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Large Language Models are highly sensitive to prompt variations

Problem: LLM Prompt Robustness

Real-world prompts often contain:

® Spelling Errors

® \Word Substitutions

® |rrelevant Content

Even small perturbations can significantly degrade performance
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Existing Solutions and Limitations

Current methods

® (Grammar correction tools

® Prompt rewriting

® || M-based prompt optimization

Limitations
® [xtra computational overhead
® [imited adaption

® Pipeline cascading errors
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Problem Formulation

Definition:

* |deal prompt; P

* Clean prompt: P ) {100%)
. z 80%
* Noisy prompt: P’ - @
-50% ®
\ w
P is too difficult to get, So we define noisy prompt as: ~-,-° .
P'=P+N
&
N: Perturbation operation ) L.

To measure the effect of noise, we define;

r = d(P’, P), where d denotes the performance gap.



Proposed Solution: ColPO

Overview

® [Enhance intrinsic prompt robustness of LLMs
® (Construct (clean prompt, noisy prompt) pair

® Align model outputs under clean and noisy prompts

What date is Richard
Nixon 's birthday ?
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Core idea

® (Contrastive learning
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Proposed Solution: ColPO

Inversed DPQO: different inputs -> same output
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Proposed Solution: ColPO

Formula Derivation

Loss function of ColPO:

LinvDPO = _D(P2 Pl’,yl) + D(pl P{,yl),

For function D:

D(P | Put,y) = > KL softmax(My(€(Pret ©))) || softmax(My (6(P @ ))))

teTy
=) KL (p§P”f’y) I pﬁp’y)) :
teT,
Then we get:
£= - 3 KL P + 3 KL pf™ ),

teTy, t€Ty,



Experiment Results

Performance Comparison of Llama Under Different Perturbations and Datasets. Acc means
accuracy score (%), Diff means score difference compared to clean (%).

MNLI MRPC QNLI QQP SST2 Avg

Perturbation ~ Method  , " "y  Acc Dif Acc Diff Acc Dif Acc Diff  Acc  Diff

Base 51.00 / 62.04 / 52.54 / 29.87 / 80.04 / 55.10 /
Clean SFT 56.13 / 41.04 / 46.54 / 58.62 / 84.04 / 57.28 /
COIN 61.58 / 56.92 / 53.79 / 50.67 / 86.38 / 61.87 /
CoIPO 61.50 / 64.50 / 56.21 / 66.04 / 86.75 / 67.00 /
Base 39.96 11.04 42.12 19.92 41.00 11.54 13.17 16.71 52.04 28.00 37.66 17.44
TextFolder SFT 54.83 1.29 39.79 1.25 43.08 3.46 51.33 7.29 80.29 3.75 53.87 341
COIN 52.83 8.75 51.71 5.21 48.75 5.04 42.12 8.54 85.13 1.25 56.11 5.76
CoIPO 58.00 3.50 64.38 0.13 51.12 5.08 52.17 13.88 85.42 1.33 62.22 4.78
Base 42.62 8.38 47.29 14.75 48.00 454 17.50 12.37 61.46 18.58 43.37 11.73
DeepWordBug SFT 52.83 3.29 39.58 1.46 44.37 2.17 51.04 7.58 82.71 1.33 54.11 3.17
COIN 51.92 9.67 51.34 5.58 45.13 8.67 39.46 11.21 86.29 0.08 54.83 7.04
CoIPO 57.33 4.17 61.50 3.00 51.04 5.17 48.54 17.50 86.54 0.21 60.99 6.01
Base 47.71 3.29 55.62 6.42 47.67 4.88 20.25 9.62 75.75 4.29 49.40 5.70
CheckList SFT 54.13 2.00 40.25 0.79 40.33 6.21 57.17 1.46 81.46 2.58 54.67 2.61
COIN 59.58 2.00 55.08 1.83 52.00 1.79 50.21 0.46 85.04 1.33 60.38 1.48
CoIPO 59.38 2.12 63.67 0.83 53.58 2.62 64.50 1.54 85.83 0.92 65.39 1.61
Base 45.46 5.54 51.33 10.71 53.33 -0.79 21.00 8.87 67.12 12.92 47.65 7.45
StressTost SFT 50.17 5.96 39.54 1.50 50.12 -3.58 50.04 8.58 78.50 5.54 53.68 3.60
COIN 54.46 7.12 58.33 -1.42 55.58 -1.79 45.75 4.92 84.96 1.42 59.82 2.05
CoIPO 55.71 5.79 66.29 -1.79 57.08 -0.88 55.04 11.00 85.33 1.42 63.89 341
Base 45.35 7.06 51.68 12.95 48.51 5.04 20.36 11.89 67.28 15.95 46.64 10.58
Avg SFT 53.62 3.14 40.04 1.25 44.89 2.06 53.64 6.23 81.40 3.30 54.72 3.20

COIN 56.08 6.89 54.68 2.80 51.05 3.43 45.64 6.28 85.56 1.02 58.60 4.08
CoIPO 58.38 3.89 64.07 0.54 53.81 3.00 57.26 10.98 85.98 0.97 63.90 3.88




Experiment Results

Performance Comparison of Qwen Under Different Perturbations and Datasets. Acc means
accuracy score (%), Diff means score difference compared to clean (%).

MNLI MRPC QNLI QQpP SST2 Avg

Perturbation ~ Method  , " "y  Acc Diff Acc Dif Acc Diff Acc Diff  Acc  Diff

Base 83.29 / 61.16 / 71.92 / 70.67 / 89.21 / 75.25 /
Cleaii SFT 80.21 / 74.12 / 71.96 / 72.54 / 90.87 / 77.94 /
COIN 87.71 / 76.46 / 77.08 / 80.83 / 92.54 / 82.93 /
CoIPO 86.75 / 78.83 / 78.75 / 84.08 / 91.00 / 83.88 /
Base 76.79 6.50 58.33 2.83 67.62 4.29 61.50 9.17 78.08 11.12 68.47 6.78
TextFolder SFT 80.83 -0.62 71.08 3.04 67.92 4.04 68.46 4.08 86.67 421 74.99 2.95
COIN 87.58 0.12 75.88 0.58 73.33 3.75 71.79 9.04 91.54 1.00 80.03 2.90
ColPO 87.21 -0.46 72.62 6.21 77.46 1.29 84.04 0.04 90.00 1.00 82.27 1.62
Base 71.17 6.13 53.75 7.42 70.88 1.04 70.83 -0.17 88.04 1217 72.13 3.12
DeepWordBug SFT 79.83 0.37 7242 1.71 76.79 -4.83 71.29 1.25 89.83 1.04 78.03 -0.09
COIN 87.08 0.62 76.83 -0.38 79.62 -2.54 73.87 6.96 91.33 1.21 81.75 1.18
ColPO 86.38 0.37 78.83 0.00 81.33 -2.58 82.08 2.00 90.96 0.04 83.92 -0.03
Base 81.58 1.71 64.83 -3.67 65.17 6.75 74.21 -3.54 90.25 -1.04 75.21 0.04
CheckList SFT 80.62 -0.42 73.71 0.42 71.50 0.46 66.54 6.00 91.42 -0.55 76.76 1.18
COIN 88.08 -0.38 75.54 0.92 74.38 2.71 78.21 2.62 92.67 -0.12 81.77 1.15
CoIPO 86.04 0.71 79.38 -0.54 78.79 -0.04 84.29 -0.21 91.37 -0.37 83.97 -0.09
Base 82.75 0.54 52:17 9.00 69.12 2.79 64.12 6.54 82.50 6.71 70.13 5.12
StressTest SFT 80.21 0.00 73.08 1.04 71.71 0.25 71.25 1.29 86.42 4.46 76.53 1.41
COIN 86.96 0.75 76.17 0.29 74.79 2.29 74.71 6.12 91.92 0.62 80.91 2.02
ColPO 86.21 0.54 78.12 0.71 77.54 1.21 83.54 0.54 90.62 0.38 83.21 0.68
Base 80.32 3.72 58.05 3.89 68.94 3.72 68.27 3.00 85.62 4.49 72.24 3.76
Avg SFT 80.34 -0.17 72.88 1.55 71.97 -0.02 70.02 3.16 89.04 2.29 76.85 1.36

COIN 87.48 0.28 76.18 0.35 75.84 1.55 75.88 6.19 92.00 0.68 81.48 1.81
ColPO 86.52 0.29 77.56 1.59 78.77 -0.03 83.61 0.59 90.79 0.26 83.45 0.54
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Experiment Results

Trend chart illustrating the decline in performance with
iIncreasing perturbations.

—e— [lama Base
~-=~ Llama + ColPO

801

60 1

40+

20
—e— Qwen Base
=== Qwen + ColPO
0 4
0 10 20 30 40 0 10 20 30 40 50 60 70

Pertuation



Experiment Results

Ablation experiment result. ColPO outperforms all other methods,
demonstrating the effectiveness of the approach and the necessity

of each of its components.

Clean TextFolder DeepWordBug CheckList StressTest Avg
Model ~ Method .. "Diff Acc Diff Acc Diff Acc Diff  Acc  Diff Acc  Diff
SFT 57.28 / 53.87 341 54.11 3.17 54.67 2.61 53.68 3.60 5472  3.20
Llama CL 61.87 / 56.11 5.76  54.83 7.04 60.38 1.48 59.82 2,05 58.60 4.08
InvDPO  65.89 / 59.84 6.05 61.14 4.75 64.89 1.00 6182 407 6272 397
CoIPO 67.00 / 6222 478  60.99 6.01 65.39 1.61 63.89 3.11 6390 3.88
SFT 77.94 / 7499 295 78.03 -0.09  76.76 1.18 76.53 141  76.85 1.36
Q CL 82.93 / 80.03 290 81.75 1.18 81.77 1.15 8091 2.02 8148 1.8l
Vel mvDPO 8331 / 8241 090 8350 -0.18 82.71 0.60 8236 095 8286 056
CoIPO 83.88 / 8227 162 8392 -003 8397 -0.09 8321 0.68 8345 0.54
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Thank You!

Project repo:_https://github.com/vegetable-yx/ColPO
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