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ABSTRACT

Fine-tuning pre-trained language models (LMs) has become the de-facto standard
method for improving state-of-the-art performances on various NLP tasks. Al-
though these models are usually evaluated with accuracy on fixed validation sets, it
is insufficient for the reliable deployment of fine-tuned LMs in real-world settings,
as there are known issues within existing model evaluations, such as adversarial
robustness and model calibration. To address such issues, we propose a simple
yet effective training algorithm, coined Robustifying LMs via Adversarial training
with Masked gradient (RAM), to improve the robustness of fine-tuned LMs. In
particular, we leverage adversarial training to robustify LMs for various types of
perturbations. Simultaneously, to prevent the trained model from largely deviat-
ing from the initial pre-trained model, we selectively update the important model
parameters using the masked gradients; their relative importance is obtained from
the gradients calculated during training. Consequently, it enables the model to
preserve the generalizability of the pre-trained model while improving its robust-
ness. Additionally, we construct a new benchmark to evaluate the robustness of
fine-tuned LMs in terms of four representative aspects of model robustness in a
unified way. Under these benchmarks, we demonstrate the effectiveness of RAM
compared to other state-of-the-art fine-tuning methods, and verify that RAM is
successfully robustifying various types of LMs. Our work suggests a rethinking of
the robustness aspect of LMs as an essential direction for their reliable deployment,
along with a simple yet effective solution.

1 INTRODUCTION

Recent success of self-supervised learning (Jing & Tian, 2020; Brown et al., 2020) has enabled a
new approach of learning language models (LMs) using a large amount of unlabeled text corpora
(Kenton & Toutanova, 2019; Liu et al., 2019). Fine-tuning these pre-trained LMs now has become the
de-facto standard, as it significantly boosts state-of-the-art performance on numerous natural language
processing (NLP) tasks, including text classification (Wang et al., 2019) and machine translation
(Raffel et al., 2020). Up to now, the common practice for evaluating fine-tuned LMs is measuring the
task performance (e.g., accuracy) on a separate validation set; various training methods have been
proposed to improve the effectiveness of fine-tuning further, focusing on this evaluation methodology
(Aghajanyan et al., 2021; Wu et al., 2021).

However, it is unclear whether or not the performance on the fixed validation sets is sufficient to
determine if a model can be reliably deployed in real-world settings, as state-of-the-art LMs are
still prone to having robustness issues in various aspects; for example, their predictions are known
to be vulnerable to small perturbations (Jin et al., 2020) or superficial cues (Kavumba et al., 2019).
Hence, an ideal model to be deployed in the real-world should exhibit the following characteristics in
terms of model robustness: generalization on distribution-shifted data (Ng et al., 2020), resiliency to
adversarial perturbation (Wang et al., 2021b), calibrated predictions (Desai & Durrett, 2020), and
discriminability of anomaly inputs (Tack et al., 2020).

To this end, prior studies have investigated the robustness of fine-tuned language models in a single
aspect separately (Wang et al., 2021a; Zhou et al., 2021; Nam et al., 2022; Hendrycks et al., 2020).
But, it has been shown that optimizing for certain desired aspects frequently comes at the expense of
others: adversarial training improves adversarial robustness but the performance often degrades on
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the clean test set (Zhang et al., 2022). Or the model could suffer to discriminate whether the given
input is an anomaly or not, although it shows state-of-the-art accuracy in the validation set (Guo et al.,
2017). These results indicate the necessity of a unified evaluation of model robustness in multiple
aspects, and a single effective method that can improve robustness in these aspects simultaneously;
however, despite its importance, this direction is yet under-explored in NLP tasks.

Contribution. In this paper, we propose a new effective fine-tuning method to improve the robustness
of LMs, coined RAM: Robustifying LMs via Adversarial training with Masked gradient. Our idea
is to simulate an artificially constructed noise during the training to make fine-tuned LM robust
for various perturbations, via adversarial training; by directly minimizing the worst-case error,
adversarial training has been shown the effectiveness for various aspects of model robustness (Madry
et al., 2018; Volpi et al., 2018). To prevent the fine-tuned LM from deviating too much from the
initial pre-trained LM during adversarial training, we further propose to selectively update the
model parameters based on their relative importance. In this way, RAM can potentially preserve
the generalizable knowledge of pre-trained LM and further enhance the model’s robustness. To be
specific, the relative importance of model parameters is measured using their gradients calculated
during the backward pass of training. This relative importance is then converted into the gradient
masks in a proposed way, and the model parameters are selectively updated via the masked gradients.
The behavior of these masked gradients is demonstrated with a provided theoretical analysis.

To facilitate the unified evaluation of fine-tuned LMs across multiple aspects of model robustness,
we construct new benchmarks on two popular NLP tasks: sentiment classification and entailment.
Specifically, we consider four representative aspects of model robustness: distribution-shift gen-
eralization (i.e., out-of-domain generalization), adversarial robustness, calibrated prediction, and
anomaly detection. Although these aspects have been separately explored, we regard them together
for evaluating fine-tuned LMs with a unified viewpoint of model robustness. Under these robustness
benchmarks, we demonstrate the effectiveness of RAM for improving the robustness of fine-tuned
LMs. For example, across 4 different robustness aspects along with a standard validation accuracy,
RAM exhibited 18.39% and 7.63% average relative improvement compared to the vanilla fine-tuning
method on sentiment classification and entailment tasks, respectively. We also found that RAM
significantly improves the robustness of six state-of-the-art LMs, which further demonstrates its
practical usefulness as a simple yet effective solution for model robustness.

Overall, our work highlights the importance of improving the robustness of fine-tuned LMs, which
is often overlooked when we focus on the accuracy of the fixed validation sets. We believe that our
work can inspire researchers to rethink the under-explored, yet important problem for the reliable
deployment of LMs in real-world scenarios.

2 RELATED WORKS

Evaluation of model robustness in multiple aspects. For deployment in real-world settings,
models should be robust in various aspects, not just be accurate on the given validation set, which is
separately drawn from training distribution. Such robustness is crucial for safety-critical applications
by preventing misuse of the classifiers, such as self-driving cars and medical diagnoses (Shen et al.,
2017). Generalization on distribution-shifted (i.e., out-of-domain) datasets considers how the models
are well-generalized to various forms of distribution shift at test time (Ng et al., 2020; Liu et al.,
2022); for example, the classifier trained on particular sentiment classification dataset is expected to
also perform well on another sentiment classifation dataset, as both datasets are constructed to solve
the same task. On the other hand, it is well known that the predictions of deep neural networks can be
arbitrarily wrong, even with human-imperceptible perturbations (Goodfellow et al., 2015). Since this
problem is not exceptional for the recent LMs with word- or sentence-level adversarial attacks (Jin
et al., 2020; Li et al., 2020), the resiliency to the adversarial examples is also an important aspect of
the robustness. Model calibration considers the alignment between the model’s predicted probability
and the true correctness likelihood (Guo et al., 2017; Desai & Durrett, 2020), and hence it is essential
for the reliability and interpretability of the model’s prediction. Anomaly detection performance
measures the model’s capability to distinguish whether the given input comes from out-of-distribution
(OOD) to the trained one (Hendrycks et al., 2020; Zhou et al., 2021). In the vision domain, Hendrycks
et al. (2022) recently conducted an investigation on the existing data augmentations to verify their
robustness in multiple aspects; however, such investigation has not yet been conducted in NLP tasks.
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Figure 1: Illustration of proposed RAM: Robustifying via Adversarial training with Masked gradient.

Improved fine-tuning of language models. Various fine-tuning schemes have been explored to
improve the generalization and robustness of the fine-tuned LMs upon a (limited) training data for
the downstream tasks (Kim et al., 2022). One of the most representative ways is perturbation-based
regularizations, which makes the model robust by adding the specific types of perturbation on the
inputs during training. Wu et al. (2021) generates two different predictions of the same input using
different Dropout masks, then make them similar with a consistency regularization. For the specific
perturbation, Jiang et al. (2020) considers adversarial perturbation on the word embeddings to simulate
the challenging view of inputs, and (Ng et al., 2020) substitutes the words using pre-trained masked
LMs (e.g., BERT), respectively. On the other hand, various training schemes have been explored
to preserve the generalizable knowledge of pre-trained LMs during fine-tuning. Aghajanyan et al.
(2021) identifies a risk of losing the generalizable knowledge from naive fine-tuning, and propose a
noise-based regularization to prevent it. Chen et al. (2020) directly incorporates the distance between
the parameters of fine-tuned and pre-trained models as a regularization, and Xu et al. (2021) proposes
only to update the subset of the model’s parameters. Recently, a two-step strategy of linear probing
and then full fine-tuning is shown to be effective for the distribution-shift generalization (Kumar
et al., 2022). However, despite its practical importance, an exploration for better fine-tuning of LMs
to pursue the robustness in multiple aspects is under-explored; hence, we propose a single effective
method that can improve model robustness considering these multiple aspects simultaneously.

3 IMPROVING ROBUSTNESS OF FINE-TUNED LANGUAGE MODELS

3.1 OVERVIEW AND PROBLEM DESCRIPTION

Overview. In this section, we present our technique, RAM, that can be applied to improve the
model robustness during fine-tuning. We first impose an artificially constructed noise into training
samples via adversarial training, to improve the robustness during fine-tuning. To further enhance the
adversarial training by preserving the generalizable knowledge of pre-trained LM , we selectively
update the model parameters by identifying the relatively important ones. Specifically, the relative
importance of model parameters is calculated from their gradients and converted into the gradient
masks. Then, the model is updated with these masked gradients. In Section 3.2, we elaborate the
specific components of RAM. Figure 1 presents the overview of our method.

Problem description. We first describe the problem setups of our interest under a text classification
scenario. Let D denote the given training dataset for target task consisting of tuples (x,y) € D where
x = [x1,..., 1] and y are the sequence of input tokens z; and the target label, respectively. Then,
we train a classifier fo(x) on D, initialized with a pre-trained transformer-based language model
(e.g., BERT (Kenton & Toutanova, 2019)), by minimizing the task-specific training loss Lask (X, y)
such as a cross-entropy loss £y, := —ylog fo(x),. Unlike the typical scenario, our goal is not only
to improve the model’s accuracy on the validation set from training distribution but also to make it
robust in various aspects for reliable deployment in real-world settings.

3.2 ROBUSTIFYING VIA ADVERSARIAL TRAINING WITH MASKED GRADIENT

Next, we present our specific techniques to improve the robustness of fine-tuned language models: (a)
adversarial training, (b) measuring the relative importance of the model’s parameters from the gradient,
and (c) gradient masking from the relative importance for selective update of model parameters.
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Algorithm 1 GetMask: Sampling Gradient Mask from Relelative Importance Scores

Input: Relative importance scores {s(0)|6 € ©}, masking ratio «, smoothness factor /3
for each parameter 6 € © do
5(0) < argsort(s(6))/1{0}|
p(0) < 1/(1 +exp(25(5(0) — a)))
m(0) ~ Bernoulli(p())
end for
Return: {m(0)|6 € ©}

Adpversarial training. To improve the robustness of the trained model fg, we first incorporate adver-
sarial training during fine-tuning. Specifically, for each training iteration, we construct adversarial
example X and then train the model using both of x and x:'

[’train - »Ctask(xv y) + [’task(iv y) + )‘ﬁcons (X, i) (l)
where Leons (X, X) 1= Dx(fo (%), fo(X)) + Dxu(fo(X), fo(x)) is a bidirectional KL divergence

(Wu et al., 2021) with a hyper-parameter A. For constructing X, we use a single step gradient ascent
(Jiang et al., 2020) with a step size § under £, norm, i.e., X := X+ - (0Lsask/0X)/||0Lsask/OX||oo-

Measuring relative importance of model parameters. To measure the relative importance s(6) of
each model parameter § € © with respect to the given task D and the training loss Lirain, We Use a
sum of the square of gradients as its measurement:

$0) =2 yep 9O 9(0) = OLurasn/00 @

It is worth noting that this sum of the square of the gradients is highly connected to Fisher information
matrix, which provides a point estimate of the task-relevant importance of the parameters (Kirkpatrick
et al., 2017; Xuhong et al., 2018). However, additional calculation of the gradients for all samples
significantly enlarges the training cost. To alleviate this, we instead use the gradients calculated
during the backward pass for model training; although the different value of § at different training
steps is used to calculate the gradient of each sample, we empirically verify that such approximation
is effective and remark that similar approach has been used in other domain (Berthelot et al., 2019).

Sampling of gradient mask. Using the obtained relative importance scores {s(6)|0 € ©}, we
decide whether update each model parameter € or not, as described in Algorithm 1. Specifically,
we first obtained the normalized scores $(6) from their relative order in terms of magnitude, e.g.,
$(Onin) = 0 < 5(0) < 1 = 5(0pax) Where bpip, := arg mingee s(0) and Opay := arg maxgpeco s(0).
After that, we set a sampling probability p(6) using a smooth approximation of the Heaviside step
function with the logistic function (Davies, 2002):

p(6) = 1/(1+exp(28(3(6) — ) ©)

where o and 3 are hyper-parameters to control the masking ratio and smoothness, respectively.
Remarkably, p(#) becomes the previous hard thresholding (Zhang et al., 2021; Xu et al., 2021) as
B8 — oo, while the smooth approximation uses the relative importance in a more calibrated way.
Then, from Bernoulli distribution with a probability p(6), gradient mask m(6) is sampled as follow:

m(6) ~ Bernoulli(p(6)) (4)

Finally, we selectively update the model parameters using the masked gradient g(6) from the obtained
mask m(0) and scaling term 1/p(6) with a learning rate 7:

0« 0—n-3(0), §0) = (m(0)/p(9)) © g(0) 5

To further demonstrate the proposed training scheme with the obtained masked gradient g(8), we
provide the following theoretical backup based on the results by Xu et al. (2021).

Corollary. Under the mild assumptions, the obtained masked gradients g(0) becomes an unbiased
estimator of the original gradient g(0), i.e., E[g(0)] = ().

'Instead of adding discrete token-level adversarial perturbation (Jin et al., 2020), we consider embedding-level
continuous perturbation (Zhu et al., 2020) that add noise on the word embedding of each token.
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Algorithm 2 RAM: Robustifying Fine-tuning via Adversarial Training with Masked Gradients

Input: Classifier from a pre-trained model fg, training data D, learning rate 7, mask update
frequency 7'a¢, masking ratio «, smoothness factor /3, adversarial noise magnitude ¢, coefficient
for consistency regularization A

G(©) + InitGrad(fe, D)
for each iteration t do
if t % T, =0 then
{s(0)|0 € ©} + G(©), G(O) «+ 0
{m(0)|0 € O} < GetMask({s(8)},a, B) 1
end if
(x, y) ~D
X ¢ X+ 0 (0Lask/0%)/]|0Lsask/0X|| 0o
g(a) — aCtrain/((‘)gv »C'train = »Ctask (Xv y) + »Ctask (§7 y) + )\»Ccons (Xv i)
0 0—n-((m(0)/p(0)) © g(0))
G(0) < G(6) U g(0)

end for

We present the formal derivation of Corollary in Appendix B. In addition, we empirically observe
that the proposed method can work without scaling term and it sometimes outperforms the original.
Hence, we consider the apply of scaling or not as the additional hyper-parameter. In summary,
we accumulate the gradients during each training epoch to calculate relative importance, and then
generate the gradient masks for the next epoch. Overall procedure of RAM is described in Algorithm
2. Also, more details of RAM are in Appendix A.3.

4 EXPERIMENTS

In this section, we evaluate the effectiveness of our algorithm for the robustness of fine-tuned language
models using two important NLP tasks: (1) sentiment classification and (2) entailment task. We
first describe the experimental setups, including the details how the robustness benchmarks are
constructed, in Section 4.1. In Section 4.2, we present empirical evaluations on RAM and other
baseline algorithms with two constructed robustness benchmarks. Finally, in Section 4.3, we provide
additional results on our method regarding (a) compatibility with various language models, (b)
ablation of each component, (c) qualitative analysis.

4.1 EXPERIMENTAL SETUPS

Tasks and metrics. With two popular NLP tasks, sentiment classification and entailment tasks, we
develop benchmarks for measuring the robustness of trained model in a unified way. We use SST-2
(Socher et al., 2013) and MNLI (Williams et al., 2018) for training on each task, respectively.

o In-distribution performance (Acciy): To measure the performance with respect to training distribu-
tion (i.e., in-distribution), we measure the accuracy on the validation sets provided from both datasets,
following a usual practice (Wang et al., 2019).

o Distribution-shift generalization (Accgpisy): To evaluate the model’s capability on distribution-shift
(i.e., out-of-domain) generalization, we measure the average accuracy on multiple distribution shifted
datasets. For entailment task, we follow the setups in (Liu et al., 2022); 7 different entailment datasets
are used to evaluate the entailment classifier. For sentiment classification, we use 5 different sentiment
datasets following the setups in (Potts et al., 2021).

o Adversarial robustness (AccCaqy): To measure the adversarial robustness of model, we first construct
the text-level adversarial examples using TextFooler (Jin et al., 2020) on vanilla fine-tuned BERT
and RoBERT models, following (Wang et al., 2021a). We also consider the datasets constructed via
dynamic adversarial data collection with human-in-the-loop (Nie et al., 2020; Potts et al., 2021). In
addition, we use the datasets from a recent benchmark for adversarial robustness, AdvGLUE (Wang
et al., 2021b), which incorporate the various types of adversarial noises. At the end, we report the
average performance on these multiple datasets.
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e Model calibration (ECE): To measure the model’s calibration performance, we report the average
Expected Calibration Error (Guo et al., 2017), denoted ECE, calculated during the all evaluations on
different datasets including in-distribution, distribution-shifted, and adversarial datasets. As a lower
ECE indicates a better calibration unlike other considered robustness metrics, we denote it with ().

o Anomaly detection (AUROC): To measure the performance about the anomaly detection, we use
the multiple external datasets as anomaly samples following the setups in the recent related works
(Hendrycks et al., 2020; Zhou et al., 2021). We use the maximum softmax probability score function
(Hendrycks et al., 2020) for the evaluation method, and AUROC as the evaluation metric, respectively.

To evaluate a given model by considering multiple robustness aspects in a unified way, we first report
average relative improvement A,,, compared to vanilla algorithm across different evaluation metrics:

1 —
Aawg = ZAsa As:wa 0<A; <1 (6)

B E ses Smax — Sbase

where S = {AcCin, ACCghist, ACCady, ECE, AUROC}. s and Spase are the performances of the given
model and vanilla model, respectively. sy denotes the best score of each metric: 100 for accruacy
metrics, 0 for ECE, and 1 for AUROC. In addition, we report the average rank, Rank,,g, among
multiple baseline algorithms averaged across five different measurements in S. More details about
the datasets for each robustness measurement are presented in Appendix A.1.

Baselines. We compare our method with various baseline fine-tuning algorithms in NLP tasks. We
first consider a naive fine-tuning method, denoted by Vanilla. Then, we first consider a wide range of
perturbation-based fine-tuning algorithms denoted by (/a) WordDrop (Guo et al., 2020): dropping
input words; (/b) LayerDrop (Fan et al., 2020): dropping some blocks; (/c¢) DropHead (Zhou et al.,
2020): dropping some heads within attention layer; (/d) HiddenCut (Chen et al., 2021a): dropping
spanned hidden features; (/e) AdvWeight (Bahri et al., 2022): adding adversarial perturbation on the
model parameters; (/f) AdvEmbed (Zhu et al., 2020): adding adversarial perturbation on the word
embeddings. On the other hand, we also consider the recent state-of-the-art algorithms to preserve the
generalizable knowledge of pre-trained language models during fine-tuning: (2a) R3F (Aghajanyan
et al., 2021): noise-based consistency regularization to prevent representation collapse; (2b) Weight
Consolidation (WConsol) (Chen et al., 2020): incorporation of {5 distance between trained and
pre-trained models as a regularization; (2¢) Child-tuning (C-Tune) (Xu et al., 2021): selective update
of model parameters with a sampled child model; (2d) LP-FT (Kumar et al., 2022): two-step strategy
of linear probing and then full fine-tuning. More details of baselines are presented in Appendix A.2.

Training details. All models are trained using AdamW (Loshchilov & Hutter, 2019) with its default
parameters (01, B2, €)=(0.9, 0.98, 1e-6) and a fixed weight decay of 0.01. We use a linear learning
rate decay with fixed warmup ratio 0.06 and learning rate n=1e-5 (Liu et al., 2019). Then, the models
are fine-tuned using the specified method with batch size 16 for 10 epochs. Except the experiments
with Table 3, all the experiments are conducted with RoBERTa-large. Both of baselines and our
method are optimized with its own hyper-parameters from a fixed set of candidates based on the
validation set, with presented candidates in Appendix A.2. In the case of RAM, we use a fixed
§ = 0.1 with A € {0.01,0.1,0.5} for its adversarial training. For the hyper-parameters of gradient
masking, we use o € [0.6,0.95] and 8 € {1, 5,10} along with the application of a scaling term. As
described in Section 3.2, we accumulate the gradient information through each training epoch, then
sample the gradient mask from them for the next epoch. More details can be found in Appendix A.3.

4.2 EXPERIMENTAL RESULTS ON ROBUSTNESS BENCHMARKS

To verify the effectiveness of the proposed RAM for improving the robustness of language models,
we evaluate RAM with various baselines under the scenario of fine-tuning RoOBERTa-large model (Liu
et al., 2019). As described in Section 3.1, we use SST-2 and MNLI datasets for the training on both
sentiment classification and entailment tasks, respectively; then, the robustness of fine-tuned model is
evaluated with a unified viewpoint of model robustness using the constructed benchmarks. Table 1 and
2 summarizes the experimental results on sentiment classification and entailment task, respectively.
First, it is worth noting that the common evaluation method using the accuracy on given validation
set is actually not enough to fully capture the effectiveness of given model with the consideration of
robustness. For example, all the baselines successfully improve the vanilla fine-tuning in the aspect
of validation accuracy, but their robustness could be rather degraded sometimes as denoted in Table
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Table 1: Robustness measurements of RoOBERTa-large fine-tuned on SST-2 dataset for sentiment
classification. All the values and error bars are mean and standard deviation across 3 random seeds.
The best and the second best results are indicated in bold and underline, respectively.

Method |  Acciy AcCenift ACCagy ECE(]) AUROC A, Rank.,
Vanilla | 96.29+014 91.79+013  66.30+214 7.11+082 86.72+3.60 0.00 11.0

WordDrop | 96.44+003  89.95+070 69.46+060 7.33+078 87.57+191  -1.14 10.8
LayerDrop | 96.60+00s 91.87+012  69.65+079 5.96+028 89.19+024 10.76 5.6
DropHead | 96.48+0.14 91.50+023 69.53+014 5.90+000 88.81+040  8.78 8.4

R-Drop | 96.44+009 91.75+021 69.00+152  6.05+087 89.19+120  9.02 8.6
HiddenCut | 96.67+034 91.14+020 70.32+078 5.47+043 89.91+03 12.26 5.2
AdvWeight | 96.41+020 91.92+015 65.47+077  7.36+034 87.80+098 1.33 10.0
AdvEmbed | 96.48+005s 91.75+032 69.90+090 5.51+016 90.79+035 13.70 5.0

ChildPTune | 96.56+004 91.75+0235 69.54+014 5.57+015  87.00+0.15 7.98 7.4
R3F | 96.56+000 91.79+009 69.13+155 5.83+015 88.49+049 9.38 7.4
WConsol | 96.60+022 92.15+025 70.86+012 5.01+027 89.61+103 15.47 2.8
LP-FT | 96.33+025 91.85+017 72.48+005 4.05+020 89.46+077 16.75 5.0

RAM (Ours) | 96.87+020 92.38+012 72.57+053 5.45+040 90.37+065 18.39 1.6

Table 2: Robustness measurements of ROBERTa-large fine-tuned on MNLI dataset for entailment
task. All the values and error bars are mean and standard deviation across 3 random seeds. The best
and the second best results are indicated in bold and underline, respectively.

Method |  Accin ACCgpift AcCagy ECE (]) AUROC Ay  Rankgyg
Vanilla ‘ 89.97+004 64.31+0s58 48.60+131  12.64+079 92.09+226 0.00 8.4

WordDrop | 90.35+0.17  63.20+044 52.45+078 12.17+004 87.97+140  -8.15 7.8
LayerDrop | 90.55+010 62.44+013 49.50+0s5 11.37+013  89.89+060  -3.20 8.0
DropHead | 90.59+000 63.03+069 50.63+045 11.09+047  90.98+2.07 0.88 6.0
R-Drop | 90.64+003 62.74+013 51.24+090 11.73+032  91.89+047 2.45 54
HiddenCut | 90.48+01s 63.84+026 50.43+012 11.83+026 91.64+039 1.60 6.4
AdvWeight | 90.19+013  62.87+057  48.00x072  12.38+071  91.01x093  -2.97 10.4
AdvEmbed | 90.24+007 64.23+038 50.20+072  12.48+071  93.83+052 5.72 6.4

ChildPTune | 90.08 007 64.09+0ss 46.48+100 13.63+320 86.60+590 -16.14 11.2
R3F | 90.41+007 63.54+031 50.29+049 11.39+125 91.81+141 2.31 6.6
WConsol | 90.54+001 65.04+055 49.00+010 10.84+t090 91.49+140 2.99 4.8
LP-FT | 90.424+014 64.70+05¢ 48.82+090 12.64+039 93.63+0s8 5.11 6.4

RAM (Ours) ‘ 90.64+011  63.95+051  51.33+03¢ 11.02+045 93.2510.15 7.63 2.8

2. These results support the necessity of consideration for model robustness with various aspects in
a unified way, rather than only focusing on validation accuracy. Also, it is noticeable that there is
no single best method when the multiple aspects of model robustness are considered, which would
indicate the value of single unified measurement to facilitate the evaluation.

On the other hand, it is observed that RAM consistently outperforms the baseline fine-tuning methods.
To be specific, across 4 different robustness metrics along with a validation accuracy, RAM exhibits
18.39 % and 7.63% average relative improvement compared to the vanilla fine-tuning on both
sentiment classification and entailment tasks, respectively. Furthermore, compared to the previous
best fine-tuning methods in the aspect of unified robustness, RAM outperforms them with the margins
of 1.64% and 1.89% for both tasks, respectively. Consequently, our method achieves the average
ranking of 2.2 while the previous best method achieves 3.8. These results demonstrate that the
proposed RAM could serve as a simple yet strong method for robustifying language models. The
results on each dataset are presented in Appendix D.

4.3 ADDITIONAL ANALYSES

Effectiveness on different language models. To further demonstrate the practical usefulness of
our RAM, we verify its effectiveness across the different types of pre-trained language models.
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Table 3: Robustness with different language models. Average relative improvements (A,g) compared
to vanilla fine-tuned BERT-large are reported for each model. All the values is mean across 3 random
seeds. The best result of each language model is indicated in bold. More detailed experimental
results, such as the performances on individual robustness metrics, are presented in Appendix C.

Entailment Sentiment Classification
Model \ Vanilla AdvEmbed WConsol RAM \ Vanilla AdvEmbed WConsol RAM
BERT-large | 00.00 22.85 20.23 25.34 | 00.00 18.24 15.85 22.76
RoBERTa-large | 37.98 39.35 40.75 41.31 | 38.40 44,94 47.35 48.33
ALBERT-xxlarge | 42.86 42.74 41.43 44.29 | 24.75 45.34 42.36 51.13
XLNet-large | 32.79 34.48 33.19 36.04 | 37.24 37.03 34.38 41.46
ELECTRA-large | 39.47 41.36 38.49 42.96 | 47.85 48.24 46.21 49.76
DeBERTa-large | 36.18 39.73 37.74 44.48 | 40.21 44.84 42.33 52.23

Table 4: Ablation study with each component of RAM on the sentiment classification with ROBERTa-
large. All the values and error bars are mean and standard deviation across 3 random seeds. The best
and the second best results are indicated in bold and underline, respectively.

Method | AT s(8) p(d) m(f) | Accin AcCenift AcCagy ECE(l) AUROC Ay,

Vanilla | - - - - 96.29+0.14  91.79+013  66.30+214  7.11x0s2  86.72+360  0.00
AdvEmbed | v - - - 96.48+005s  91.75+032  69.90+090 5.51x016 90.79+035 13.70
RAM (Ours) - v - - 96.67+0.19 91.99+003 70.25+012  5.65+04s8 89.92+0s3 13.80
v v - - 96.71+024 91.88+026 72.01+073 5.141031 89.66+073 15.83

v v v - 96.441025  91.65+026 70.48+121 6.17+x071  91.23+104  12.28

v v v v 96.87+020 92.38+0.12  72.57+053 5.45+040 90.37+06s 18.39

Specifically, in addition to RoBERTa-large used in Section 4.2, we conduct the additional experiments
with five recent state-of-the-art language models with similar number of model parameters: BERT-
large (Kenton & Toutanova, 2019), ALBERT-xxlarge (Lan et al., 2020), XLNet-large (Yang et al.,
2019), ELECTRA-large (Clark et al., 2020), and DeBERTa-large (He et al., 2021). In Table 3, we
present the experimental results by comparing the average relative improvement from RAM compared
to two representative baselines, AdvEmbed and WConsol, that show the large improvements in Table
1 and 2. We note that the best hyper-parameters found in Section 4.2 are inherited without additional
cost from the separate search. Also, to facilitate the comparison between different language models,
we calculate the average relative improvement using the vanilla fine-tuned BERT as the common
baseline for spase in Eq. 6. Here, one can verify that RAM significantly improves the robustness of
fine-tuned models regardless of types of language models. More interestingly, RAM could be useful
to reveal the true potential of language models; DeBERTa-large becomes the most robust one with
our method while it was originally far from that one.

Ablation study. Here, we conduct an ablation study to understand further how RAM works. Specifi-
cally, we fine-tune RoBERTa-large on SST-2 dataset by varying the specific components of RAM:
(a) adversarial training (Eq. 1) and selective update of the model parameters with (b) thresholding
using collected relative importance (Eq. 2), (c) scaling with smooth approximation (Eq. 3), and (d)
sampling from Bernoulli distribution (Eq. 4). Then, the robustness of each method is evaluated using
the constructed robustness benchmark for sentiment classification with the same way in Table 1,
Table 4 summarizes the results. First, it is observed that the adversarial training is solely effective
for improving the robustness by learning to be robust for peturbation. Also, one can verify the
effectiveness of collected relative importance s(6), as it significantly improves the robustness under
a simple hard thresholding; remarkably, the larger improvement is observed when it is combined
with adversarial training. However, the proposed smooth approximation of step function is not solely
enough when it is used as continuous scaling term rather than discrete mask, as it becomes inefficient
to keep the generalizable knowledge within pre-trained language models. By sampling discrete mask
from Bernoulli distribution, its true potential is revealed along with the large improvements.

Additionally, we conduct experiments to verify the effect of different policies of gradient masking.
Instead of focusing on the relatively important parameters as RAM has done (Eq. 3), Min gives more
weights on the unimportant ones by considering the reversed order to obtain the normalized score,
i.e., $(Opax) = 0 < 3(0) < 1 = §(Onin). Rand randomly assigns 5(#) regardless of consideration
of the relative importance score s(#). From Table 5, one can verify that the effectiveness of Min
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Table 5: Robustness of fine-tuned RoBERTa-large with RAM under different masking policies. All
the values are mean across 3 random seeds and results with variance are presented in Appendix D.

Entailment Sentiment Classification
Method \ Accin  AcCenist AcCaqy  ECE(]) AUROC Aavg \ Accin  AcCenist  AcCagy ECE(]) AUROC A,y

Vanilla | 89.97 64.31 48.60 12.64 92.09 0.00 | 96.29 91.79 66.30 7.11 86.72 0.00
Min | 90.68 64.37 50.87 11.89 90.89 0.44 | 96.22 91.97 71.45 5.61 86.70 7.26
Rand | 90.65 64.13 50.98 11.39 91.13 1.67 | 96.22 92.25 72.68 5.19 90.03 14.88
RAM | 90.64 63.95 51.33 11.02 93.25 7.63 | 96.87 92.38 72.57 5.45 90.37 18.39
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Figure 2: Qualitative analysis of RAM. (a) Similarity between fine-tuned and initial pre-trained
models. (b) Different robustness with the strengh of adversarial training and improvement from RAM.
(c) Dynamics of the sampled gradient masks during the training.

and Rand is largely degraded compared to RAM. Remarkably, Min shows worsen results than Rand,
which further demonstrate the importance of focusing on the task-relavant model parameters.

Qualitative analysis. We further present qualitative analysis on RAM. Here, we consider RoOBERTa-
large on SST-2 dataset with two different strength of adversarial training to facilitate the analysis:
Weak (A = 0.01) and Strong (A = 0.5). Then, we measure the similarity between fine-tuned
model and initial pre-trained model using centered kernel alignment (CKA) (Kornblith et al., 2019);
specifically, average CKA between each layer’s hidden features across training epochs is measured.
In Figure 2(a), it is observed that the stronger adversarial training incurs the larger deviation from the
pre-trained model, and it could be effectively prevented by RAM. In this way, RAM helps fine-tuned
model to preserve the generalizable knowledge of pre-trained one and hence improves the model
robustness as shown in Figure 2(b). In addition, we further investigate the dynamics of gradient
mask (Eq. 4) by measuring the intersect over union between (1) mask at the first epoch and other
epochs (SST-2 (Init)), (2) mask at the last epoch and other epochs (SS7-2 (Last)), and (3) masks from
SST-2 and MNLI at each epoch (SST-2 (MNLI)). As the model is trained by focusing on the few
task-relevant parameters with RAM, the sampled mask becomes task-specific and far from the initial
one as training goes on (Figure 2(c)). Adaptability of RAM to the task is further observable from a
low similarity between different tasks’ masks.

5 CONCLUSION

In this paper, we propose to consider various aspects of model robustness for the reliable deployment
of language models in real-world settings, rather than focusing only on their performance evaluated
on a given validation set. To improve the robustness of fine-tuned language models, we present a
simple yet effective training method (RAM) by leveraging the advantages of adversarial training
while preventing its potential risk with an efficient gradient masking method. Through the exten-
sive experiments with the constructed benchmarks for unified evaluation of model robustness, we
demonstrate the effectiveness of our fine-tuning method and its generalizability to several recent
state-of-the-art language models. As the investigation of multiple aspects of model robustness in
a unified viewpoint is under-explored in the literature despite its practical importance, we expect
our work to contribute to this research direction to enable us to use the well-performing pre-trained
language models with more reliability. Furthermore, since our proposed method of robust fine-tuning
is task- and domain-agnostic, we believe that RAM can benefit other NLP tasks (e.g., question
answering) and domains (e.g., vision and graph) as well, as interesting future work directions.
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ETHICS STATEMENT

In this paper, the robustness issue of language models has been extensively investigated and a simple
yet effective fine-tuning algorithm, RAM, has been proposed to address this issue. Similar to other
fine-tuning methods, the behavior of trained language models with the proposed method might highly
rely on the training dataset. Therefore, they can suffer from the inherent problems of the given
dataset, e.g., gender bias (Bordia & Bowman, 2019) or annotation artifacts (Gururangan et al., 2018).
However, as the proposed idea of RAM is general and can be easily extended to other training
objective, we believe that the concerns on such problems could be alleviated by incorporating the
recently proposed methods for those problems (Sagawa et al., 2020; Moon et al., 2021); for example,
one could add a new training objective in Eq.1 to address each problem while keeping the idea of
gradient masking from gradients of the overall objective (Eq.2).

REPRODUCIBILITY STATEMENT

We describe the implementation details of the method in Section 4.1 and Appendix A.3. Also, we
provide the details of the datasets and baselines in Appendix A and A.2, respectively. We also have a
plan to publicly release the code upon the acceptance, and all the used packages are provided along
with the code. In our experiments, we mainly use NVIDIA A100 GPUs.
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Appendix

Robustifying Language Models via
Adversarial Training with Masked Gradient

A DETAILS ON EXPERIMENTAL SETUPS

A.1 DATASETS FOR ROBUSTNESS BENCHMARKS

As described in Section 4.1, we consider two popular NLP tasks, sentiment classification and
entailment tasks, to verify the multiple aspects of model robustness with fine-tuned LMs. To fine-tune
LMs for both tasks, we use SST-2 (Socher et al., 2013) and MNLI (Williams et al., 2018) datasets.

o SST-2: a binary single sentence classification task about movie reviews with human labels of
their sentiment (positive or negative). It is composed of 67k training and 872 validation samples.

e MNLI: a ternary entailment task which is composed of 393k training and 20k development
samples. Given a pair of sentences (premise and hypothesis), the given task is to predict whether
the hypothesis is an entailment, contradiction, or neutral with respect to the premise.

Both datasets are available at https://gluebenchmark.com/tasks. After that we measure
the following aspects using the described datasets.

1. In-distribution accuracy (Acciy,): To measure the performance with respect to training distribution
(i.e., in-distribution), we measure the accuracy on the validation sets provided from both datasets,
following a usual practice (Wang et al., 2019).

2. Distribution-shift generalization (Accgnist): To evaluate the model’s capability on distribution-
shift (i.e., out-of-domain) generalization, we measure the accuracy on multiple distribution shifted
datasets. For sentiment classification, we use the following five different sentiment datasets based on
the setups in (Potts et al., 2021).

o Yelp (Zhang et al., 2015): The Yelp reviews dataset consists of reviews from Yelp. It is extracted
from the Yelp Dataset Challenge 2015 data. As Yelp has five star-rating categories, we bin
these ratings by taking the lowest two ratings to be negative and the highest two ratings to be
positive, following (Potts et al., 2021). This dataset is available at ht tps://huggingface.
co/datasets/yelp_review_full.

o Amazon (McAuley & Leskovec, 2013): The Amazon reviews dataset consists of reviews from
amazon with a rating from 1 to 5. Hence, similar to Yelp, we take review score 1 and 2 as negative,
and 4 and 5 as positive. This binarized dataset is available at ht tps: //huggingface.co/
datasets/amazon_polarity.

o IMDB (Maas et al., 2011): IMDB is a dataset for binary sentiment classification on movie reviews.
It is composed of 25,000 labeled training samples and 25,000 test samples. We use IMDB dataset
provided at https://huggingface.co/datasets/imdb.

o cIMDB (Kaushik et al., 2020): Given documents and their initial labels, Kaushik et al. (2020)
asked people to change each one so that it matched a counterfactual target label, as long as
they avoided making any unnecessary changes to facts that were semantically unrelated to the
label’s applicability and produced revisions that resulted in internally consistent documents.
The constructed cIMDB dataset is publicly available at https://github.com/acmi-lab/
counterfactually—augmented-data.

o Poem (Sheng & Uthus, 2020): Poem is a binary single classification task about the sentiment of
poem verses from Project Gutenberg. There are 892 training, 105 validation, 104 test samples,
respectively. The dataset is available at https://huggingface.co/datasets/poem_
sentiment

For entailment task, we follow the setups in the recent work (Liu et al., 2022); 7 different entailment

datasets are used to evaluate the distribution-shift generalization of entailment classifier; here, some
of the datasets are binary classification rather than ternary (denoted by *). Hence, following (Liu
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et al., 2022), the MNLI classifier is treated as binary classifier by merging the predicts as neutral
or contradiction into not entailment. All the datasets are available at https://github.com/
alisawuffles/wanli.

e Diag (Wang et al., 2019): NLI Diagnostics uses naturally-occurring sentences from several
domains to evaluate the variety of linguistic phenomena.

e HANS (McCoy et al., 2019): Based on the lexical overlap between the premise and the hypothesis,
HANS seeks faulty syntactic heuristics.

e QNLI (Wang et al., 2019): QNLI is a binary classification task that decides whether the given
(question, sentence) pair contains the correct answer (entailment) or not.

e WNLI (Levesque et al., 2012): Winograd NIL (WNLI) is from the Winograd Schema Challenge
(Levesque et al., 2012), which checks the correct coreference through common sense. By replacing
the proper referent, an entailed hypothesis is created, and by replacing the incorrect referent, a
non-entailed hypothesis is created.

e NQ-NLI (Chen et al., 2021b): Using Natural Questions QA dataset (Kwiatkowski et al., 2019),
NQ-NLI creates a decontextualized sentence from the original context for the premise and a
hypothesis from a question-and-answer candidate converted into a declarative form.

e FEVER-NLI (Thorne et al., 2018): It is adapted from the FEVER dataset (Thorne et al., 2018). In
each case, the hypothesis is a statement that is either supported (implied), refuted (contradicted),
or neither (neutral), and the premise is a brief context from Wikipedia.

e WANLI (Liu et al., 2022): Starting with an existing dataset such as MNLI, the new samples are
automatically generated with GPT-3 focusing on the ambiguous samples. To further improve the
quality of constructed dataset, automatic filtering is applied and then each sample is annotated by
human labelers.

3. Adversarial robustness (AcC.qv): To measure the adversarial robustness of model, we first construct
the text-level adversarial examples using TextFooler (Jin et al., 2020) on vanilla fine-tuned BERT
and RoBERT models, following (Wang et al., 2021a). We also consider the datasets constructed via
dynamic adversarial data collection with human-in-the-loop (Nie et al., 2020; Potts et al., 2021). In
addition, we use the datasets from a recent benchmark for adversarial robustness, AdvGLUE (Wang
et al., 2021b), which incorporate the various types of adversarial noises. Overall, for the sentiment
classification, the following five different adversarially constructed datasets are used to measure the
adversarial robustness of fine-tuned LMs.

o TextFooler (Jin et al., 2020): We denote the dataset with the adversarial texts from vanilla
fine-tuned BERT as (1) TF-B. Similarly, the dataset with the adversarial text from vanilla fine-
tuned RoBERTa is denoted as (2) TF-R. The official code of TextFooler is available at ht tps:
//github.com/jindll/TextFooler.

o DynaSent (Potts et al., 2021): DynaSent is dynamically constructed through multiple iterations
of training a classifier model and finding its adversarial samples by involving a human annotator
in the loop. In our experiments, we use the dataset from the first round, (3) DynaSent-R1,
and the dataset from the second round, (4) DynaSent-R2. As DynaSent is a ternary sentiment
classification (Positive, Neutral, and Negative), we remove the samples with Neutral. Also,
we use both validation and test sets for the evaluation. The datasets are publicly released at
https://huggingface.co/datasets/dynabench/dynasent.

o AdvGLUE (Wang et al., 2021b): To construct principled and comprehensive benchmark for ad-
versarial robustness in NLP tasks, Wang et al. (2021b) systematically apply 14 textual adversarial
attack methods to GLUE tasks to construct AdvGLUE, which is further validated by humans for
reliable annotations. Hence, we measure the robustness of sentiment classifier using the dataset
for SST-2 in AdvGLUE and denote it as (5) AdvGLUE (SST-2). AdvGLUE dataset is available at
https://adversarialglue.github.io.

Similarly, for entailment task, we use the following nine different adversarially constructed datasets

to evaluate the adversarial robustness of entailment classifier. Here, -m indicates that the dataset is
constructed from MNLI’s matched validation set and -mm indicates from mismatched validation set.
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o TextFooler (Wang et al., 2019): TF-B and TF-R are defined in the same way with
the case of sentiment classification. Hence, we consider (1) TF-B-m, (2) TF-B-
mm, (3) TF-R-m, and (4) TF-R-mm. We remark that the corresponding datasets con-
structed from other researchers are available at https://drive.google.com/file/d/
1xWwABFkzJ6fEnR1f3xr-vkMesxdO7IZm/view.

e ANLI (Nie et al., 2020): Similar to the case of DynaSent, ANLI is dynamically constructed
through multiple iterations of training a classifier model and finding its adversarial samples by
involving a human annotator in the loop. As there are three rounds in overall, we utilize all
of these datasets: (5) ANLI-RI, (6) ANLI-R2, and (7) ANLI-R3. ANLI dataset is available at
https://huggingface.co/datasets/anli.

¢ AdvGLUE (Wang et al., 2021b): We use the datasets for MNLI in AdvGLUE and denote it as (8)
AdvGLUE-m and (9) AdvGLUE-mm.

4. Model calibration (ECE): To measure the model’s calibration performance, we report the average
Expected Calibration Error (Guo et al., 2017), denoted ECE, calculated during the all evaluations on
different datasets including in-distribution, distribution-shifted, and adversarial datasets introduced in
above. Namely, we report the average ECE across 11 datasets for sentiment classification and 18
datasets for entailment.

5. Anomaly detection (AUROC): To measure the performance about the anomaly detection, we use
the following four external datasets as anomaly samples based on the setups in the recent related
works (Hendrycks et al., 2020; Zhou et al., 2021).

0 WMT16 (Bojar et al., 2016): WMT is a translation dataset based on the data from statmt.org and
versions exist for different years using a combination of data sources. We use the English source
side of English source side of English-German WMT 16, following the previous works. WMT
dataset could be downloaded from https://huggingface.co/datasets/wmt16.

[ Multi30K (Elliott et al., 2016): Multi30K is a translation datasets which extends the Flickr30K
dataset with German translations created by professional translators over a subset of the English
descriptions, and independently crowd-sourced descriptions of the original English descriptions.
The dataset is available at https://github.com/multi30k/dataset.

O 20 NG (Lang, 1995): 20 Newsgroup is a dataset for topic classification consists of 20 classes. 20
NG dataset is publicly available at http://gwone.com/~jason/20Newsgroups/.

[0 QQP (Sharma et al., 2019): QQP is a binary classification datasets for entailment task, where the
goal is to determine if two questions in a given pair are semantically equivalent or not. As a part
of GLUE benchmark, it is available at https://huggingface.co/datasets/glue.

In addition, we consider that the one dataset becomes anomaly samples to the other, i.e., SST-2
become anomaly dataset with respect to MNLI. Hence, we use total six anomaly datasets in case of
sentiment classification and five datasets in case of entailment, respectively.

A.2 BASELINES

In this paper, we consider various baseline fine-tuning algorithms in NLP tasks. Specifically, we first
consider a wide range of perturbation-based fine-tuning algorithms and their training 10ss Lyyain can
be described as follow:

£train - ‘Ctask (f@ (X)a y) + Etask (f@ (X)7 y) + )“Ccons (f@ (X)a f@ (X)) (7)

where fo(x) indicates the perturbed prediction of model fg for input x. Also, L.ps is a bidirectional
KL divergence introduced in Eq.1. Here, for better explanation, we slightly abuse the notations of
inputs for Lyasx and Lons, compared to Eq.1. With Eq.7, the baselines in this categories only have a
difference in how they impose the perturbation for the prediction:

o WordDrop (Guo et al., 2020) impose the perturbation by randomly dropping the input tokens
with a probability pyq similar to Dropout. We select pyp € {0.05,0.10,0.15}.

o LayerDrop (Fan et al., 2020) randomly drops the self-attention block of Transformer model with
a probability prp. We tune prp € {0.1,0.2,0.3}.
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o DropHead (Zhou et al., 2020) randomly drops each head in multi-head attention module of
Transformer with a probability ppg. We tune ppy € {0.1,0.2,0.3}.

o HiddenCut (Chen et al., 2021a) drops the contiguous spans within the hidden features of
Transformer model during fine-tuning. As the attention-based strategy for sampling the spans
shows the best results in (Chen et al., 2021a), we adopt it and tune the HiddenCut ratio pyc €
{0.1,0.2,0.3} with the fixed selection ratio of 0.4. The official code is available at https:
//github.com/SALT-NLP/HiddenCut.

o AdvWeight (Bahri et al., 2022) adds adversarial noise on the model parameters rather than input.
It is noteworthy that this method is also called as Sharpness-Aware Minimization (SAM) (Foret
et al., 2021). We tune the step size p for gradient ascent step among {0.01,0.03,0.05}. We adopt
the codes from https://github.com/davda54/sam.

o AdvEmbed (Zhu et al., 2020; Jiang et al., 2020) imposes adversarial perturbation on the word
embeddings of input tokens. We set the same values between the magnitude of perturbation and
step size for gradient ascent step; a step size § is tuned among {1le-5, le-3, le-1} under /., norm.

Also, we commonly tune the hyper-parameter A among {0.01,0.1,0.5} in addition to the specific
hyper-parameter of each method.

On the other hand, we also consider the recent methods that prevents the model from deviating
too much from the initial pre-trained model to preserve the generalizable knowledge of pre-trained
language models during fine-tuning:

e R3F (Aghajanyan et al., 2021) introduces a noise-based consistency regularization to prevent
representation collapse. Hence, we use the same candidate for A € {0.01,0.1,0.5}. In addition,
we consider the fixed variance of noise o=1e-5 with the two noise distributions as additional
hyper-parameter [/, /] following the original paper (Aghajanyan et al., 2021). Also, the official
code is available at https://github.com/pytorch/fairseq.

e Weight Consolidation (Chen et al., 2020) incorporates {5 distance between trained and pre-
trained models as a regularization during fine-tuning. To gradually control the strength of such
regularization, the authors considers the sigmoid annealing function \(¢) = 1/(1 + exp(—k -
(t —to))) where ¢ € [0, 1]. Here, we tune the hyper-parameters & and ¢, among {0.1,0.5, 1.0}
and {0.1,0.3,0.5}, respectively. We denote it as WConsol. We use the official code from
https://github.com/Sanyuan-Chen/RecAdamn.

e Child-tuning (Xu et al., 2021) selectively update the subset of model parameters (called child
network) with a fixed child model. As the task-driven approach shows the better performance
compared to task-free variant in (Xu et al., 2021), we adopt the task-driven one as baseline. We
tune the child network’s sparsity pp among {0.1, 0.2, 0.3} following the original paper (Xu et al.,
2021). We denote this method as ChildTune in our paper. Official code by the authors is publicly
released at https://github.com/PKUnlp-icler/ChildTuning.

o LP-FT (Kumar et al., 2022) uses a two-step strategy of linear probing and then full fine-tuning.
For a linear probing, we train the linear classifier on the frozen backbone using Adam optimizer
with a fixed learning rate 7 = 1e-3 and 5 epochs. Then, we tune the learning rate 7¢ during the
full fine-tuning among {1e-6, 3e-5, le-5}.

A.3 RAM

As described in Section 4.1, we use a fixed step size § = 0.1 for the gradient ascent step to
construct the adversarial perturbation. Also, similar to the case of perturbation-based regularization
methods, we tune the coefficient of consistency regularization L.,s With A € {0.01,0.1,0.5} (Eq.
1). For the hyper-parameters of gradient masking, we use a € [0.6,0.95] and 8 € {1,5,10}
along with the application of a scaling term. We remark that relatively higher masking ratio « has
been effective for sentiment classification, while the smaller o has been effective for entailment
during our experiments. Based on such observation, we tune o among {0.95,0.9, 0.8} for sentiment
classification, {0.6,0.65, 0.7} for entailment task along with 5 € {1,5,10}. As described in Section
3.2, we accumulate the gradient information through each training epoch, then sample the gradient
mask from them for the next epoch. In case of InitGrad in Algorithm 2, similar to the setups in (Xu
et al., 2021), we gather the sum of the square of gradients with respect to vanilla cross-entropy loss,
since the classifier is not trained at that time.
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B PROOF OF COROLLARY

In this section, we present the formal proof of Corollary in Section 3.2. To this end, we first present
the theoretical results by Xu et al. (2021):

Theorem. (Xu et al., 2021) Suppose L denotes the loss function on the parameter 0, for multiple
data instances in the training set X ~ D, the gradients obey a Gaussian distribution N (g—g, 0’3]]. k)-
For a randomly sampled batch B ~ S, when the learning algorithm is SGD with learning rate 1, the
probability of the gradient mask from Bernoulli distribution is p, then the mean and covariance of the
update A0 = —n(% © m(0)) are,

oL oy (1—p)n’diag{ %5 }*
E[AY) = —n—, TIAY] = pugg' + , 96

where 3 is the covariance matrix and diag(X) is the diagonal matrix of the vector X.

Here, the key difference with the above problem setup (Xu et al., 2021) and our case is the probability
for masking: Xu et al. (2021) assumes the identical Bernoulli distribution, while we assume the
element-wise Bernoulli distribution with the different probability for each model parameter. However,
in the below Corollay, we show that our problem can be also proved in the almost same way.

Corollary. We consider the same assumption in Theorem by Xu et al. (2021), expect the probability
of the gradient mask follows different Bernoulli distribution for each parameter p(0) and m(0) ~
Ber(p(@)). Then, the mean of the update A is,

oL

E[A0] = —n—

[A8] = —n—g
where ppin = ming p(0).

Proof. Let g is the gradient of sample x;, 1 < i < |B

assumption. Let g = Zﬁll %“, then we have

, then ¢ ~ N (%%, 021,) by the

1Bl (4
g
AG = —n( —|B|)®m(e):—ng@m(9)
i=1
Consider g, we have
oL 021
El[g] = Ylg] = -2
9] = 54 Eld] B

Suppose g := (m(6)/p(f)) © g, then we have:

p0) 9L oL

9= ) 90 =
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Table 6: Robustness measurements of six different LMs fine-tuned on SST-2 dataset for sentiment
classification. All the values and error bars are mean and standard deviation across 3 random seeds.

Type of LM | Method |  Acciy AcCCgnist ACCagy ECE(l) AUROC
Vanilla | 94.04+028 89.30+054 57.10+165 9.21+201 83.68+0.69

BERT AdvEmbed | 94.42+014 88.75+075 61.16+026 9.46+167 83.40+1.13
WConsol | 93.81+016 89.46+061 56.34+163 9.35+t065 85.09+035
RAM (Ours) | 94.07+020 88.87+031  60.31+0s53  7.00+049 85.89+0.29
Vanilla | 96.29+014 91.79+013  66.30+214 7.11+082  86.72+3.60

ROBERT. AdvEmbed | 96.48+005 91.75+032 69.90+090 5.51+016 90.79+035
obERIa WConsol | 96.60+022  92.15+025 70.86+012 5.012027 89.61+103
RAM (Ours) | 96.87+020 92.38+0.12  72.57+0s53  5.45+040  90.37+0.65
Vanilla | 95.24+052 88.63+059 64.13+031 8.71+234 88.15+130
ALBERT AdvEmbed | 96.52+030 91.78+017 73.63+160 5.88+030 87.34+054
WConsol | 96.25+066 90.92+120 71.95+464 5.75+t107 87.441227
RAM (Ours) | 96.62+006 92.33+024 78.20+064 5.00+0.10 89.32+0.20
Vanilla | 95.87+034 90.80+031 68.33+083 6.57+046 86.76+247
XI.Net AdvEmbed | 96.25+020 91.22+061 67.39+142 7.56+15 88.26+252
© WConsol | 95.26+035 90.60+051 67.77+170 6.82+084 88.58+353
RAM (Ours) | 96.02+030 90.61+046 69.61+£120 5.481062 92.25+030

Vanilla | 96.96+006 91.62+010 74.15+027 4.92+007 82.43+131
AdvEmbed | 97.13+008 90.97+046 74.81+016 5.20+178 88.98+1.07
ELECTRA WConsol | 97.08+00s 91.51+02¢ 73.16+060 5.55+008 82.40+182
RAM (Ours) | 97.02+019  91.75+008 74744341 4.971019 88.87+067
Vanilla | 96.48+020 90.95+074 69.96+125 6.63+060 86.72+427
DeBERTa AdvEmbed | 96.64+005 91.83+044 71.18+050 6.08+572 90.21+0s6
WConsol | 96.60+014 91.34+116 69.74+077 6.23+063 88.01+25
RAM (Ours) | 97.13+000 92.31102¢4 74.25+011 4.461003 89.741025

C DETAILED EXPERIMENTAL RESULTS WITH VARIOUS LANGUAGE MODELS

In this section, we present the detailed experimental results on the individual robustness metrics like
Table 1 and 2. In Table 6 and 7, the results on sentiment classification and entailment are presented,
respectively.
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Table 7: Robustness measurements of six different LMs fine-tuned on MNLI dataset for entailment
task. All the values and error bars are mean and standard deviation across 3 random seeds.

Type of LM | Method |  Acciy AcCgnist AcCagy ECE (/) AUROC
Vanilla | 86.25+t011  60.20+059 39.25+030 23.03+0s8 70.88+1.64

BERT AdvEmbed | 86.99+009 60.77+025 42.90+037 18.50+231 81.98+337
WConsol | 86.27+026 60.52+034 39.34+051 17.38+421  75.71+503

RAM (Ours) | 86.89+006 60.38+061 42.58+047 14.97+03s 82.41+0s50

Vanilla | 89.97+t004 64.31+058 48.60+131 12.64+079 92.09+226

RoBERTa AdvEmbed | 90.24+007 64.231+038 50.20x072 12.48+0711  93.83+0s2
WConsol | 90.54+001 65.04+055 49.00+010 10.84+090 91.49+1.40

RAM (Ours) | 90.64+011 63951051  51.33+1034 11.021045 93.25+0.15

Vanilla | 90.62+01s 64.94+033 58.79+021 10.25+092 83.14+0s0

ALBERT AdvEmbed | 90.60+015 64.19+014 58.82+025 10.92+068 86.63+4.49
WConsol | 90.43+020 64.37+035 56.14+195  9.67+00s  80.65+3.98

RAM (Ours) | 90.72+010 66.57+003 59.241020 11.83+461 91.47+263

Vanilla | 89.29+010 63.74+023 49.33+036 14.04+166 77.53+5.00

XLNet AdvEmbed | 89.46+000 63.56+094 50.52+090 12.69+0s54 T77.31+1.67
WConsol | 89.33+t004 63.55+008 49.911030 14.64+137 81.35+783

RAM (Ours) | 90.03+00¢ 63.69+052  50.11+014 10.28+037 78.534307

Vanilla | 90.68+t00s 66.20+090 56.06+1.16 13.87+547  82.75+279

ELECTRA AdvEmbed | 90.64+001 65.66+057 56.95+001 12.96+251 88.43+0.11
WConsol | 90.51+013 67.21+041 55.43+084 15.36+544 84.05+402

RAM (Ours) | 91.07+007 64.80+046 58.38+06s8 10.17+040 81.01x2.16

Vanilla | 90.09+015 65.01+080 52.61+139 15.87+781 87.89+240

DeBERTa AdvEmbed | 90.43+004 65.73+102 54914030 13.29+194 86.37+227
WConsol | 90.02+018 64.83+138 53.67+00s 14.51+715  89.03+0s3

RAM (Ours) | 90.97+000 66.07+031  56.53+066  9.94403¢  88.15+173

D MORE EXPERIMENTAL RESULTS

Here, we present the results on each dataset for each robustness metric. First, we present the results
from sentiment classification. Specifically, we report the accuracy and ECE on distribution shifted
datasets in Table 8 and 9, respectively. Also, we report the accuracy and ECE on adversarially
constructed datasets in Table 10 and 11, respectively. The results of anomaly detection are shown
in Table 12. Next, we present the results from entailment task; we report the accuracy and ECE on
distribution shifted datasets in Table 13 and 14, respectively. Then, we report the accuracy and ECE
on adversarially constructed datasets in Table 15 and 16, respectively. Finally, we report the results of
anomaly detection in Table 17.
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Table 8: Accuracy of RoBERTa-large fine-tuned using SST-2 dataset for sentiment classifcation task.
One in-distribution validation set and five distribution shifted datasets are evaluated. All the values
with larger font are mean across 3 random seeds. The values with smaller font and plus-minus sign
(&£) are corresponding variance. Numbers in bracket means the number of samples.

Distribution Shifted Datasets

SST-2 | Yelp IMDB c¢-IMDB Poem Amazon

Method | (872) | (20K) (25K) (2440) (359) (100K)
Vanilla | 96.29 | 96.43  88.82 91.79  88.02 9391
+0.14 | 022 +0.40 +0.45 +0.60 +0.11

WordDrop | 96.44 | 96.31  88.50 89.06 8237  93.52
+0.03 +0.08 +0.33 +0.70 +251 +0.14

LayerDrop | 96.60 | 96.37 89.04 91.54  88.67  93.70
+0.05 +0.01 +0.05 +0.20 +0.57 +0.07

DropHead | 96.48 | 96.24  88.87 91.60  87.09  93.71
+0.14 | +0.08 4020 +0.34 +1.46 +0.18

R-Drop | 96.44 | 96.18  88.78 91.80  88.21 93.78
+0.19 +0.11 +0.49 +0.21 +1.25 +0.07

HiddenCut | 96.67 | 96.17  88.89 91.39 8579 9347
+034 | +0.18 +0.17 +0.45 +0.82 4020

AdvWeight | 96.41 | 96.34 88.33 91.78 89.88  93.25
+0.29 +0.11 +0.14 +0.20 +0.73 40.04

AdvEmbed | 9648 | 96.34 89.21 91.42 8793 93.87
+0.05 +0.14 +0.10 +0.34 +1.25 +0.05

ChildPTune | 96.56 | 96.69  89.53 91.93 86.26  94.33
+0.04 | +0.15 +0.11 +0.36 +0.95 +0.02

R3F | 96.56 | 96.24  88.83 90.97 89.23 93.67
+0.09 +0.22 +0.16 +0.57 +0.66 +0.12

WConsol | 96.60 | 97.02  89.75 91.93 87.56 9449
+0.22 +0.07 +0.30 +0.23 +1.93 +0.14

LP-FT | 9633 | 97.54 89.84 90.04  87.28  94.57
4025 +0.03 +0.37 +0.53 +1.51 +0.13

RAM (Ours) | 96.87 | 96.90 89.52 92.10  89.04 94.32
4020 | +0.28 +0.07 +0.50 +0.57 +0.15
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Table 9: Expected Calibration Error (ECE) of RoBERTa-large fine-tuned using SST-2 dataset for
sentiment classifcation task. One in-distribution validation set and five distribution shifted datasets
are evaluated. All the values with larger font are mean across 3 random seeds. The values with
smaller font and plus-minus sign (£) are corresponding variance. Numbers in bracket means the
number of samples. Lower ECE value indicates the better calibration.

Distribution Shifted Datasets

SST-2 | Yelp IMDB c¢-IMDB Poem Amazon

Method | (872) | (20K) (25K)  (2440) (359) (100K)
Vanilla | 3.80 5.30 3.70 5.13 5.87 5.03
4037 +1.66 +1.77 +1.33 +0.79 +1.27

WordDrop | 5.93 6.97 9.77 10.13 8.57 7.80
+1.23 +1.58 +1.54 +1.76 +1.28 +332

LayerDrop | 3.70 4.60 7.10 6.33 7.20 6.53
+054 | +0.08 +0.22 +0.54 +0.42 +1.80

DropHead | 3.83 4.37 6.40 6.37 5.63 5.90
+0.21 +0.56 +1.22 +0.42 +0.73 +1.69

R-Drop | 4.90 5.27 3.80 6.17 5.53 5.30
+1.45 +0.17 +1.56 +2.36 +0.99 +2.69

HiddenCut | 3.10 4.00 6.70 6.50 7.23 6.37
+0.62 +0.85 +131 +0.16 +0.57 +1.36
AdvWeight | 5.30 7.20 9.60 7.87 7.27 6.30
+0.59 +1.00 +0.99 +0.71 +0.09 +1.51

AdvEmbed | 3.27 2.77 4.07 5.43 5.73 533
+0.19 +0.09 +0.40 +0.62 +0.66 40.09
ChildPTune | 3.33 4.43 2.40 3.87 5.33 4.20
+034 | +0.76 +0.67 +1.16 +0.26 +1.22

R3F | 4.60 4.30 6.90 6.60 5.70 6.13
+0.86 +1.24 +1.70 +0.50 +0.86 +1.21

WConsol | 2.50 3.00 4.20 5.00 6.13 5.57
+024 | +036 +0.73 +1.02 +1.48 +1.41

LP-FT | 3.83 2.27 1.83 2.60 6.43 4.00
+0.17 +0.12 +0.24 +0.24 +1.01 4022

RAM (Ours) | 3.50 4.03 7.17 7.07 6.90 4.80
+0.49 +0.80 +132 +0.26 +1.61 +1.63
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Table 10: Accuracy of RoBERTa-large fine-tuned using SST-2 dataset for sentiment classification
task. Five adversarially constructed datasets are evaluated. All the values with larger font are mean
across 3 random seeds. The values with smaller font and plus-minus sign (%) are corresponding
variance. Numbers in bracket means the number of samples.

Adpversarially Constructed Datasets

TF-B  TF-R Dynasent-R1 Dynasent-R2 AdvGLUE

Method | (694) (686) (4800) (960) (148)
Vanilla | 73.05 45.87 78.19 77.64 56.76
+062  £1.82 +0.58 +0.30 +1.66

WordDrop | 77.38  60.50 76.34 76.35 56.76
+047  £1.09 4037 +0.08 +2.40

LayerDrop | 77.62 61.52 76.54 77.64 54.95
+056  +1.76 +0.24 +0.26 +1.39

DropHead | 76.03 59.23 76.87 76.94 58.56
+1.00 4056 +0.08 +0.62 +0.64

R-Drop | 75.50 58.16 77.85 77.43 56.08
+171  £208 +0.65 +0.05 +4.52

HiddenCut | 78.15 60.88 76.33 77.01 59.23
4095  £1.07 +0.57 +0.26 +1.77

AdvWeight | 73.01 53.26 75.30 76.25 49.55
+036  +0.84 +0.23 +0.47 +2.09

AdvEmbed | 75.36 61.03 77.23 77.57 58.33
+0.62  +097 +0.36 +0.91 +2.23

ChildPTune | 75.55 54.86 79.57 78.92 58.78
+1.19  £192 +0.83 +0.18 +2.53

R3F | 76.03 58.94 77.04 77.12 56.53
+1.01 4200 +0.44 4021 +4.59

WConsol | 76.70 55.64 80.75 79.96 61.26
+0.58  +0.66 +0.31 +0.50 +2.49

LP-FT | 76.32 57.82 81.92 81.04 65.31
4077 4072 4037 +0.44 +0.64

RAM (Ours) | 77.09 61.18 79.79 79.27 65.54
+024  +0.86 +0.41 +0.47 +2.40
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Table 11: Expected Calibration Error (ECE) of RoBERTa-large fine-tuned using SST-2 dataset for
sentiment classification task. Five adversarially constructed datasets are evaluated. All the values
with larger font are mean across 3 random seeds. The values with smaller font and plus-minus sign
() are corresponding variance. Numbers in bracket means the number of samples. Lower ECE

value indicates the better calibration.

Adpversarially Constructed Datasets

TF-B  TF-R Dynasent-R1  Dynasent-R2 AdvGLUE

Method | (694) (686) (4800) (960) (148)
Vanilla | 5.57 19.73 5.53 4.90 13.60
+1.93  +4.63 +1.41 +0.45 +5.06

WordDrop | 853  3.40 6.97 7.57 4.97
+1.84  +0.14 +2.38 +1.50 +0.86

LayerDrop | 5.80 5.80 4.27 3.80 10.47
+036  +0.86 +0.17 +0.14 +2.23

DropHead | 5.67  8.10 3.03 3.20 12.40
+120  +0.94 +0.42 40.16 +2.55

R-Drop | 530 843 5.40 5.80 10.63
+159  +3.04 +2.81 40.50 +3.60

HiddenCut | 590 4.43 2.70 2.87 10.40
+1.13 +0.74 +0.96 40.09 +1.66
AdvWeight | 543  8.30 4.17 3.90 15.63
4052 +1.28 +0.62 +1.27 +4.15

AdvEmbed | 3.97 9.10 3.23 4.50 13.17
+078  +1.77 +0.12 +1.07 +2.10
ChildPTune | 4.13 12.93 2.77 3.73 14.17
+0.87  +0.57 +0.19 +0.70 +3.27

R3F | 507 6.77 2.43 353 12.10
+1.60  +2.16 +0.61 40.17 +2.14

WConsol | 6.50  8.10 3.50 3.27 7.33
+1.00  +0.96 +0.36 +0.66 +0.53

LP-FT | 513  6.00 333 3.27 5.80
+1.17 041 +0.12 +0.34 +0.43

RAM (Ours) | 6.00 5.13 4.37 4.70 6.30
4094  +0.90 +0.81 +0.24 +0.59
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Table 12: Anomaly detection performance (AUROC) of RoBERTa-large fine-tuned using SST-2
dataset for sentiment classification task. Six anomaly datasets are evaluated. All the values with
larger font are mean across 3 random seeds. The values with smaller font and plus-minus sign (+£)
are corresponding variance. Numbers in bracket means the number of samples.

Anomaly Datasets

WMT16 Multi30K 20News QQP MNLI-m MNLI-mm

Method | (2999) (3071) (592)  (40K)  (9815) (9832)
Vanilla | 83.47 84.87 96.03  87.33 84.17 84.47
+4.41 +7.05 045 +£3.65 +£3.86 +4.23

WordDrop | 85.40 88.03 9390  86.47 86.20 85.40
+3.19 +2.66 +0.54 +1.39 +2.87 +2.86

LayerDrop | 87.20 91.70 94.13  89.77 86.67 85.70
+0.29 +0.22 +0.41 +0.85 +0.25 +0.14

DropHead | 86.30 92.00 94.87  88.20 86.17 85.30
+£0.41 +0.93 +0.76 +0.16 045 041

R-Drop | 86.07 90.87 96.33  89.97 86.40 85.53
+1.03 +1.86 +0.17 +1.78 +1.21 +1,69

HiddenCut | 87.90 92.53 9540  89.23 87.47 86.90
+0.08 +0.37 +0.99 +1.26 +0.25 +0.16

AdvWeight | 84.60 90.77 9293  88.67 85.07 84.77
+131 +0.87 029 £094 £1.30 £1.65

AdvEmbed | 88.30 91.90 97.13  89.47 89.30 88.63
+0.80 +1.18 +0.12 +1.38 +0.64 +0.82

ChildPTune | 84.64 82.03 96.17  88.40 85.23 85.53
+1.92 +3.84 +0.75 +1.41 +1.58 +1.76

R3F | 84.90 91.33 9557  87.80 86.13 85.23
+£0.79 £0.50 +0.74 +1.24 045 +0.68

WConsol | 87.50 90.27 96.30  90.30 86.90 86.37
+131 +1.39 +037 +091 +1.18 +1.34

LP-FT | 86.23 91.57 9520  90.60 87.10 86.03
+1.02 +0.73 +0.45 +0.86 +0.83 +1.23

RAM (Ours) 88.60 91.30 9543  90.87 88.17 87.83
+0.54 £1.58 +047 +094 £0.65 +£0.94
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Table 13: Accuracy of RoBERTa-large fine-tuned using MNLI dataset for entailment task. Two
in-distribution validation sets (MNLI-m and MNLI-mm) and seven distribution shifted datasets are
evaluated. All the values with larger font are mean across 3 random seeds. The values with smaller
font and plus-minus sign (£) are corresponding variance. Numbers in bracket means the number of
samples.

Distribution Shifted Datasets

MNLI-m MNLI-mm | Diag HANS* QNLI* WNLI* NQ-NLI* FEVER-NLI WANLI

Method | (9815) (9832) (1104)  (30K)  (5266)  (635) (4855) (20K) (5000)
Vanilla 90.15 89.80 66.09  75.70 60.35 5391 61.94 69.62 62.55
+0.06 +0.12 +0.55 +0.71 +2.76 +1.45 +0.74 +0.40 +0.77

WordDrop 90.44 90.26 64.98 76.70 54.84 52.86 61.28 68.82 62.93
+0.15 +0.24 +0.64 +1.63 +0.53 +0.20 +031 +0.44 +0.79

LayerDrop 90.66 90.44 6479  73.38 55.96 50.34 60.89 69.34 62.40
+0.11 +0.16 +0.76 +021 +037 +0.20 +0.32 +0.15 +0.16

DropHead 90.84 90.35 6540  75.46 55.63 51.60 60.84 69.65 62.67
+0.12 +0.07 +0.74 +3.23 +1.88 +1.30 +0.86 +0.38 +0.69

R-Drop 90.61 90.67 65.46 74.82 54.88 51.34 60.56 68.92 63.20
+0.19 +0.23 +0.56 +0.69 +0.92 +0.72 +0.05 +035 +0.19

HiddenCut 90.62 90.35 66.76  76.75 54.55 53.75 62.11 69.14 63.79
+0.23 +0.18 +039 +0.70 +0.69 +091 +0.23 +0.23 +032

AdvWeight 90.39 90.00 65.94 74.83 5491 51.71 61.29 69.19 62.21
+0.13 +0.15 +0.97 +1.56 +1.20 +0.83 +1.02 +0.39 +0.71

AdvEmbed 90.51 89.97 67.75 71.77 55.77 53.23 61.81 69.29 63.99
+0.03 +0.12 +£0.94 +0.56 +2.64 045 +0.26 +0.03 +0.60

ChildPTune 90.14 90.02 6594  75.19 57.83 53.86 62.38 69.46 63.96
+0.06 +0.07 +0.63 +2.45 +1.59 +1.29 +0.88 +047 +0.58

R3F 90.57 90.25 65.55 76.75 56.54 52.55 61.53 69.10 62.75

+0.12 +0.02 +1.04 +1.90 +4.32 +0.30 +0.78 +0.24 +0.80

WConsol 90.71 90.37 67.09 7652 61.64 5591 61.28 70.15 62.72
+0.08 +0.07 +0.50 +1.65 +2.43 +0.68 +0.53 +0.25 +0.42

LP-FT 90.57 90.28 67.60  77.12 56.85 55.59 62.28 69.86 63.63
+0.15 +0.13 +030 +1.40 +1.37 +1.70 +0.97 +0.15 +0.58

RAM (Ours) 90.78 90.50 67.18 75.82 58.26 53.75 60.24 69.03 63.34
+0.08 +021 +0.86 +2.06 +3.44 +0.45 +0.98 +0.61 +0.88
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Table 14: Expected Calibration Error (ECE) of RoBERTa-large fine-tuned using MNLI dataset for
entailment task. Two in-distribution validation sets (MNLI-m and MNLI-mm) and seven distribution
shifted datasets are evaluated. All the values with larger font are mean across 3 random seeds. The
values with smaller font and plus-minus sign (&) are corresponding variance. Numbers in bracket
means the number of samples. Lower ECE value indicates the better calibration.

Distribution Shifted Datasets

MNLI-m MNLI-mm | Diag HANS* QNLI* WNLI* NQ-NLI* FEVER-NLI WANLI

Method | (9815) (9832) (1104)  (30K)  (5266)  (635) (4855) (20K) (5000)
Vanilla 10.10 11.03 4.73 8.67 27.07 9.17 34.23 4.70 3.03
+0.96 +2.29 +0.90 +1.40 +2.44 +221 +2.45 +0.62 +1.80
WordDrop 12.80 12.33 6.97 13.17 24.43 3.47 24.70 8.73 5.80
+0.94 +1.11 +0.77 +1.18 +0.76 +031 +0.51 +1.11 +036
LayerDrop 9.30 9.00 6.37 8.67 20.13 8.60 26.93 4.40 4.60
+033 +0.28 +0.69 +0.45 +1.45 +0.57 +0.37 +0.14 +0.22
DropHead 9.40 8.27 6.27 6.40 25.30 7.17 28.70 6.07 4.27
+1.77 +2.28 +0.12 +1.58 +0.70 045 +0.59 +1.27 +1.60
R-Drop 8.73 8.87 7.87 6.97 24.83 7.40 26.30 5.13 4.97
+025 +0.45 +1.19 +0.74 +2.89 +0.51 +0.65 +0.41 +0.12
HiddenCut 11.70 12.83 6.70 9.17 26.40 7.13 30.20 5.67 1.70
+1.28 +0.33 +1.12 +0.68 +0.92 +0.77 +1.02 +0.29 +0.08
AdvWeight 11.40 11.33 4.83 8.97 28.03 7.87 29.73 6.13 4.40
+1.92 +1.36 +1.54 +1.03 +3.64 +1.28 +327 +1.10 +1.10
AdvEmbed 8.87 9.23 4.37 9.13 31.00 10.33 34.13 3.37 4.30
+2.00 +2.61 +0.60 +031 +4.41 +3.23 +4.71 +1.52 +1.47
ChildPTune 8.03 7.87 4.83 8.70 29.40 10.37 35.13 5.67 4.30
+3.96 +3.88 +0.92 +2.62 +8.36 +3.62 +6.26 +0.62 +2.07
R3F 9.93 10.73 4.90 8.43 23.33 7.80 29.00 5.03 3.33
+1.62 +1.48 +1.75 +1.33 +10.62 +1.18 +4.00 +1.35 +0.93
WConsol 8.77 8.57 5.93 7.23 19.90 5.87 28.27 5.00 3.20
+1.64 +1.70 +0.48 +2.19 +3.15 +0.25 +2.32 +1.44 +1.28
LP-FT 11.03 10.87 5.40 11.13 26.57 6.90 32.67 4.03 2.57
+0.70 +0.71 +1.63 +0.77 +3.35 +0.83 +1.62 +1.20 +0.61
RAM (Ours) 7.40 7.43 6.47 10.30 22.00 7.27 26.83 5.73 3.97
+0.29 +0.56 +0.49 +2.13 +6.84 +0.74 +3.38 +1.70 +0.60
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Table 15: Accuracy of RoBERTa-large fine-tuned using MNLI dataset for entailment task. Nine
adversarially constructed datasets are evaluated. All the values with larger font are mean across 3
random seeds. The values with smaller font and plus-minus sign (&) are corresponding variance.
Numbers in bracket means the number of samples.

Adversarially Constructed Datasets
TF-B-m TF-B-mm TF-R-m TF-R-mm ANLI-R1 ANLI-R2 ANLI-R3 AdvGLUE-m AdvGLUE-mm

Method | (772) (746) (775) (775) (1000) (1000) (1200) 121 (162)
Vanilla | 71.11 68.36 50.84 52.52 42 28.70 27.56 55.37 40.95
+042 +1.26 +2.76 +1.90 +2.79 +051 +051 +234 +238

WordDrop | 74.61 73.28 58.06 61.63 42.77 30.33 26.61 62.81 41.98
+1.04 +0.17 +0.32 +0.16 +0.79 +1.27 +0.86 +1.79 +3.07

LayerDrop | 74.09 72.30 60.00 62.15 39.83 28.07 26.53 49.04 33.54
+0.69 +0.46 40.80 40.70 +0.99 +0.45 +0.14 +2.81 +1.05

DropHead | 72.15 71.49 57.89 57.94 40.70 29.57 27.97 57.85 40.12
+1.14 +1.70 +2.77 +1.97 +1.02 +1381 +0.71 +3.09 +231

R-Drop | 73.36 74.04 59.57 63.48 42.47 29.37 27.39 56.75 34.77
+0.24 +1.35 40.80 +1.70 +1.51 +0.98 +0.34 +2.55 +£1.05

HiddenCut | 73.06 70.46 55.74 57.98 43.07 29.67 26.86 58.13 38.89
+1.50 +0.71 +0.18 +1.72 +0.86 +0.79 +0.75 +1.95 +0.87

AdvWeight | 70.03 68.72 52.47 53.59 42.30 27.60 27.78 52.62 36.83
+1.66 +1.66 +2.48 +226 +0.71 +029 +1.19 +039 +1.54

AdvEmbed | 71.76 71.13 54.02 57.03 44.43 29.60 28.14 59.23 36.42
+0.56 +0.46 +225 +0.46 +0.61 +0.50 +0.39 +2.81 +431

ChildPTune | 67.75 66.67 47.01 48.17 44.10 25.87 26.22 54.27 38.27
+1.70 +1.97 +241 +430 +1.02 +0.98 40.98 +1.56 +0.50

R3F | 7293 71.49 56.64 57.98 41.80 27.97 26.67 56.20 40.95

+092 +0.17 +1.95 +123 +1.66 +054 +0.65 +294 +0.58

WConsol | 72.06 71.36 51.87 50.97 46.90 26.20 24.86 56.47 40.33
+1.25 +0.96 +1.66 +1.53 +1.51 +0.42 +0.67 +1.03 +227

LP-FT | 70.90 70.24 49.76 51.23 45.90 27.07 23.69 57.58 43.00
+1.33 +1.52 +1.78 +4.10 +1.49 +021 +0.79 +1.40 +0.77

RAM (Ours) | 75.60 72.74 56.30 56.60 45.23 28.00 25.92 58.95 42.59
+1.44 +0.84 +1.33 +2.26 +1.93 +0.14 +0.42 +0.78 +2.02

Table 16: Expected Calibration Error (ECE) of RoBERTa-large fine-tuned using MNLI dataset for
entailment task. Nine adversarially constructed datasets are evaluated. All the values with larger
font are mean across 3 random seeds. The values with smaller font and plus-minus sign (+) are
corresponding variance. Numbers in bracket means the number of samples. Lower ECE value
indicates the better calibration.

Adversarially Constructed Datasets
TF-B-m TF-B-mm TF-R-m TF-R-mm ANLI-R1 ANLI-R2 ANLI-R3 AdvGLUE-m AdvGLUE-mm

Method | (772) (746) (775) (775) (1000) (1000) (1200) (121) (162)
Vanilla | 6.80 6.93 6.80 5.43 12.80 25.93 26.17 7.97 16.00
+1.06 +1.58 +0.00 +0.17 +4.70 +2.31 +2.99 +2.17 +1.88

WordDrop | 13.43 12.83 7.57 8.17 6.13 17.47 20.77 12.57 7.70
+0.70 +0.56 +0.39 +0.88 +0.54 +1.55 +1.46 +1.50 +1.02

LayerDrop | 13.13 11.23 7.57 8.23 6.33 18.10 19.30 11.33 11.50
+0.42 +0.61 +0.39 +0.33 +0.12 +0.73 +0.00 +4.37 +1.53

DropHead | 11.10 9.80 6.63 5.83 7.20 19.30 19.93 9.53 8.50
+0.45 +2.15 +1.83 +1.90 +1.31 +1.04 +1.83 +3.47 +0.67

R-Drop | 11.40 12.50 6.73 7.67 8.90 19.40 20.37 9.73 13.30
+0.88 +0.86 +1.18 +1.70 +1.16 +1.27 +0.24 +2.81 +0.90

HiddenCut | 7.93 6.23 3.17 4.83 10.53 23.17 24.90 8.20 12.43
+0.76 +1.30 +0.60 +0.21 +1.04 +0.82 +0.59 +0.86 +0.71

AdvWeight | 8.97 9.30 6.80 5.67 10.63 23.03 22.03 8.83 14.90
+343 +2.67 +1.34 +1.48 4243 +3.51 +245 +0.62 +3.28

AdvEmbed | 5.83 6.03 487 5.20 11.00 25.50 26.47 7.37 18.40
+1.48 +2.32 +1.56 +1.28 +3.63 +3.92 +4.03 +1.22 +1.28

ChildPTune | 7.20 6.97 10.13 11.10 11.43 28.90 28.00 9.73 17.57
+1.87 +1.93 +6.32 +6.37 +7.38 +8.81 +8.67 +1.03 +7.33

R3F | 827 8.20 4.77 5.27 9.47 22.80 23.47 10.03 10.17

+0.92 +2.30 +1.35 +1.13 +2.27 4291 +4.00 +1.01 +3.30

WConsol | 10.63 11.10 6.27 4.83 5.43 22.27 22.73 10.63 8.43
+2.255 +1.43 +0.65 +0.93 +1.77 +3.21 +2.26 +1.31 +0.66

LP-FT | 7.17 6.53 6.57 6.60 9.00 27.30 29.43 11.10 12.63
+1.66 +0.45 +0.61 +1.31 +1.23 +2.15 +1.76 +0.54 +2.17

RAM (Ours) | 11.47 9.87 6.53 7.17 6.10 20.43 21.63 10.23 747
+1.26 +1.22 +1.13 +1.35 +0.28 +1.60 +1.84 +1.92 +0.62
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Table 17: Anomaly detection performance (AUROC) of RoBERTa-large fine-tuned using MNLI
dataset for entailment task. Five anomaly datasets are evaluated. All the values with larger font are
mean across 3 random seeds. The values with smaller font and plus-minus sign (&) are corresponding
variance. Numbers in bracket means the number of samples.

Anomaly Datasets

WMTI16 Multi30K SST-2 20News QQP

Method | (2999) (3071) (872) (592) (40K)
Vanilla | 94.93 98.23 97.50  85.67  84.10
+2.65 +0.87 +1.06 +3.41 +4.11

WordDrop | 92.00 99.47 9797 7497 7543
+1.21 +0.21 +0.62 +4.39 +0.88

LayerDrop | 94.07 98.43 94.60  84.90 7747
+1.40 +0.05 +0.78 +1.36 +0.94

DropHead | 95.63 97.27 96.03 87.07  78.90
4079 +2.78 +3.30 +0.98 +2.84

R-Drop | 96.03 98.50 98.30  84.67 8197
+1.06 +1.26 +0.57 +1.55 +1.59

HiddenCut | 95.57 97.87 97.50  85.23 82.03
+1.28 +1.68 +1.04 +2.17 +1.17

AdvWeight | 96.70 99.43 98.70  78.37  81.87
+0.92 +0.38 +045 +5.00 +0.82

AdvEmbed | 96.93 99.00 98.23 88.60  86.40
+0.53 +0.49 +0.09 +2.50 +1.04

ChildPTune 82.87 95.90 87.43 83.57  83.27
+14.91 +3.41 +7.23 +1.51 +3.81

R3F | 93.63 99.07 95.73 8720  83.40

+2.10 +0.38 +2.88 +1.37 +2.38

WConsol | 90.67 98.80 9440  90.17 84.43
+3.56 £0.29 +1.36 +0.47 +1.84

LP-FT | 93.33 98.63 9440  91.03  90.73
+1.68 £0.40 +0.08 +1.65 +2.08

RAM (Ours) 94.90 98.37 96.67  90.83 85.47
+1.14 $0.61 +1.17 +1.88 +0.62
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