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Can deleting <0.05% of weights unlock
full post-training performance?

Yes! Deletion Tuning learns which pretrained
weights to delete, writes no new values,
and matches full fine-tuning (FFT) at scale.

Post-Training Reasoning

Continual Learning Sparsity

Takeaways

• Performance: matches FFT at scale in three post-training regimes
• Storage: a compressed bitmask, the smallest adapter at every scale
• Retention: keeps prior-task accuracy while the other methods drift
• Mechanism: learns weight updates closest to FFT’s geometry

Learning the Mask Drives the Gains
Wanda pruning (the initialization) stays near the base; Deletion Tuning gains up to 53.2 points.

Matches FFT Under RLVR at the Largest Backbones
From 7B to 30B, dense and MoE, with adapters thousands of times smaller.

Even Matches FFT Under SFT and SDFT
SFT at 3B and on-policy distillation (SDFT) at 7B, across four benchmarks.

Smallest Adapter at Every Scale
Smaller than even LoRA r=1 and MTH 99.95% (random sparse fine-tuning).

Acquires New Capabilities
Solves problems the base model misses in all 128 attempts.

Keeps Prior-Task Accuracy at Every Scale
Stays within one point of the base model, while the baselines lose up to 5.4 points.

Tracks FFT’s Update Geometry Most Closely
Avoids the principal weights and barely shifts the spectrum, as FFT does.

1B 3B 8B0

25

50

75

100

A
cc

ur
ac

y 
(%

)

Llama, GSM8K

1.2

53.5
60.3

1.6

52.5
60.7

54.4

81.5 83.6

0.5B 3B 7B

Qwen, SimpleRL-Zoo

10.4

37.7 40.2

11.4

38.7 42.5

17.6

42.0
52.3

Base Wanda (best sparsity) Deletion Tuning

0 25 50 75 100

Llama8B
GSM8K

Qwen7B
SimpleRL-Zoo

Qwen14B
SimpleRL-Zoo

Qwen3-30B-A3B
SimpleRL-Zoo

Accuracy (%)

60.3
83.2
83.6

40.2
51.9
52.3

44.4
54.9
55.4

49.4
58.4
58.5

1 100 10k 1M

8.4 30633
3647× smaller

6.9 29051
4210× smaller

11.4 56343
4942× smaller

29.6 116471
3935× smaller

Adapter size (MB)
Base FFT Deletion Tuning

0 20 40 60 80

MMLU-Pro
SFT, Llama3B

BBEH
SFT, Llama3B

ToolAlpaca
SDFT, Qwen7B

Science
SDFT, Qwen7B

12.6
21.2
22.3

8.9
11.4
11.4

41.2
68.0
69.1

32.4
71.2
70.6

Accuracy (%)
Base FFT Deletion Tuning

Llama1B Llama3B Llama8B Qwen0.5B Qwen3B Qwen7B0

10

20

30
Adapter size (MB)

4.1

10.7

26.6

1.7

13.7

25.3

2.7
5.8

10.0

2.1

7.1
9.6

1.0
3.1

8.4

0.5
2.7

6.9

MTH 99.95% LoRA r=1 Deletion Tuning

1 2 8 32 128
k (attempts)

40

60

80

100

pa
ss

@
k 

(%
)

95.3

99.6
Llama8B, GSM8K

1 2 8 32 128
k (attempts)

20

40

60

80

100

74.0

80.1

Qwen7B, SimpleRL-Zoo
Base Deletion Tuning

0.0
0.5
1.0
1.5

fo
rw

ar
d 

KL

Llama1B Llama3B Llama8B

0 100 200 348
training step

6
4
2
0
2

 p
rio

r-
ta

sk
ac

c. 
(p

oi
nt

s) base

0 100 200 348
training step

0 100 200 348
training step

Deletion Tuning
FFT

LoRA r=1
LoRA r=4

MTH 99%
MTH 99.95%

1 10 100 1000

FFT
Deletion Tuning

LoRA r=1
LoRA r=4
MTH 99%

MTH 99.95%

Stable rank

0.0001 0.001 0.01

Spectrum drift

0.40 0.45 0.50
random

Principal-weight overlap
Llama8B Qwen7B


