE L 72 o B A2 {F 11



try:
print(f"Loading Hugging Face model config for {BASE_MODEL_NAME]}...")
hf_model_config = AutoConfig.from_pretrained(
BASE_MODEL_NAME,
num_labels=NUM_LABELS
# HEEIZIE U b AutoConfigD /85 XA — % & & 2 CTREN]
# #: finetuning_task="text-classification' 7z &

11
<1

pmusi)

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

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

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

print(f"NUM_EPOCHS: {NUM_EPOCHS}")

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

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

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

from datasets import load_dataset

from sklearn.metrics import accuracy_score
import numpy as np

import torch

# - 7R —NVEE (RAVITERIN TV EIETDH D) DR -
if ' BASE_MODEL_NAME' not in globals():

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

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

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

#1.5—%%ty bou—F

try:
dataset_dict = load_dataset("imdb") # DatasetDict4 7¥ =7 F & LCu—F
print("IMDb dataset loaded successfully.")



except Exception as e:
print(f'"Error loading IMDb dataset: {e}")
raise

#2. b —27 A4 APEBDERER
def tokenize_function(examples):
return tokenizer(examples["text"], padding="max_length", truncation=True, max_length=256)

#3. 75—y bDL—TFAX
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. A - FHEHT— %2 v ~ O L T L ABIE
try:
# 'label' Z7 5 & 7% 'labels' I2V #— 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.")

# - Jokok RIS EBRHO T =53 v 7VEE 2 2 TiRE dokk -
NUM_TRAIN_SAMPLES_FULL = 10 # #i: 10,0008 (% 7=1% len(final_tokenized_train) T4f})
NUM_EVAL SAMPLES_FULL =2  # #fl: 2,500{F (¥ 7-!% len(final_tokenized_test) T4&{})

# 70— LA E 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: # & D7 HFR
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. FHIEEEG I ERBOER (7N 777 Y FEAOEEFE L TEVLTHR W)
def compute_metrics(eval_pred):

logits, labels = eval_pred

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

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

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

accuracy = accuracy_score(labels, predictions)

metrics_dict = {"eval_accuracy": accuracyy}

#- TNy 7Y Vb (REEMKHZa X 77 FLTHERY) -

# 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}")

#-- ZZETTANYITHTI Vb -

return metrics_dict

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



)5

# - 5 BT 7 v a VEERE (SemanticConceptModule) D %E# ---

import torch

import torch.nn as nn

import torch.nn.functional as F

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

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

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

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

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

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

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

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

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

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

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

fused_hidden_states = hidden_states + projected_contextual_concepts



if self.input_dim != self.output_dim:

output = self.final_projection(fused_hidden_states)
else:

output = fused_hidden_states

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

def get_output_dim(self):
return self.output_dim

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

+IL 6

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

import torch.nn as nn

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

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

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

)

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

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

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

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



batch_size, seq_len, local_input_dim = hidden_states.shape
device = hidden_states.device

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

non_commutative_effects_at_each_step = torch.zeros_like(hidden_states)

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

fused_hidden_states = hidden_states + non_commutative_effects_at_each_step

if self.input_dim != self.output_dim:

output = self.final_integration_projection(fused_hidden_states)
else:

output = fused_hidden_states

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

def get_output_dim(self):
return self.output_dim

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

)7

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

import torch

import torch.nn as nn

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



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

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

)

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

)

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

)

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

self.output_dim)

elif self.input_dim != self.output_dim:

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

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



f'semantic_dim_disc={self.semantic_dim_for_discontinuity},
emergent_dim={self.emergent_label_dim}")

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

semantic_features_for_discontinuity = self.feature_to_semantic_for_discontinuity(hidden_states)

discontinuity_scores = torch.zeros(batch_size, 0, device=device) # #Jii{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 4 =Ny 7ROt Yy 7 1ZBETD 2 — F 2 £H)

elif self.input_dim != self.output_dim :

if not hasattr(self, 'final_projection_fallback'): # __init. TEZR L TEXRE
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_configh>#it > ] (637 5)

class InterpretableHolographicReducer(nn.Module):
def _init_(self, input_feature dim, # HiOFEED & DR 7 F L DRI
num_key_concepts=16, # 8L T B B S 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 = ]
# KHEMEE 7 0 b YA T TAIIY = v AL D O 1R K
for i in range(self.num_key_concepts):
# (batch_size, seq_len, input_feature_dim) & (input_feature_dim)
concept_specific_attention_scores = torch.matmul(
hidden_states_sequence, self.key_concept_prototypes|i].unsqueeze(-1)
).squeeze(-1) # (batch_size, seq_len)



if attention_mask is not None: # 854 ¥ 75 % <A 7
concept_specific_attention_scores =
concept_specific_attention_scores.masked_fill(attention_mask == 0, -1e9)

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

# 2D = A T hidden_states # B AN 1 (BEZIIBIT 2 R 27 )
context_vector_for_concept_i = torch.sum(

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

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

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

# ZOEY 2 VIFERS NAEERR Y PV RIRT
# CNDBRIED TR DIELD A &7 %
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 — WV GR) ---

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 v A — F LTEL LIifEHE

FOUTOAATLEY 2=V T TR, ZNLHHETDXIL (L5, 6,7, 7.1) T
#PICERINTHE I ERHIRELFT,

# - SemanticConceptModule

# - DirectNonCommutativeModule



# - DiscontinuityEmergenceModule
# - InterpretableHolographicReducer

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

# --- #i4&€ 7L : EnhancedTransformerForSequenceClassification ---
class EnhancedTransformerForSequenceClassification(PreTrainedModel):
def __init__(self, hf_config, base_model_name, num_labels, tech_flags=None,
module_configs=None):
super().__init__(hf_config)
self.num_labels = num_labels
self.config = hf_config # Hugging Face®config?4 7’3 = 7 + #{#17

# R=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/ DHI1RIT
self.tech_modules = nn.ModuleDict()

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

#WHT 2 €Y 2— VDT Z BT FREV R T IUIZZY A 1)
self.module_order = self.tech_flags.get("module_order", [])
self.active_module_names_in_order = [| # FEBRIcWHHL I Nz € Y 2 — LV DER % (£

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

elif module_key == "direct_non_commutative_module" and
self.tech_flags.get("use_direct_non_commutative_module", False):
dnc_config = self.module_configs.get(module_key, {})
module_output_dim = dnc_config.get("output_dim", current_dim)



self.tech_modules[module_key] = DirectNonCommutativeModule(
input_dim=current_dim, output_dim=module_output_dim,
dropout=dnc_config.get("dropout”, 0.2), model_config=self.config,
module_specific_config=dnc_config

)

current_dim = module_output_dim

self.active_module_names_in_order.append(module_key)

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

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

elif module_key == "holographic_reduction_module" and
self.tech_flags.get("use_holographic_reduction_module", False):
hr_config = self.module_configs.get(module_key, {})
# InterpretableHolographicReducer 1% H & ®get_output_dim()TH /1Rt %K §
# input_feature_dim (& current_dim (57D J& o HS12%I0)
self.tech_modules[module_key] = InterpretableHolographicReducer(
input_feature_dim=current_dim,
# num_Kkey_concepts & reduced_dim_per_concept (& module_specific_config 7> 5 JE
module_specific_config=hr_config,
model_config=self.config
)
current_dim = self.tech_modules[module_key].get_output_dim() # ik DRI B
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 FEERICEINTAEE

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 ss Z #1HI{L
print(f"EnhancedTransformerForSequenceClassification initialized. Final classifier input dim:
{current_dim}.")
if self.active_module_names_in_order:
print(f" Applied modules (in order): {self.active_module_names_in_order}")



else:
print(" No additional tech modules applied (Baseline configuration).")

def forward(
self, input_ids=None, attention_mask=None, token_type_ids=None, labels=None,
return_dict=None, **kwargs ): # target_semantic_labels |& kwargs & EN 2 ED 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_ THEEIZ#I{L Z 1172 )H
£ R+ 2 i
if module_name_key in self.tech_modules:
# print(f" Applying module: {module_name_key}")
# HolographicReductionModule (&> —7 > 2% ZITHY | BEEEX7 ML &R THE
# ZNDADEY 2= WIES =7 Y ARRZITIY , ¥ =7 v ARBRTHE
# Z D47l ix HolographicReductionModule 3% 12 module_order O #I23K % &\ 9 Hifd
[ SO
# b Ligdc k28413, current_features DIGIRDIE D B 728, K ) EHE 7 HIGH HS 65

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

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

# 7= v
# HolographicReductionModule 2%#H S #117:854. current_features (ZBEIZ (batch,
reduced_dim) ® 7"
# Z2)ThuEEE, BEOCLS =27 v licks 7= v 7 %2179
is_holographic_active_and_last = self.active_module_names_in_order and \
self.active_module_names_in_order[-1] ==
"holographic_reduction_module" and \
"holographic_reduction_module" in self.tech_modules



if is_holographic_active_and_last:
pooled_output = current_features # &1 77 7#HHEE Y 2 — IO HI (BRI 7= ¥ T R)
# print(f" Using Holographic Reduction output as pooled_output. Shape:
{pooled_output.shape}")
else:
if current_features.ndim == 3: # (batch, seq, dim)
pooled_output = current_features[:, O] # [CLS] b—72 v Zfif] (£ 713 fhd 7=V v )
# print(f" Using CLS token pooling. Shape: {pooled_output.shape}")
elif current_features.ndim == 2: # BEIC 7=V VY A DEGE Bl: BIOES 2 =L 7—=Y v
L7256)
pooled_output = current_features
# print(f" Input 'current_features' is already pooled. Shape: {pooled_output.shape}")
else:
raise ValueError(f"Unsupported shape for current_features before classifier:
{current_features.shape}")

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

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

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

final_outputs_tuple = (logits,)
#N—2ZEFNOTFERHNE, £ 2 =55 ORI N2 BRI & D 5
# (GHNEY Y TNVICR=AETNVOEELIDE, TP 2= 6 DB %K)
if hasattr(transformer_outputs, 'hidden_states') and transformer_outputs.hidden_states is not
None:
final_outputs_tuple += (transformer_outputs.hidden_states,)
if hasattr(transformer_outputs, 'attentions') and transformer_outputs.attentions is not None:
final_outputs_tuple += (transformer_outputs.attentions,)
if all_module_specific_outputs:
final_outputs_tuple += (all_module_specific_outputs,)

if loss is not None:

return (loss,) + final_outputs_tuple
else:

return (None,) + final_outputs_tuple

# --- DebugTrainer 7 7 A D EFH (L7 L)
class DebugTrainer(Trainer):
def prediction_step(
self, model: nn.Module, inputs: dict[str, torch.Tensor | nn.utils.rnn.PackedSequence],
prediction_loss_only: bool, ignore_keys: list[str] | None = None,



) -> tuple[torch.Tensor | None, torch.Tensor | None, torch.Tensor | None]:
# print(f"--- DebugTrainer.prediction_step CALLED ---")
model.eval()
with torch.no_grad(): model_outputs = model(**inputs)
loss = model_outputs[0] if model_outputs[0] is not None else None
logits = model_outputs[1] if len(model_outputs) > 1 and model_outputs[1] is not None else None
labels_out = inputs.get("labels")
if prediction_loss_only: return (loss, None, None)
return loss, logits, labels_out

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

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

# 1. BiHE & 2 % 70— VAR DHER
required_globals_cell_B_full = |
'hf_model_config', ' BASE_MODEL_NAME', 'NUM_LABELS', 'OUTPUT_DIR_BASE/,
'LEARNING_RATE', 'BATCH_SIZE', 'NUM_EPOCHS',
'EnhancedTransformerForSequenceClassification',
'train_dataset', 'eval_dataset', 'tokenizer', 'compute_metrics',
'DebugTrainer’, 'Dataset’,
'‘SemanticConceptModule’, 'DirectNonCommutativeModule',
'DiscontinuityEmergenceModule', 'InterpretableHolographicReducer’
|
missing_globals_check_B_full = False
for var_name in required_globals_cell_B_full:
if var_name not in globals():
print(f"ERROR in Cell B (Fully Integrated): Global variable or class '{var_name}' is not defined!")
missing_globals_check_B_full = True
if missing_globals_check_B_full:
raise NameError("One or more required global variables/classes for Cell B (Fully Integrated) are
not defined. Please check prerequisite cells (1 through A).")
else:
print("All prerequisite global variables and classes for Cell B (Fully Integrated) seem to be
defined.")

# 2. EEHRDER (BEROE Y —v + Kxa 7T 7HEHT A )
experiment_configurations = [

#-R—RAF7A YV -

{"name": "EO_Baseline", "tech_flags": {"module_order": []}, "module_configs": {}, "# HAGZE": ""—Z 5
4,

e e R



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

{"name": "E3_DiscontinuityEmergence",

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

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

# - 28V 2 VDA EDLY (HFEIE) -

{"name": "E4_SemAtt_then_NonComm",

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

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

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size,
"dropout": 0.2, "internal_processing_dim": hf model_config.hidden_size}}, "# HAZE": "BHK 77> a v
— JER[HA"),

{"name": "E5_NonComm_then_SemAtt",

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

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

"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128,
"output_dim": hf_model_config.hidden_size}}, "# HAZE": "JET#L — Bk 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}}, "# HAZE": "B 7 T
v¥oa v — WiRlF"),

{"name": "E7_DiscEm_then_SemAtt",
"tech_flags": {"module_order": ["discontinuity_emergence_module", "semantic_attention_module"],
"use_discontinuity_emergence_module": True, "use_semantic_attention_module": True},



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

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

{"name": "E8_NonComm_then_DiscEm",

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

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

"discontinuity_emergence_module": {"output_dim": hf_model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAGE": "JEA[# —
Wt E"),

{"name": "E9_DiscEm_then_NonComm",

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

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

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size,
"dropout": 0.2, "internal_processing_dim": hf model_config.hidden_size}}, "# HAZE": "Wifufl5E — JEnT
1),

#---3EY 2 LOMABDE -

{"name": "E10_SemAtt_NonComm_DiscEm",

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

"module_configs": {

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

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

"discontinuity_emergence_module": {"output_dim": hf_model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAZE": "FEW 7 T
v¥oa v — JEnf — WAz,

{"name": "E11_NonComm_SemAtt_DiscEm",

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

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

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



"discontinuity_emergence_module": {"output_dim": hf_model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2}}, "# HAGE": "JEA[# —
BT 7y a v — Wialzs",

{"name": "E12_DiscEm_SemAtt_ NonComm",

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

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

"dropout": 0.2},
"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128,

"output_dim": hf_model_config.hidden_size},
"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size,
"dropout": 0.2, "internal_processing_dim": hf model_config.hidden_size}}, "# HAZE": "WikuBlFE — =ik
7T vy ay — JEfiE,
{"name": "E13_SemAtt_DiscEm_NonComm",
"tech_flags": {"module_order": ["semantic_attention_module", "discontinuity_emergence_module",

"direct_non_commutative_module"], "use_semantic_attention_module": True,
"use_discontinuity_emergence_module": True, "use_direct_non_commutative_module": True},

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

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

"direct_non_commutative_module": {"output_dim": hf_model_config.hidden_size,
"dropout": 0.2, "internal_processing_dim": hf model_config.hidden_size}}, "# HAZE": "BW 7 57> a3 ~
— Wil zE — JEn]Ha"),

{("name": "E14_NonComm_DiscEm_SemAtt",

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

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

hf_model_config.hidden_size},
"discontinuity_emergence_module": {"output_dim": hf_model_config.hidden_size,
"semantic_dim_for_discontinuity": 12, "emergent_label_dim": 24, "dropout": 0.2},
"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128,
"output_dim": hf model_config.hidden_size}}, "# HAZE": "JEAJ#L — WikuBlF — Bk 757> a "),
{("name": "E15_DiscEm_NonComm_SemAtt",
"tech_flags": {"module_order": ["discontinuity_emergence_module",
"direct_non_commutative_module", "semantic_attention_module"],
"use_discontinuity_emergence_module": True, "use_direct_non_commutative_module": True,

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

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

"dropout": 0.2, "internal_processing_dim": hf_model_config.hidden_size},



"semantic_attention_module": {"num_concepts": 32, "concept_dim": 128,
"output_dim": hf_model_config.hidden_size}}, "# HAZE": "Wifffl % — JENH — Bk 7 57> a "),

# - A0S T 7HERE Y 2 — LB EL T A MK -

{"name": "E16_Baseline_then_HolographicReduction",

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

"module_configs": {"holographic_reduction_module": {"num_key_concepts": 16,
"reduced_dim_per_concept": 32, "reduction_type": "attention_pooling"}}, "# HAZE": "R—2 74 ~ = &
0 77 7 ffiis(AttPool)",

{"name": "E17_E6_then_HolographicReduction",

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

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

"module_configs": {

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

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

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

"holographic_reduction_module": {"num_key_concepts": 16, "reduced_dim_per_concept": 32,
"reduction_type": "attention_pooling"}}, "# HAZE": "=IEAtt—IE Wil F— 5 1 275 7 (AttPool)"},
|
print(f"Total experiment configurations defined in Cell B (Fully Integrated):
{len(experiment_configurations)}")

# 3. 7 — N IVEHD Ry —P1L
global_variables_for_experiments = {
'hf_model_config": hf_model_config, ' BASE_MODEL_NAME'": BASE_MODEL_NAME,
'NUM_LABELS': NUM_LABELS,
'OUTPUT_DIR_BASE'": OUTPUT_DIR_BASE, 'LEARNING_RATE'": LEARNING_RATE, 'BATCH_SIZE":
BATCH_SIZE,
'NUM_EPOCHS': NUM_EPOCHS,
'EnhancedTransformerForSequenceClassification':
EnhancedTransformerForSequenceClassification,
'train_dataset': train_dataset, 'eval_dataset’: eval_dataset, 'tokenizer': tokenizer,
‘compute_metrics': compute_metrics, 'DebugTrainer: DebugTrainer, 'Dataset': Dataset,
‘SemanticConceptModule': SemanticConceptModule,
'DirectNonCommutativeModule': DirectNonCommutativeModule,
'DiscontinuityEmergenceModule': DiscontinuityEmergenceModule,
'InterpretableHolographicReducer': InterpretableHolographicReducer

}

print("Global variables for experiments packaged.")

# 4. @SR T4 (run_ablation_experiment)
def run_ablation_experiment(exp_config, global_vars_dict):



config_name = exp_config['name"]
tech_flags = exp_config["tech_flags"|
module_cfgs = exp_config["'module_configs"]

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

hf_cfg = global_vars_dict['hf_model_config']
base_model_name_local = global_vars_dict['/BASE_MODEL_NAME']
n_labels = global_vars_dict[NUM_LABELS']

output_dir_base_local = global_vars_dict[{OUTPUT_DIR_BASE']

Ir = global_vars_dict[LEARNING_RATE]

bs = global_vars_dict[BATCH_SIZE']

n_epochs = global_vars_dict[NUM_EPOCHS']

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

ev_dataset = global_vars_dict['eval_dataset']

tok = global_vars_dict['tokenizer']

comp_metrics = global_vars_dict['compute_metrics']

dbg_trainer_class_local = global_vars_dict['DebugTrainer’]

dataset_class_local = global_vars_dict['Dataset']

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

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

)

current_output_dir = f"{output_dir_base_local}{config_name}"

training_args = TrainingArguments(
output_dir=current_output_dir, learning_rate=Ir, per_device_train_batch_size=Dbs,
per_device_eval_batch_size=bs, num_train_epochs=n_epochs, weight_decay=0.01,
evaluation_strategy="epoch", logging_strategy="epoch", save_strategy="epoch",
load_best_model_at_end=True, metric_for_best_model="accuracy", report_to="none",
do_eval=True, remove_unused_columns=False,
# save_total limit=1, # 71 A 7 KB ZHNT 554

)

trainer = dbg_trainer_class_local(
model=model, args=training_args, train_dataset=tr_dataset, eval_dataset=ev_dataset,



tokenizer=tok, compute_metrics=comp_metrics,
)
print(f"Starting training for {config_name}...")
eval_results_dict = {}
try:
trainer.trainy)
print(f"Training finished for {config_name}.")
print(f"'Starting final evaluation for {config_name} (with best model)...")
eval_results = trainer.evaluate()
print(f"Evaluation results for {config_name}: {eval_results}")
eval_results_dict = eval_results
except Exception as e:
print(f"l!! An error occurred during training or evaluation for {config_name}: {e} !!!")
import traceback
traceback.print_exc()
eval_results_dict = {"error": str(e), "eval_accuracy": float('nan'), "eval_loss": float('nan')}
return config_name, eval_results_dict

# 5. e COIERRE R 2 M8 3 5 TS DL

all_experiment_results_summary = {}

print("\nCell B (Fully Integrated): All setups for running experiments are complete.")

print(f"To run experiments, execute the individual experiment cells (e.g., Cell_EO, Cell_El, etc.) one

by one.")

Fhga—F

EO

# BO-— R—RA T4 ¥ -

print("--- Executing Experiment E2_DirectNonCommutative (Baseline + Direct Non-Commutative) ---

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

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

name, result = run_ablation_experiment(config_to_run_eZ2, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:

")



print(f"Configuration for '{exp_to_run_name_eZ2}' not found.")

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

El

# E1---BE 7 X)L
print("--- Executing Experiment E1_SemanticAttention (Baseline + Semantic Attention) ---")

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

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

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

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

E2

# E2 --- JET] {4

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

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

if config_to_run_eb:
# ... (run_ablation_experiment OFEONH L & &% HASHX FER) ...
name, result = run_ablation_experiment(config_to_run_e5b, global_variables_for_experiments)
all_experiment_results_summary[name] = result
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e5}' not found.")
print(f"--- Finished Experiment E5_NonComm_then_SemAtt ---")



E3

# E3 Wi Al 78

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

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

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

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

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

E4

# Bd--- BUR 7~V +IETTH -

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

exp_to_run_name_el3 = "E13_SemAtt_DiscEm_NonComm"

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

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

Eb

# Eb - JER[ff+ R0k 7 )L -

")



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

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

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

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

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

E6

# B6--- TR T L + Wikl -

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

exp_to_run_name_e6 = "E6_SemAtt_then_DiscEm"

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

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

E7

#E7 - Wil 3 + 2K 7 L -
print("--- Executing Experiment E7_DiscEm_then_SemAtt ---")

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



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

name, result = run_ablation_experiment(config_to_run_e7, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f5H£ % 70— HUEEE TN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e7} not found in experiment_configurations.")

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

ES8

# E8 ——-JEnf i+ Wrifu il FE -

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

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

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

name, result = run_ablation_experiment(config_to_run_e8, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f5H£ % 70— HUEEE TN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e8}' not found in experiment_configurations.")

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

E9

# BO - WFHLAISE + TR -

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

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



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

name, result = run_ablation_experiment(config_to_run_e9, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f5H£ % 70— HUEEE TN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_e9}' not found in experiment_configurations.")

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

E10

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

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

exp_to_run_name_el0 = "E10_SemAtt_NonComm_DiscEm"

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

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

El1

# E11---JEn[#a+ Bk 7 7 > > a v + Wiffu ¥

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

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

if config_to_run_el1:
if 'all_experiment_results_summary' not in globals(): all_experiment_results_summary = {}



if 'global_variables_for_experiments' not in globals(): raise
NameError("global_variables_for_experiments is not defined.")

name, result = run_ablation_experiment(config_to_run_el 1, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f5% 7’0 — )V REE KA
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_el 1}' not found in experiment_configurations.")

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

El2

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

print("--- Executing Experiment E12_DiscEm_SemAtt_NonComm ---")

exp_to_run_name_el2 = "E12_DiscEm_SemAtt_NonComm"
config_to_run_el2 = next((config for config in experiment_configurations if config['name"] ==
exp_to_run_name_el2), None)

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

name, result = run_ablation_experiment(config_to_run_elZ2, global_variables_for_experiments)
all_experiment_results_summary[name] = result # f5H£ % 70— HUEEE AN
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_el2}' not found in experiment_configurations.")

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

El3

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

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

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



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

name, result = run_ablation_experiment(config_to_run_el3, global_variables_for_experiments)
all_experiment_results_summary[name] = result # #5H % 70 — )UEEE &N
print(f"\n--- Results for {name} ---")
print(result)
else:
print(f"Configuration for '{exp_to_run_name_el3}' not found in experiment_configurations.")

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

El4

# 14 - JEnfifa -+ Wit AI7E + =Rk 7 oL

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

exp_to_run_name_el4 = "E14_NonComm_DiscEm_SemAtt"

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

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

E15b

# E15 --- WiffAl7s + e+ &k 7 XL

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

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

if config_to_run_el5:
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 — )V 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 ® %47 ---

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

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

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

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

E17

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

print("--- Executing Experiment E17_NonComm_Holo_SemAtt_Holo_DiscEm ---")
exp_to_run_name_el7 = "E17_NonComm_Holo_SemAtt_Holo_DiscEm"

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

if config_to_run_el7:
# ... (run_ablation_experiment 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): FEx 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 ---")

i A2 v

# - &R L RFERHTIRO Y <) —FOR EREE I -
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 7% X 11T > 2 iR
if 'all_experiment_results_summary' not in globals() or not isinstance(all_experiment_results_summary,
dict):
print("ERROR: 'all_experiment_results_summary' dictionary is not defined or not a dictionary.")
print("Please ensure all experiment execution cells have run correctly and stored their results.")
# ZOXINVLIED M Z Gl L 72 #5413 raise NameError(...) & izt
all_experiment_results_summary = {} # 2¢DfFE & L TUBEZHT 2 (LR— FZRENICERS)

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 = [] # 22D ) A k& LT Z il 5

if not all_experiment_results_summary:
print("No experiment results found in 'all_experiment_results_summary' to generate a report.")
else:
print(f'Found {len(all_experiment_results_summary)} entries in all_experiment_results_summary.")
report_data = []
for config_name_key, metrics_dict_value in sorted(all_experiment_results_summary.items()):
row = {'Experiment Name': config_name_key}

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

# module_order 23H UL Z Nz Juic, it tech_flags ® True Db D% YA b7 v 7
if "module_order" in current_tech_flags and isinstance(current_tech_flags["module_order"],
list):
for module_key_in_order in current_tech_flags["'module_order"]:
# tech_flags @ use_... 2% True 2> b fifEdd
#EY 22— LD 5 "use " £ "_module" 2RV bDELRLET S
# f5: "semantic_attention_module" -> "semantic_attention"

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

# HRML7 7 7 HHER (XD THIC T 27%45)
is_module_enabled_flagl = current_tech_flags.get(f"use_{display_name}_module",
False)
is_module_enabled_flag2 = current_tech_flags.get(f"use_{module_key_in_order}",
False) # 584 b5
if is_module_enabled_flagl or is_module_enabled_flag2:
tech_flags_str_parts.append(display_name)
else: # module_order 2372\ 54
for flag, enabled in sorted(current_tech_flags.items()):
if enabled and flag.startswith("use_"):
tech_flags_str_parts.append(flag.replace("use_", ").replace("_module", "))
row['Enabled Modules'] = " -> ".join(tech_flags_str_parts) if tech_flags_str_parts else
"Baseline"

module_configs_str_parts = []
for mc_key, mc_val in sorted(config_detail.get('module_configs', {}).items()):
module_configs_str_parts.append(f'{mc_key.replace('_module',")} Params: {str(mc_val)}")
# mc_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 & ZHfER
if isinstance(metrics_dict_value, dict):

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

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

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

#---1.CSV7 7 AL & LCRllT— 8 217 -
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 # ColabEEEi T4 7 v u— R 9§ 354
# files.download(csv_filename)
except Exception as e:
print(f"Error saving CSV: {e}")

#-- 2. T XA P R—2ADOPEHEMEL -
report_text_parts_list = [ # U A M &% EH

report_text_parts_list.append(" 7 7L —3 a2 »FEER RS E")

report_text_parts_list.append(f"#i &5 HIRf: {datetime.datetime.now().strftime('%Y4E%m H %d H

%HIEF%M 73 %SFH"))")

report_text_parts_list.append("\n--- FZEHFE ---")
report_text_parts_list.append(f"Sfii L 72 S2EaAE %L {len(experiment_configurations)}")
if ' BASE_MODEL_NAME' in globals():

report_text parts_list.append(f'X—2 7 4 » € 7/V: (BASE_MODEL_NAME}")

report_text_parts_list.append("\n--- f#HH 4~ 1) —7 — 7L (DataFrame to_string) ---")
try:



report_text_parts_list.append(report_df.to_string(index=False, float_format="%.4f",
na_rep='N/A"))
except Exception as e:
report_text_parts_list.append(f"Error formatting table with to_string: {e}")

report_text_parts_list.append("\n--- % X kY 7 2 (eval_accuracy) DFEZE R A~ F ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
report_text_parts_list.append("eval_accuracy 2B § 2 A2 FE SRR H D T8 A, ")
else:
try:
# 'EO_Baseline' 25{#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'] != "EOQ_Baseline' and pd.notna(row['eval_accuracy']):
change = row['eval_accuracy'] - baseline_accuracy
change_percent = (change / baseline_accuracy) * 100 if baseline_accuracy !
= 0 else float('inf")

report_text_parts_list.append(
f'- {row['Experiment Name']}: 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 ) JAfic s —F v v F
report_text_parts_list.append(f"eval_accuracyZ£iz = 7 —: {e}")

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

report_text_parts_list.append(" (Z Zi2, HFEZ 2 — L DORIER, BE D AT 2 BB 021k
Rl BHEZ TR R AR WEZEZHBRL £9) ")

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

report_text_parts_list.append(" WMEEHBEDD"

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

final_report_text_content = "\n".join(report_text_parts_list) # 2% % 25 #H



print(f"\n{final_report_text_content}")

report_filename_txt =
f'ablation_study_summary_report_{datetime.datetime.now().strftime('%Y%m%d_%H%M%S")}.txt" # %
ey T
try:
with open(report_filename_txt, "w", encoding="utf-8") as f: # Z¥# % £ H
f.write(final_report_text_content)
print(f\nSummary report saved to {report_filename_txt}")
except Exception as e:
print(f"Error saving text report: {e}")

#---3. FHEX MY 72D 7T 71k (eval_accuracydDiE 77 7) ---
print("\n--- Generating Accuracy Comparison Graph ---")
if 'eval_accuracy' not in report_df.columns or report_df['eval_accuracy'].isnull().all():
print("No valid eval_accuracy data to plot for the graph.")
else:
try:
# NaN% 71 v FHICOICER (B 2 W IiENaNZ FRIF 9 2 AFE b #ed )
accuracies_for_plot_graph = pd.to_numeric(report_df['eval_accuracy'],
errors='coerce).fillna(0.0) # 2% % % 255
config_names_for_plot_graph = report_df['Experiment Name'] # 224 % 2 #H

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

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

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

plt.ylabel("Experiment Configuration")

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

plt.gca().invert_yaxis()

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

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

plt.tight_layout()

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

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

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

plt.show()

except Exception as e:

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

import traceback

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



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

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

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

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

00 ~Jo U b WDN PO

I o B S R S Ve
g WN RO

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

0O ~Jo Uk WDN PO

I o B S R S Ve
g WN RO

Module Parameters eval accuracy

N/A 0.5

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

holographic_reduction Params:

direct non commutative Params:
discontinuity emergence Params:
Params:

direct non_commutative
direct non_commutative
direct non_commutative
direct non_commutative
direct non_commutative

eval loss

0.
.736395
.616950
.023794
.567012
.764114
.607204
.906949
.678603
.868324
.963613
.116018
.685527
.814655
.536180
.590823
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eval_runtime

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

F NNMNDNMDNDWERFREWNDMNDNDDNDND WD &

8776

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

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

{'output dim'

{'num_key concep...

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

{'output dim':
{'output dim

eval samples_per_second

1.
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Detailed experiment results saved to

ablation_study final results_20250529 042318.csv
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R—2Z4>YET): bert-base-uncased

-— ERYYY—7—7)l (DataFrame to string) ---

Experiment Name
Enabled Modules
Module Parameters eval accuracy eval loss eval runtime
eval samples per second eval_steps_per second epoch
E0_Baseline
Baseline
N/A 0.5000 0.6887 1.8776 1.0650
1.0650 1.0000
E10_DiscEm_ then_SemAtt
discontinuity emergence -> semantic_ attention
discontinuity emergence Params: {'output dim': 768,

'semantic_dim for discontinuity': 12, 'emergent label dim': 24, 'dropout': 0.2}

semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output_dim': 768} 0.0000 0.7364 1.6775
1.1920 1.1920 1.0000
E1l NonComm then DiscEm
direct non commutative -> discontinuity emergence
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim for discontinuity': 12, 'emergent label dim': 24, 'dropout'
0.2} 1.0000 0.6170 4.9560 0.4040
0.4040 1.0000
E12 DiscEm then NonComm

discontinuity emergence -> direct non commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim for discontinuity': 12, 'emergent label dim': 24, 'dropout'
0.2} 0.0000 1.0238 3.3342 0.6000
0.6000 1.0000

E13_SemAtt_ DiscEm_NonComm
semantic_attention -> discontinuity emergence -> direct non_ commutative
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim for discontinuity': 12, 'emergent label dim': 24, 'dropout'
0.2}; semantic_attention Params: {'num concepts': 32, 'concept dim': 128,
'output_dim': 768} 1.0000 0.5670 2.2478
0.8900 0.8900 1.0000

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
El16_Baseline then HolographicReduction
holographic_reduction
holographic_reduction Params: {'num_ key concepts': 16,

.
4



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

E17_E6_then HolographicReduction semantic_attention ->
direct non commutative -> discontinuity emergence -> holographic_reduction
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,
'internal processing dim': 768}; discontinuity emergence Params: {'output dim'
768, 'semantic_dim_ for discontinuity': 12, 'emergent_ label dim': 24, 'dropout'
0.2}; holographic reduction Params: {'num key concepts': 16,

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

0.6640 0.6640 1.0000

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

E4_SemAtt_then_ NonComm

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

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

E5_NonComm_then SemAtt
direct non commutative -> semantic_attention
direct non commutative Params: {'output dim': 768, 'dropout': 0.2,

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

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

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

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

E9_SemAtt_then DiscEm

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



'output dim': 768} 1.0000 0.5908 1.7185

1.1640 1.1640 1.0000

-——— FEANYZY R (eval _accuracy) DEZRA VK ——

- X—X74 > (E0 Baseline) ® eval accuracy: 0.5000

- E10_DiscEm then SemAtt: eval accuracy = 0.0000 (N—XZ- Vlk: -0.5000, -

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

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

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

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

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

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

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

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

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

100.00%)
- E5_NonComm then_ SemAtt: eval_accuracy

-100.00%)
- E6_SemAtt NonComm DiscEm: eval_accuracy

+0.00%)
- E7_NonComm SemAtt DiscEm: eval_accuracy

100.00%)
- E8 DiscEm SemAtt NonComm: eval accuracy

+100.00%)
- E9 SemAtt then DiscEm: eval accuracy = 1.0000 (N—XZ42E: +0.5000, +100.00%)

.0000 (N—XZAVLh: -0.5000,
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0.0000 (N—RZA>k: -0.5000, -
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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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import torch

import torch.nn as nn

import torch.nn.functional as F
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(InterpretableHolographicReducer)
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# - & )L7.1 (IKFR): R A[EEZe A 1 777 7 #E)€ ¥ 2 — )L (InterpretableHolographicReducer)

DEF -

import torch
import torch.nn as nn

import torch.nn.functional as F

class InterpretableHolographicReducer(nn.Module):

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

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

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



):
super(). _init ()
self.input_feature dim = input feature dim

self.num_key concepts = module specific config.get("num key concepts",
num_key concepts)

self.reduced dim per concept =module specific config.get("reduced dim per concept",
reduced dim_per concept)

self.key concept prototypes = nn.Parameter(
torch.randn(self.num_key concepts, self.input_feature dim)

)

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

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

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

self.final output dim = self.num_key concepts * self.reduced dim per concept

print(f"InterpretableHolographicReducer initialized: input_dim={self.input_feature dim}, "

f'num_key concepts={self.num_key concepts},
reduced dim_per concept={self.reduced dim_per concept}, "

f'total _output_dim={self.final output dim}")

def forward(self, hidden_states sequence, attention_mask=None, **kwargs):

batch_size, seq len, =hidden_states sequence.shape

reduced concept _vectors list =[]

all _concept specific global att weights =[]



for 1 in range(self.num_key concepts):

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

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

).squeeze(-1)

if attention_mask is not None:

concept_specific_attention_scores =
concept_specific_attention scores.masked fill(attention_mask == 0, -1e9)

concept_specific_attention weights = F.softmax(concept_specific_attention_scores, dim=1)

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

context vector for concept i= torch.sum(

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

reduced vector for concept 1= self.activation_after projection(

self.reduction_projector(context vector for concept 1)

)

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

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

if all concept specific_global att weights:



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

else:

overall concept_attention map = None # 7D 72

return {
"last_hidden_state": final reduced representation,

"concept attention_map": overall concept attention map,

def get_output dim(self):

return self.final _output_dim

print("Cell (e.g., 7.1): InterpretableHolographicReducer class defined.")






