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» Background: Model Editing @

Pre-trained LLMs suffer from outdated knowledge and persistent hallucinations.

O Retraining: time-consuming and resource-intensive
0 Fine-tuning: risks of catastrophic forgetting (remains a subject of debate)

0 Model Editing: precise and efficient updates to local parameters for targeted knowledge
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Editing Large Language Models: Problems, Methods, and Opportunities (EMNLP 2023)
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» Background: Effectiveness of FT

| ZsRE
Methods | LLaMA-3-8B | Gemma-2-9B | Mistral-7B-v0.3 \
| Eff. Gen. Spe. | Eff. Gen. Spe. | Eff. Gen. Spe. | Timel
[TFT 17.10+022  16.73+022  8.27+013 | 12.90+020 13.09+020  0.07+002 | 32.84+030 33.78+030 .19-+031 || 0.3366s

ROME 0.54+0.04 0.57+0.04 0.40-+0.02 3.45+032 3.33+0.11 8.2440.29 0.00+t000  0.00+000  0.00+0.00 | 2.5621s
MEMIT 0.00-+0.00 0.00-£0.00 0.13+0.02 5.234021 3.11+0.12 5.98+0.12 0.00+000  0.00+000  0.13+002 | 6.0677s

D Deve I O p m e nt Of S p eC i a I ized ed iti n g a I g O - PRUNE 12274043 12.01+023  9.88+029 | 10.21+027 8.88+029 11.95+055 | 0.00+£000  0.00+000  0.00+000 | 6.1588s

RECT 11.05+041  8.12+015  28.12+013 | 12.45+045 10.11+051 26.09+044 | 8.18+033  8.04+046 11.32+049 | 6.6558s
AlphaEdit | 86.83+023 81.48+028 29.09+022 | 81.18+033 73.24+046 30.34+0.9 | 0.00+000  0.00+000  0.00+000 | 6.1831s

M M : M MEND 0.00-+0.00 0.00-+0.00 0.00-£0.00 0.00-+0.00 0.00-£0.00 0.00-+0.00 0.00+000  0.00+000  0.00+0.00 | 0.9686s
rithms is based on the ineffectiveness of MEND* | 0004000 0.00:000 0004000 | 8.84+02¢ 845+t021 1021+019 | 0.004000 0.00+000  0.004000 | 5.9265s
MALMEN 9.87+0.12 9.00-+0.09 2.11+015 | 46.60+033 42.50+032 19.66+035 | 0.00+000  0.00+000  0.00+000 | 2.2779s

o o MSkPMI\FN* g.ggim 1 i % .(l)glio.zz 322.4231:!:0.09 556.994710.24 4546288 +0.29 ;2 .ggiO.ZI (l)(z)é +0.01 g.(l)%iom 215.2257:!:0404 gggggs
fl n e _tu n I n g . et .99+0.47 174043 214039 944024 .68+0.33 .29+0.45 .25+0.08 124012 27+054 | 8. S

RLEdit 89.42+034 87.321023 44.78+050 | 84.37+022 79.82+026 37.15+041 | 71121031  67.42+027 27.43+044 | 0.2224s

Fine-tuning in RLEdit (ICML 2025).

O Literature suggests that even localized Counterfact ZsRE
Method  Model
. . . . Eff.1 Gen.t Spe.t Flu.t Consis.T Eff.; Gen.T Spe.t
fl ne tu ni ng yl € I d S su bo ptl m al pe rfo r Pre-edited 7.85+026 10.58+026 89.48+01s 635.231011 24.144008 | 36.99+030 36.34+030 31.89+022
1 141 | FT 83.33:037 67.79:040 46.63:03 233.72:020  8.77x00s | 30.48+02 3022103 15.49+017 |

Mance In ed Itl n g ta S ks. MEND 63.24+031 61.17+036 45.37+03s8 372.16+080 4.21x005 | 0.91+00s  1.09+00s  0.53+0.02

InstructEdit % 66.58+02¢ 64.18+035 47.14+037 443.85+078 7.28+004 | 1.58+004  1.36+008  1.01+0.05

ROME G 64.40+041 61.42+042 49.441038 449.06+026 3.31x002 | 2.01+007  1.80+007  0.69+003

MEMIT ~ 65.65+047 64.65+042 51.56+038 437.43+167 6.58+011 | 34.621036 31.28+03¢ 18.4910.10

PRUNE 68.25+046 64.75r041 49.82+036 418.031152  5.90:010 | 24.77+027 23.871027 20.69+023

RECT 66.05+047 63.62+043 61.41+037 526.621044 20.541009 | 86.05+023 80.541027 31.671022

AlphaEdit 98.90+010 94.22:019 67.88+1029 622.49+016 32.40+011 | 94471013 91131019 32.5510.22

Fine-tuning in AlphaEdit (ICLR 2025).

State Key Laboratory of Al Safety, ICT, CAS 4



» Research Questions @

o Why does fine-tuning fail in model editing?

o Can fine-tuning effectively solve model editing tasks?

-

1R B RAE(ESS
(Fine-tuning) (Model Editing Task)
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» Implementation Matters in FT-based Editing @

Discrepancy in Training Pipelines

0 Current Practice: each individual sample is trained to full convergence before moving to the next.

0 Standard Fine-tuning: updates are performed across the full data distribution over multiple epochs.

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

: t; Steps tn Steps : k Epochs > :

O . :]2 CJ; 2. B| -9

Ongmal LLM Samplel Sample n Edited LLM Orlglnal LLM Batch 1 Batchm Edited LLM
Depth-First Pipeline (Editing Pipeline) Breadth-First Pipeline (Standard Pipeline)

Comparison of training pipeline: Depth-First (DF) vs. Breadth-First (BF)
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» Implementation Matters in FT-based Editing

Depth-First Pipeline Breadth-First Pipeline
1.0
Shard5 | 0.51 0.71 0.76 0.86 0.96 Epoch5 || 0.99 0.99 0.98 0.98 0.97
0.9
e . . 2 Shard4|  0.62 0.78 0.86 0.95 Epoch4 || 0.97 0.97 0.96 0.96 0.96 08
Impact of Flawed Training Pipelines .
& Shard3 | 065 0.81 0.94 Epoch3 || 0.94 0.95 0.93 0.90 0.91 0.7
k=)
""E Shard2 | 0.73 0.94 Epoch2 [ 0.80 0.82 0.82 0.78 0.80 0.6
Shard1 | 0.85 Epochl|  0.46 0.46 0.46 0.46 0.49 02
0.4
S . M M Shard1  Shard2  Shard3  Shard4  Shard 5 Shard1  Shard2  Shard3  Shard4  Shard 5
o Overwriting: sequential learning cause . e
later edits to interfere with prior ones. Visualization of the learning dynamics for DF and BF pipelines
LLaMA3-8B+FT-M Mistral-7B+FT-M Qwen2.5-7B+FI-M
I e 1 : M : M LLaMA3-8B+AdaLoRA Mistral-7B+AdaLoRA Qwen2.5-7B+AdaLoRA
O Instability: single-sample optimization is
y g p p Reliability Generalization Capability
. o . 1 1.0 0.6
highly unstable, compromising model's o8
0.9 0.5
. g Y : 0.4
general knowledge and capabilities 2 os 0
Q
A o7 0.4 03
o:0 0.2 02
1 2 4 8 16 32 64 1 2 4 8 16 32 64 1 2 4 8 16 32 64
Batch Size Batch Size Batch Size

Impact of batch size on editing performance under the BF pipeline
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» Implementation Matters in FT-based Editing

Rectifying the training pipeline significantly boosts fine-tuning performance.

ZsRE COUNTERFACT
Method Reliability Generalization Capability Reliability Generalization Capability %
DF BF DF BF DF BF DF BF DF BF DF BF M o

< FI-L 0.00 0.00 0.00 0.10 1496 2347 0.00 0.00 0.00 0.00 15.14 18.17 %
% FT-M 7530 99.70 6720 91.80 28.30 3930 80.00 9990 5260 75.10 29.89  30.87 50
j Adal.oRA 380 19050 330 | 69.70 4481 4989 840 9630 6.10 44.10 49.88  39.27 70

RoseLoRA  0.30 1.00  0.00 0.70 57.13 57.38 0.30 020 0.00 0.00 57.17 56.66 60
~ FT-L 0.00 0.00 0.00 0:00.215.73 15.38  0.00 0.00 0.00 0.00 14.93 15.34 50
fg FT-M 41.10 100.00 24.60 8350 18.14 15.64 59.70 799799 25.60  59.10 1694  20.50 40
S AdaLoRA 250 [ 8850 240 (7470 2536 4127 5.10 Wﬂ) 390 4470 19.14  39.63

RoseLoRA  0.20 410 0.00 3.60 4524 4380 0.60 0.80 0.20 020 45.57 4397 30

FT-L 0.10 0.10 0.00 0.10 2365 29.66 0.10 0.60 0.10 0.50 31.21 33.07 20
§ FT-M 5870  99.80 34.60 77.60 2541 3428 67770 9990 25.60 3540 3257 33.17 10
O AdalLoRA 340 19060 250 < 54.00 5347 5121 890 9700 4.00 19.10 41.74  53.23 0

RoseLoRA  0.00 040 0.00 0.10 58.73 5858 0.20 040 0.10 0.10 58.48  58.37

Performance comparison of DF and BF pipelines on mainstream fine-tuning based editors.
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» Tailoring Fine-tuning for Model Editing @

0 Localized fine-tuning emerges as a superior approach once the training pipeline is rectified.

0 However, current local update strategies predominantly rely on "locate-then-edit" heuristics.

Which regions are more effective for fine-tuning in model editing tasks?

Top
Layers

Middle
Layers

O\
amaed

Effective
Model Editing

Bottom
Layers

Attention
Heads
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» Tailoring Fine-tuning for Model Editing

Comprehensive Evaluation of Candidate Modules

O Models: LLaMA3-8B, Qwen?2.5-7B, Mistral-7B

0 Scope: all layers x 5 components (Entire Layer, Attention,

0 Data: 1,000 samples from ZsRE dataset
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Fine-tuning performance for different locations across three LLMs

State Key Laboratory of Al Safety, ICT, CAS




» Tailoring Fine-tuning for Model Editing @

0 Reliability: Almost all modules can effectively inject new knowledge, challenging the hypothesis of
"localized knowledge storage”.

0 Capability: Fine-tuning MLP in mid-to-late layers consistently preserves capabilities.

o Targeting mid-to-late MLP under BF pipeline === LocFT-BF

——————— Pre-edited Entire Attn MLP MLP, -~ MLPyoum
LLaMA3-8B Mistral-7B Qwen2.5-7B
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Fine-tuning performance for different locations across three LLMs
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» Benchmarking LocFT-BF in Lifelong Editing @

LocFT-BF vs. Baselines in Lifelong Editing

0 Baselines: MEMIT, RECT, WISE, AlphaEdit, RLEdit, UltraEdit
o Data: 3,000 instances individually sampled from ZsRE, CounterFact, WikiBigEdit
0 Models: LLaMA3-8B, Qwen2.5-7B, Mistral-7B

O Metrics:

« Reliability: editing success rate
« Generalization: performance on paraphrased queries
« Capability: retention of performance across: MMLU, GSM8K, NQ ...

- Efficiency: computational overhead
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» Benchmarking LocFT-BF in Lifelong Editing

Best reliability in all settings Strong capability retention Top-tier efficiency
@  +33.7% J =033% 4% 50x
over the second-best stable across all settings faster than locate-then-edit

LLaMA3-8B Mistral-7B Qwen2.5-7B

Data Method . s :
Rel. Gen. Cap. Time Rel. Gen. Cap. Time Rel. Gen. Cap. Time
Pre-edited — - 57.26 - - — 4482 - - - 58.52 -
MEMIT 2623 2330 2567 990 2430 19.60 18.11 1028 39.57 32.10 47.87 9.93
RECT 003 003 1498 2538 0.17 027 1488 2579 970 820 16.06 2431
g WISE 417 350 ~ 1442 1587 11.33 ~ 1302 767 523 ~ 309
X AlphaBdit 6450 4057 5471 1231 330 3.00 1513 1095 270 233 1631 10.55
N RLEdit 66.67 5940 57.41 058 2610 19.53 2130 047 5457 47.60 60.74  0.65
UlraBdit ~ 34.93 2267 5593 022 4043 2340 4422 004 4010 1977 5925 0.27
LocFT-BF 9897 7583 57.04 027 9893 49.57 4273 031 9887 7437 59.07 049
. MEMIT 7190 4847 1930 934 37.83 28.17 1559 9.06 6837 40.90 4400 8.70
Q  RECT 053 013 1485 21.68 077 037 1567 2221 000 000 14.81 21.69
D WISE 19.80 13.13 ~ 1218 2513 4.60 ~ 1028 20.17 10.20 ~ 2718
@ AlphaBdit 9427 39.90 5409 10.60 6.67 670 1547 975 3217 1810 1746 9.46
Z  RLEdit 6533 3323 5545 046 3630 17.07 2353 040 4433 1890 5848 045
S UlmaEdit 6833 3120 5685 0.8 57.60 2260 4491 003 4133 1533 59.01 0.8

LocFT-BF 99.73 3323 5713 038 99.67 39.53 4146 024 99.73 11.77 58.53 0.48
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= Scaling towards Real-world Setting

State Key Laboratory of Al Safety, ICT, CAS



» Scaling towards Real-world Setting

0 To validate effectiveness for real-world demands, the edit volume was incrementally increased
from 3K to 100K.

0 LocFT-BF consistently maintains high reliability and stable general capabilities.

0 Demonstrates scalability that significantly outperforms existing baseline methods.

RLEdit UltraEdit o— LocFT-BF ——— Pre-edited
Reliability Generalization Capability
1.0 o ’ 1.0
0.6 puuigmesreem e e e e e e e

m 0.8 0.8
o
N 0.6 0.6 P 0.4

0.4 0.4
3 02
— 0.2 0.2

0.0 0.0 0.0

3K 10K 20K 50K 100K 3K 10K 20K 50K 100K 3K 10K 20K 50K 100K
10 @ & P o < 1.0
0.6 o e reErrer———

m 08 0.8
o
W 0.6 0.6 04
=
S 04 0.4
2 0.2
Qo2 0.2

0.0 0.0 0.0

3K 10K 20K 50K 100K 3K 10K 20K 50K 100K 3K 10K 20K 50K 100K
Number of Edits Number of Edits Number of Edits

Evolution of editing performance during the scaling process to 100K edits
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» Scaling towards Real-world Setting @

0 Evaluate LocFT-BF on models ranging from 7B to 72B parameters to test real-world applicability.
O Existing baselines struggle to scale beyond the 7B threshold, due to architectural complexities.

0 In contrast, LocFT-BF is seamlessly applicable to 72B models, maintaining robust and superior

editing performance across all scales.

Stat Qwen2.5-7B Qwen2.5-14B Qwen2.5-32B Qwen2.5-72B
us
Rel. Gen. Cap. Rel. Gen. Cap. Rel. Gen. Cap. Rel. Gen. Cap.
Pre-edited - - 58.52 - - 62.56 - - 63.72 - - 64.84
Default Pos. 99.20 8340 59.33 99.00 78.80 61.62 99.30 70.00 60.27 98.60 6530 63.64
61.12 9940 6820 64.72 99.30 68.30 63.87

Proportional Pos. 99.20 83.40 59.33 99.50 77.90

Editing performance across Qwen2.5 models as scale increases from 7B to 72B parameters
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®» Conclusions @

Complexify the scenarios, not the methods.

0 Correct the long-standing misunderstanding of fine-tuning in model editing, revealing past
failures stem from flawed implementation rather than inherent limitations.

0 Introduce LocFT-BF based on systematic localization analysis, significantly outperforming
state-of-the-art baselines.

0 Pioneer evaluations on 100K edits and 72B models, bridging the gap between research and
real-world deployment.
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