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Abstract

Self-supervised pre-training of transformer
models has revolutionized NLP applications.
Such pre-training with language modeling ob-
jectives provides a useful initial point for pa-
rameters that generalize well to new tasks with
fine-tuning. However, fine-tuning is still data
inefficient — when there are few labeled ex-
amples, accuracy can be low. Data efficiency
can be improved by optimizing pre-training di-
rectly for future fine-tuning with few exam-
ples; this can be treated as a meta-learning
problem. However, standard meta-learning
techniques require many training tasks in or-
der to generalize; unfortunately, finding a di-
verse set of such supervised tasks is usually dif-
ficult. This paper proposes a self-supervised
approach to generate a large, rich, meta-
learning task distribution from unlabeled text.
This is achieved using a cloze-style objective,
but creating separate multi-class classification
tasks by gathering tokens-to-be blanked from
among only a handful of vocabulary terms.
This yields as many unique meta-training tasks
as the number of subsets of vocabulary terms.
We meta-train a transformer model on this dis-
tribution of tasks using a recent meta-learning
framework. On 17 NLP tasks, we show that
this meta-training leads to better few-shot gen-
eralization than language-model pre-training
followed by finetuning. Furthermore, we show
how the self-supervised tasks can be combined
with supervised tasks for meta-learning, pro-
viding substantial accuracy gains over previ-
ous supervised meta-learning.

1 Introduction

Self-supervised learning has emerged as an impor-
tant training paradigm for learning model parame-
ters which are more generalizable and yield better
representations for many down-stream tasks. This
typically involves learning through labels that come
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naturally with data, for example words in natural
language. Self-supervised tasks typically pose a su-
pervised learning problem that can benefit from lots
of naturally available data and enable pre-training
of model parameters that act as a useful prior for
supervised fine-tuning (Erhan et al., 2010). Masked
language modeling (Devlin et al., 2018), and other
related approaches (Peters et al., 2018; Howard and
Ruder, 2018; Radford et al., 2019), is an example
of such a self-supervised task that is behind the
success of transformer models like BERT.

While self-supervised pre-training is beneficial,
it has been recently noted that it is not data-efficient
and typically requires large amounts of fine-tuning
data for good performance on a target task (Yo-
gatama et al., 2019; Bansal et al., 2019). This can
be evaluated as a few-shot learning problem, where
a model is given only few examples of a new task
and is expected to perform well on that task. This
paper focuses on this problem of few-shot learn-
ing and develops models which demonstrate better
few-shot generalization to new tasks.

Large scale pre-training suffers from a train-test
mismatch as the model is not optimized to learn an
initial point that yields good performance when
fine-tuned with few examples. Moreover, fine-
tuning of a pre-trained model typically introduces
new random parameters, such as softmax layers,
and important hyper-parameters such as learning
rate, which are hard to estimate robustly from the
few examples. Thus, we propose to remove this
train-test mismatch, and treat learning an initial
point and hyper-parameters jointly from unlabelled
data, which allows data-efficient fine-tuning, as a
meta-learning problem.

Meta-learning, or learning to learn (Thrun and
Pratt, 2012; Schmidhuber, 1987), treats learning a
parameterized algorithm, such as a neural net opti-
mized with SGD, that generalizes to new tasks as
a learning problem. This typically assumes access
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to a distribution over tasks in order to enable learn-
ing. Creating tasks which enable meta-learning
is one of the main challenges for meta-learning
(Bengio et al., 1992; Santoro et al., 2016; Vinyals
et al., 2016), and typical supervised meta-learning
approaches create task distributions from a fixed
task dataset with large number of labels by sub-
sampling from the set of labels (Vinyals et al., 2016;
Ravi and Larochelle, 2017). While this enables gen-
eralization to new labels, it limits generalization
to unseen tasks due to over-fitting to the training
task distribution (Yin et al., 2020). Moreover, large
supervised datasets with a large label set are not
always available for meta-learning, as is often the
case in many NLP applications.

To overcome these challenges of supervised
meta-learning, we propose a self-supervised ap-
proach and create the task-distribution from un-
labelled sentences. Taking inspiration from the
cloze task (Taylor, 1953), we create separate multi-
class classification tasks by gathering tokens-to-be
blanked from a subset of vocabulary words, al-
lowing for as many unique meta-training tasks as
the number of subsets of words in the language.
The proposed approach, which we call Subset
Masked Language Modeling Tasks (SMLMT), en-
ables training of meta-learning methods for NLP
at a much larger scale than was previously feasible
while also ameliorating the risk of over-fitting to
the training task distribution. This opens up new
possibilities for applications of meta-learning in
NLP, such as few-shot learning, continual learning,
architecture search and more.

This work focuses on few-shot learning and
makes the following contributions: (1) we intro-
duce a self-supervised approach to create tasks for
meta-learning in NLP, Subset Masked Language
Modeling Tasks (SMLMT), which enables applica-
tion of meta-learning algorithms for goals like few-
shot learning; (2) utilizing SMLMT as the training
task distribution, we train a state-of-the-art trans-
former architecture, BERT (Devlin et al., 2018),
using a recent optimization-based meta-learning
method which was developed for diverse classifi-
cation tasks (Bansal et al., 2019); (3) we show that
the self-supervised SMLMT can also be combined
with supervised task data to enable better feature
learning, while still allowing for better generaliza-
tion by avoiding meta-overfitting to the supervised
tasks through the use of SMLMT; (4) we rigorously
evaluate the proposed approach on few-shot gener-
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alization to unseen tasks as well as new domains
of tasks seen during training and show that the pro-
posed approach demonstrates better generalization
than self-supervised pre-training or self-supervised
pre-training followed by multi-task training; (5) we
also study the effect of number of parameters for
few-shot learning and find that while bigger pre-
trained or meta-trained models generalize better
than smaller models, meta-learning leads to sub-
stantial gains even for the smaller models.

2 Preliminaries

In supervised meta-learning, we typically assume
access to a task distribution P (7). Practically,
this translates to a fixed set of training tasks
{Tr,...,Tn}, which are referred to as meta-
training tasks. For supervised classification, each
task 7; is an N;-way classification task. While
many meta-learning algorithms assume a fixed N-
way classification, we follow the more practical
approach of Bansal et al. (2019) and allow for a
diverse set of classification tasks with potentially
different number of classes.

The goal of a meta-learning algorithm is to uti-
lize the meta-training tasks to learn a learning pro-
cedure that generalizes to held-out tasks 77 ~
P(T). Model-agnostic meta-learning (MAML)
(Finn et al., 2017) is an example of such a meta-
learning algorithm. MAML learns an initial point
0 for a classifier fp : © — g, that can be optimized
via gradient descent on the supervised loss £; de-
fined for the task T}, using its support set D" ~ T;:

0, < 0 — aVoL;(D",0) (1)

where « is the learning rate. The optimized point
6’ is then evaluated on another validation set for
the task, D% ~ T, using the loss function £;.
This loss across meta-training tasks serves as the
training error to optimize the initial point and pa-
rameters like learning-rate (© := {6, a}):

O+ 06— 6 v@ETiNP(T) [LZ'(DUGZ, 97{)] (2)

where [ is the learning rate for the meta-training
process. Training proceeds in an episodic frame-
work (Vinyals et al., 2016), where in each episode
a mini-batch of tasks are sampled along with their
support and validation sets, and the model parame-
ters are optimized using (1) and (2), which are also
referred to as inner and outer loop, respectively.
Meta-training Tasks: We summarize how su-
pervised task data-sets are typically leveraged to



Subset: {Democtratic, Capital)

Support set

Sentence Class

A member of the [m] Party, he was the first African American to be
elected to the presidency.

The [m] Party is one of the two major contemporary political parties
in the United States, along with its rival, the Republican Party.

Honolulu is the [m] and largest city of the U.S. state of Hawaii. 2

Washington, D.C., formally the District of Columbia and commonly 2
referred to as Washington or D.C., is the [m] of the United States.

Query: New Delhi is an urban district of Delhi which serves as the [m] of India
Correct Prediction: 2

Figure 1: An example of a 2-way 2-shot task in
SMLMT. The support set and one query is shown. Any
N-way k-shot task can be constructed similarly.

create meta-training tasks (Vinyals et al., 2016). As-
suming access to a supervised task with L classes,
an N-way k-shot task is created by first sampling
N classes, assuming N << L. Then for each
of the N sampled classes, (k + ¢) examples of
each class is randomly sampled from the dataset
and assigned a unique label in {1,..., N}. The k
examples for each label serve as the support set,
while the ¢ examples constitute the validation set
described above. Note, that each task consists of
a small subset of classes and the class to label (1
to N) assignment is random . This is crucial to
avoid learning the sample to label bindings in the
parameters of the model, which will make the task-
specific training (in (1)) irrelevant and the model
will not generalize to new tasks. An example of this
approach is MinilmageNet (Ravi and Larochelle,
2017), which is a benchmark dataset for learning
few-shot image classification.

3 Self-supervised Tasks for
Meta-learning

The existing approach to using a supervised dataset
to create tasks, as described above, is fraught with
issues, specially for NLP applications. First, note
that large classification datasets with large label
spaces are not readily available for all NLP tasks,
for example sentiment classification which has only
few discrete labels. Second, limiting to a fixed
supervised dataset to create tasks limits general-
ization ability and the meta-learned models might
generalize to new labels for the task but fail to
generalize to new novel tasks (Metz et al., 2019).
Lastly, such an approach is also not feasible in all
problems where we will like to apply meta-learning
(Yin et al., 2020). For example, consider meta-
learning a natural language inference (NLI) model
across multiple domains which can generalize to

new domains. A powerful model can ignore the
training data for each task and directly learn to pre-
dict the NLI tag for the examples in each training
domain, which will lead to low training error but
the model will not generalize to new domains. We
overcome these issues by utilizing unlabelled data
to create meta-learning tasks. See Fig. 1 for an
example of generated task.

Subset Masked Language Modeling Tasks
(SMLMT): We are given a text corpus split into
sentences X; and each sentence is a sequence of
words from a vocabulary of size V. Now, in Sub-
set Masked Language Modeling Tasks, each task
is defined from a subset of vocabulary words. To
create an N-way classification task, we randomly
select N unique vocabulary words: {vy,...,ux}.
Then we consider all sentences containing these
N words, and for each word randomly sample
r = k+q sentences: X,, = {X1,..., X,|v; € X;}.
Now, we mask the corresponding chosen word
from the sentences in each of these N sets, so
X, = {Mask(X1,v;),...,Mask(X,,v;)} where
Mask (X, v) replaces all occurrences of v in X with
the mask token [m]. The set {x, ,..., X} isthen
a well-defined N-partition of N X r sentences, that
serves as input examples for the N-way classifica-
tion task. We forget the original word correspond-
ing to the masked tokens in these sets and assign
labels in {1,..., N} to the N sets. This gives
an instance of an SMLMT classification task: T'
= {(zij,9)|i € {1,.., N}, zi; € X, }. This can be
split into support and validation for meta-training.

In an SMLMT instance, each input sentence con-
sists of exactly one word that is masked through-
out the sentence and its label corresponds to that
word. This requires a similar reasoning ability as
cloze tasks (Taylor, 1953). Moreover, crucially, the
SMLMT task creation ensures that a model can-
not memorize the input-label mapping as the target
masked word is hidden and the label assignment is
randomized, requiring the model to infer the labels
from the support set. Note that the SMLMT tasks
are also closely related to masked language mod-
eling (MLM) (Devlin et al., 2018). While MLM
is a word-level classification task, SMLMT is a
sentence-level classification task. Each unique sub-
set of words from the vocabulary defines a unique
task in SMLMT. This allows for as many unique
tasks as the number of subsets of words in the vo-
cabulary, enabling large-scale meta-learning from
unsupervised data.
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Hybrid SMLMT: Tasks from SMLMT can also
be combined with supervised tasks to encourage
better feature learning (Caruana, 1997) and in-
crease diversity in tasks for meta-learning. We
use a sampling ratio A € (0, 1) and in each episode
select an SMLMT task with probability A or a su-
pervised task with probability (1 — A). The use
of SMLMT jointly with supervised tasks amelio-
rates meta-overfitting, as tasks in SMLMT cannot
be solved without using the task support data. X is
a hyper-parameter. In our experiments, we found
A = 0.5 to work well.

4 Meta-learning Model

We now discuss the meta-learning model for learn-
ing new NLP tasks.

Text encoder: The input to the model is natural
language sentences. This is encoded using a trans-
former (Vaswani et al., 2017) text encoder. We
follow the BERT (Devlin et al., 2018) model and
use the same underlying neural architecture for the
transformer as their base model. Given an input
sentence, the transformer model yields contextu-
alized token representations for each token in the
input after multiple layers of self-attention. Follow-
ing BERT, we add a special CLS token to the start
of the input that is used as a sentence representation
for classification tasks. Given an input sentence X,
let f=(X) be the CLS representation of the final
layer of the transformer with parameters 7.

Meta-learning across diverse classes: Our mo-
tivation is to meta-learn an initial point that can
generalize to novel NLP tasks, thus we consider
methods that apply to diverse number of classes.
Note that many meta-learning models only apply to
a fixed number of classes (Finn et al., 2017) and re-
quire training different models for different number
of classes. We follow the approach of Bansal et al.
(2019) that learns to generate softmax classification
parameters conditioned on a task support set to en-
able training meta-learning models that can adapt
to tasks with diverse classes. This combines bene-
fits of metric-based methods (Vinyals et al., 2016;
Snell et al., 2017) and optimization-based methods
for meta-learning. The key idea is to train a deep
set encoder gy,(-), with parameters v, which takes
as input the set of examples of a class n and gener-
ates a (d+1) dimensional embedding that serves as
the linear weight and bias for class n in the softmax
classification layer. Let { X1, ..., X, } be the k

examples for class n in the support set of a task ¢:

w??@? :gd)({fﬁ(Xln)a--'7f7r(an)}) 3)
p(y|X) = softmax {W¢ he(fx(X)) + b} (4)

where W; = [w};...;w)N] € RN*4, by =
[b;...;b)] € R? are the concatenation of the
per-class vectors in (3), and hy is a MLP with pa-
rameters ¢ and output dimension d.

Using the above model to generate predictions,
the parameters are meta-trained using the MAML
algorithm (Finn et al., 2017). Concretely, set
0 := {m, ¢, Wy, b;} for the task-specific inner loop
gradient updates in (1) and set © := {m, ¢, o} for
the outer-loop updates in (2). Note that we do mul-
tiple steps of gradient descent in the inner loop.
Bansal et al. (2019) performed extensive ablations
over parameter-efficient versions of the model and
found that adapting all parameters with learned per-
layer learning rates performs best for new tasks.
We follow this approach. Full training algorithm
can be found in the Appendix.

Fast adaptation: Flennerhag et al. (2019) pro-
posed an approach which mitigates slow adaption
often observed in MAML by learning to warp the
task loss surface to enable rapid descent to the loss
minima. This is done by interleaving a neural net-
work’s layers with non-linear layers, called warp
layers, which are not adapted for each task but are
still optimized across tasks in the outer-loop up-
dates in (2). Since introducing additional layers
will make computation more expensive, we use
existing transformer layers as warp layers. We
designate the feed-forward layers in between self-
attention layers of BERT, which project from di-
mension 768 to 3072 to 768, as warp-layers. Note
that these parameters also constitute a large frac-
tion of total parameters (~ 51%). Thus in addition
to the benefit from warping, not adapting these
layers per task means significantly faster training
and smaller number of per-task parameters during
fine-tuning. The warp layers are still updated in the
outer loop during meta-training.

5 Related Work

Language model pre-training has recently emerged
as a prominent approach to learning general pur-
pose representations (Howard and Ruder, 2018; Pe-
ters et al., 2018; Devlin et al., 2018; Radford et al.,
2019; Yang et al., 2019; Raffel et al., 2019). Re-
fer to Weng (2019) for a review of self-supervised
learning. Pre-training is usually a two step pro-
cess and fine-tuning introduces random parameters
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making it inefficient when target tasks have few ex-
amples (Bansal et al., 2019). Multi-task learning of
pre-trained models has shown improved results on
many tasks (Phang et al., 2018; Liu et al., 2019a).
More recently, and parallel to this work, Brown
et al. (2020) show that extremely large language
models can act as few-shot learners. They propose
a query-based approach where few-shot task data is
used as context for the language model. In contrast,
we employ a fine-tuning based meta-learning ap-
proach that enjoys nice properties like consistency
which are important for good out-of-distribution
generalization (Finn, 2018). Moreover, we show
that self-supervised meta-learning can also improve
few-shot performance for smaller models.
Meta-Learning methods can be categorized as:
optimization-based (Finn et al., 2017; Li et al.,
2017; Nichol and Schulman, 2018; Rusu et al.,
2018), model-based (Santoro et al., 2016; Ravi
and Larochelle, 2017; Munkhdalai and Yu, 2017),
and metric-based (Vinyals et al., 2016; Snell et al.,
2017). Refer to Finn (2018) for an exhaustive re-
view. Unsupervised meta-learning has been ex-
plored in vision. Hsu et al. (2019) cluster images
using pre-trained embeddings to create tasks for
meta-learning. Metz et al. (2019) meta-learn a
biologically-motivated update rule from unsuper-
vised data in a semi-supervised framework. Com-
pared to these, we directly utilize text data to auto-
matically create unsupervised tasks without relying
on pre-trained embeddings or access to target tasks.
In NLP, meta-learning approaches have followed
the recipe of using supervised task data and learn-
ing models for specific tasks. Such approaches (Yu
et al., 2018; Gu et al., 2018; Guo et al., 2018; Han
et al., 2018; Mi et al., 2019) train to generalize to
new labels of a specific task like relation classifi-
cation and don’t generalize to novel tasks. Bansal
et al. (2019) proposed an approach that applies
to diverse tasks to enable practical meta-learning
models and evaluate on generalization to new tasks.
However, they rely on supervised task data from
multiple tasks and suffer from meta-overfitting as
we show in our empirical results. Holla et al. (2020)
studied related approaches for the task of word-
sense disambiguation. To the best of our knowl-
edge, the method proposed here is the first self-
supervised approach to meta-learning in NLP.

6 Experiments

We evaluate the models on few-shot generalization
to new tasks and new domains of train tasks. Eval-

uation consist of a diverse set of NLP classification
tasks from multiple domains: entity typing, senti-
ment classification, natural language inference and
other text classification tasks. Our results' show
that self-supervised meta-learning using SMLMT
improves performance over self-supervised pre-
training. Moreover, combining SMLMT with su-
pervised tasks achieves the best generalization, im-
proving over multi-task learning by up to 21%.

6.1 Implementation Details

SMLMT: We use the English Wikipedia dump, as
of March 2019, to create SMLMT. This is similar
to the dataset for pre-training of BERT (Devlin
et al., 2018), which ensures that gains are not due
to using more or diverse pre-training corpora (Liu
et al., 2019b). The corpus is split into sentences
and word-tokenized to create SMLMT. We run task
creation offline and create about 2 Million SMLMT
for meta-training, including a combination of 2, 3
and 4-way tasks. After task creation, the data is
word-piece tokenized using the BERT-base cased
model vocabulary for input to the models.
Supervised Tasks: Bansal et al. (2019) demon-
strated that better feature learning from super-
vised tasks helps few-shot learning. Thus, we
also evaluate multi-task learning and multi-task
meta-learning for few-shot generalization. We also
use GLUE tasks (Wang et al., 2018) and SNLI
(Bowman et al., 2015) as the supervised tasks. Su-
pervised tasks can be combined with SMLMT for
meta-training (see 3). Note that since these are only
a few supervised tasks (8 in this case) with a small
label space, it is easy for meta-learning models to
overfit to the supervised tasks (Yin et al., 2020)
limiting generalization as we show in experiments.
Models: We evaluate the following models:
(1) BERT: This is transformer model trained with
self-supervised learning using MLM as the pre-
training task on Wikipedia and BookCorpus. We
use the cased base model (Devlin et al., 2018).
(2) MT-BERT: This is a multi-task learning model
trained on the supervised tasks. We follow Bansal
et al. (2019) in training this model.
(3) MT-BERTf(max: This is the same model
above where only the softmax layer is fine-tuned
on downstream tasks.
(4) LEOPARD: This is the meta-learning model
proposed in Bansal et al. (2019) which is trained
on only the supervised tasks.

!Code and trained models: https://github.com/
iesl/metanlp
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(5) SMLMT: This is the meta-learning model (in
4) which is trained on the self-supervised SMLMT.
(6) Hybrid-SMLMT: This is the meta-learning
model (in 4) trained on a combination of SMLMT
and supervised tasks.
Note that all models share the same transformer
architecture making the contribution from each
component discernible. Moreover, SMLMT and
Hybrid-SMLMT models use similar meta-learning
algorithm as LEOPARD, so any improvements are
due to the self-supervised meta-training. All model
are initialized with pre-trained BERT for training.
Evaluation Methodology: We evaluate on few-
shot generalization to multiple NLP tasks using
the same set of tasks® considered in Bansal et al.
(2019). Each target task consists of k£ examples
per class, for k € {4, 8,16, 32}, and different tasks
can have different number of classes. Since few-
shot performance is sensitive to the few examples
used in fine-tuning, each model is fine-tuned on 10
such k-shot support sets for a task, for each k, and
the average performance with standard deviation
is reported. Models are trained using their training
procedures, without access to the target tasks, and
are then fine-tuned for each of the k-shot task. Re-
sults for MT-BERT and LEOPARD are taken from
Bansal et al. (2019).

Hyper-parameters: We follow the approach of
Bansal et al. (2019) and use validation tasks for
estimating hyper-parameters during fine-tuning for
all baseline models. Note the meta-learning ap-
proach learn the learning rates during training and
only require the number of epochs of fine-tuning
to be estimated from the validation tasks. Detailed
hyper-parameters are in Supplementary.

6.2 Results
6.2.1 Few-shot generalization to new tasks

We first evaluate performance on novel tasks not
seen during training. The task datasets considered
are: (1) entity typing: CoNLL-2003 (Sang and
De Meulder, 2003), MIT-Restaurant (Liu et al.,
2013); (2) rating classification (Bansal et al., 2019):
4 domains of classification tasks based on ratings
from the Amazon Reviews dataset (Blitzer et al.,
2007); (3) text classification: multiple social-media
datasets from figure-eight>.

Results are presented in Table 1. Results on 2
domains of Rating are in Supplementary due to

Data: https://github.com/iesl/leopard
*https://www.figure-eight.com/data-for-everyone/
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space limitation. First, comparing models which
don’t use any supervised data, we see that on aver-
age across the 12 tasks, the meta-trained SMLMT
performs better than BERT specially for small
k € {4,8,16}. Interestingly, the SMLMT model
which doesn’t use any supervised data, also out-
performs even MT-BERT models which use super-
vised data for multi-task training. Next, compar-
ing among all the models, we see that the Hybrid-
SMLMT model performs best on average across
tasks. For instance, on average 4-shot performance
across tasks, Hybrid-SMLMT provides a relative
gain in accuracy of 21.4% over the best performing
MT-BERT baseline. Compared to LEOPARD, the
Hybrid-SMLMT yields consistent improvements
for all k € {4,8, 16,32} and demonstrates steady
improvement in performance with increasing data
(k). We note that on some tasks, such as Disaster,
SMLMT is better than Hybrid-SMLMT. We sus-
pect negative transfer from multi-task training on
these tasks as also evidenced by the drop in per-
formance of MT-BERT. These results show that
SMLMT meta-training learns a better initial point
that enables few-shot generalization.

6.2.2 Few-shot domain transfer

The tasks considered here had another domain of a
similar task in the GLUE training tasks. Datasets
used are (1) 4 domains of Amazon review senti-
ments (Blitzer et al., 2007), (2) Scitail, a scientific
NLI dataset (Khot et al., 2018). Results on 2 do-
mains of Amazon are in Supplementary due to
space limitation. A relevant baseline here is MT-
BERTreuse which reuses the softmax layer from
the related training task. This is a prominent ap-
proach to transfer learning with pre-trained mod-
els. Comparing Hybrid-SMLMT with variants of
MT-BERT, we see that Hybrid-SMLMT performs
comparable or better. Comparing with LEOPARD,
we see that Hybrid-SMLMT generalizes better to
new domains. LEOPARD performs worse than
Hybrid-SMLMT on Scitail even though the super-
vised tasks are biased towards NLI, with 5 of the
8 tasks being variants of NLI tasks. This is due to
meta-overfitting to the training domains in LEOP-
ARD which is prevented through the regularization
from SMLMT in Hybrid-SMLMT.

6.3 Analysis

Meta-overfitting: We study the extent of meta-
overfitting in LEOPARD and Hybrid-SMLMT.
Since these models learn the adaptation learning-
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Task N k  BERT SMLMT | MT-BERT fax MI-BERT  LEOPARD Hybrid-SMLMT

4 5044 +0857 46.81 +4.77 52.28 + 4.06 55.63 £499 54.16 +£6.32 57.60 +7.11
8 50.06 +1130 61.72 +3.11 65.34 +7.12 5832 £377  67.38 £433 70.20 +3.00

CoNLL 4 16 7447 £03.10 75.82 4 4.04 71.67 +3.03 71.29 £330 76.37 £3.08 80.61 + 2.77

32 8327 +02.14 84.01 £1.73 73.09 242 79.94 £245 83.61 £240 85.51 +1.73

4 4937 £428 46.23 +3,90 45.52 4+ 5.90 50.49 £ 440 49.84 £331 52.29 +432

MITR 3 8 4938 £776 61.15 +1.91 58.19 4 2.65 58.01 £354 62.99 +3.28 65.21 +2.32

16  69.24 +368 69.22 +2.78 66.09 4 2.24 66.16 346  70.44 +2.89 73.37 £ 188

32 78.81 +£195 78.82 4130 69.35 4+ 0.98 7639 +1.17  78.37 £1.97 79.96 + 1.48

4 4276 +1350 42.83 +6.12 43.73 +7.86 46.29 + 1226 54.95 £+ 11.81 56.46 + 10.67

Airline 3 8 38.00 £17.06 51.48 £7.35 52.39 +3.97 49.81 + 1086 61.44 +03.90 63.05 +8.25

16 58.01 £0823 58.42 4 3.44 58.79 +2.97 57.25 £09.90 62.15 £ 05.56 69.33 +2.24

32 63.70 440 65.33 +3.83 61.06 =+ 3.89 62.49 4448 67.44 £01.22 71.21 +£3.28

4 5573 +£1029 62.26 +9.16 52.87 +6.16 50.61 £833 51.45 +425 55.26 +8.32

Disaster 2 8 56.31+£0957 67.89 +6.53 56.08 +7.48 5493 £78  55.96 +3.58 63.62 +6.84

1548 16 6452 £0893 72.86 = 1.70 65.83 +4.19 60.70 £ 605 6132 £283 70.56 + 2.23

32 73.60 £01.78 73.69 +2.32 67.13 +3.11 72.52 +228  63.77 +£234 71.80 + 1.85

4 0920 £322  09.84 4+ 1.09 09.41 +2.10 09.84 +£214  11.71 £2.16 11.90 + 1.74

. 8 08.21 £212 11.02 +1.02 11.61 +234 11.21 £211 1290 + 1.63 13.26 + 1.01
Emotion 13

16 1343 £251 12.05+1.18 13.82 +2.02 12.75 £ 204 13.38 £2.20 15.17 £ 0.89
32 16.66 +124 14.28 £+ 1.11 13.81 £ 1.62 16.88 + 180 14.81 +2.01 16.08 + 1.16

4 5457 +502 57724572 54.32 4+ 3.90 54.66 +£3.74  60.49 +6.66 61.17 + 491
8 56.15+375 63.02 +462 57.36 +£432 5479 +419  61.74 £ 673 64.10 + 4.03
16  60.96 £425 66.35 +2.84 59.24 4 425 60.30 326 65.08 £2.14 66.11 4+ 2.04
32 65.04 +£232 67.73 +£227 62.68 + 3.21 64.99 £305 64.67 £3.41 67.30 +1.53

4  51.89+172 57.94 +435 51.50 272 51.47 £368  52.60 +3.51 57.40 +7.18
8 52.80 £272 62.82 +4.50 53.53 +2.26 54.34 £288 54.31 £3.95 60.01 4 4.54
16 58.45 +498 64.57 +523 56.37 £2.19 55.14 +£457 5771 £352 63.11 + 4.06
32 5531 +146 67.68 +3.12 53.09 +1.33 55.69 +£1.88 52.50 +1.53 65.50 +3.78

Political Bias 2

Political Audience 2

4 1564 +£273 16.16 +1.81 13.71 £ 1.10 1449 +£175 15.69 +1.57 16.74 + 250
Political M 9 8 1338 +174 1924 +232 14.33 +1.32 1524 +£281  18.02 +232 20.33 +1.22
ontical Message 16 20.67 +38 21.91 +0.57 18.11 + 148 19.20 220 18.07 + 241 22.93 + 182

32 24.60 +1.81 23.87 +1.72 18.67 +1.52 21.64 +£178 19.87 +£1.93 23.78 £ 0.54

4 3927 +1015 37.69 £ 482 39.89 +5.83 41.20 £ 1069 51.71 +£7.20 53.74 +10.17
8 28.74 £0822 39.98 +4.03 46.53 + 544 4541 40949 54.78 £+ 648 56.64 + 03.01
16 4548 +06.13 45.85 +472 48.71 +6.16 47.29 +1055 58.69 +2.41 58.67 +03.73
32 5098 £589 50.86 4 3.44 52.58 +2.48 53.49 £387 5847 +£5.11 61.42 + 03.86

4 3476 1120 40.75 £733 40.41 +533 36.77 £ 1062 50.21 +09.63 52.13 +10.18
8 3449 +0872 43.04 £522 48.35 +7.87 47.98 +09.73  53.72 4+ 1031 58.13 +07.28
16 47.94 £0828 46.82 43.94 52.94 +7.14 53.79 +£09.47  57.00 =+ 08.69 61.02 + 05.55
32 50.80 0452 51.71 464 54.26 4+ 637 53.23 £514  61.12 + 0483 64.69 +02.40

Rating Electronics 3

Rating Kitchen 3

4 38.13 40.95 40.13 40.10 45.99 48.71
Overall Average 8 36.99 46.37 45.89 44.25 50.86 53.70
16 48.55 51.61 49.93 49.07 55.50 58.41
32 55.30 56.23 52.65 55.42 57.02 60.81

Table 1: k-shot accuracy on novel tasks not seen in training. Models on left of separator don’t use supervised data.

Task &k BERIp,,, SMLMT MT-BERT  fax MIBERT MT-BERTreuse LEOPARD Hybrid-SMLMT

4 58.53 +£09.74 50.68 + 4.30 74.35 4+ 5.86 63.97 + 1436 76.65 +2.45 69.50 +9.56 76.75 +3.36
8 5793 +1070 55.60 +2.40 79.11 +3.11 68.24 41033 76.86 +2.09 75.00 +2.42 79.10 + 1.14
16 65.66 +06.82 56.51 4378 79.60 + 231 75.35 4 04.80 79.53 +2.17 77.03 +1.82 80.37 + 1.44
32 68.77 £627 62.38 £322 82.23 +1.12 74.87 +3.62 81.77 £ 1.13 79.44 4+ 1.99 82.20 + 134

Scitail

4 5481 +375 55.68 +£256 68.69 + 5.21 64.93 4 8.65 74.79 + 6.91 82.54 +1.33 84.70 +0.42
Amazon 8 53.54 £517 60.23 +£5.28 74.86 +2.17 67.38 +9.78 78.21 +3.49 83.03 £1.28 84.85 +0.52
Books 16  65.56 +4.12 62.92 +439 74.88 + 434 69.65 4 8.94 78.87 +3.32 83.33 £0.79 85.13 + 0.6
32 7354 £344 T71.49 +474 77.51 £ 1.14 78.91 + 1.66 82.23 £ 1.10 83.55 +0.74 85.27 + 036

4 5498 +£396 52.95 4251 63.68 + 5.03 66.36 + 7.46 71.74 +8.54 80.32 £+ 1.02 83.28 + 1.85
Amazon 8 55.63 £434 54.28 +4.20 67.54 + 4.06 68.37 £+ 6.51 75.36 + 4.86 80.85 +£1.23 83.91 + 1.14
DVD 16 58.69 £608 57.87 +2.69 7021 £ 1.94 70.29 + 7.40 7620 £290  81.25 + 141 83.71 + 1.04
32 66.21 £541  65.09 £ 437 70.19 +2.08 73.45 +437 79.17 £1.71 81.54 +1.33 84.15 +0.94

Table 2: k-shot domain transfer accuracy.
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Figure 2: k-shot performance with number of parameters on Scitail (left), Amazon DVD (middle), and CoNLL
(right). Larger models generalize better and Hybrid-SMLMT provides accuracy gains for all parameter sizes.
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Figure 3: Learning rate trajectory during meta-training.
LEOPARD learning-rates converge towards 0 for many
layers, indicating meta-overfitting.

rates, we can study the learning rates trajectory
during meta-training. Fig. 3 shows the results. We
expect the learning rates to converge towards zero if
the task-adaptation become irrelevant due to meta-
overfitting. LEOPARD shows clear signs of meta-
overfitting with much smaller learning rates which
converge towards zero for most of the layers. Note
that due to this, held-out validation during training
is essential to enable any generalization (Bansal
et al., 2019). Hybrid-SMLMT doesn’t show this
phenomenon for most layers and learning rates con-
verge towards large non-zero values even when we
continue training for much longer. This indicates
that SMLMT help in ameliorating meta-overfitting.

Effect of the number of parameters: We study
how the size of the models affect few-shot perfor-
mance. Recently, there has been increasing evi-
dence that larger pre-trained models tend to gen-
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eralize better (Devlin et al., 2018; Radford et al.,
2019; Raffel et al., 2019). We explore whether this
is true even in the few-shot regime. For this analy-
sis we use the development data for 3 tasks: Scitail,
Amazon DVD sentiment classification, and CoNLL
entity typing. We consider the BERT base archi-
tecture with 110M parameters, and two smaller
versions made available by Turc et al. (2019) con-
sisting of about 29M and 42M parameters. We
train versions of Hybrid-SMLMT as well as MT-
BERT corresponding to the smaller models. Re-
sults are presented in Fig. 2. Interestingly, we see
that bigger models perform much better than the
smaller models even when the target task had only
4 examples per class. Moreover, we see consistent
and large performance gains from the meta-learned
Hybrid-SMLMT, even for its smaller model vari-
ants. These results indicate that meta-training helps
in data-efficient learning even with smaller models,
and enables larger models to learn more generaliz-
able representations.

Representation analysis: To probe how the
representations in the proposed models are differ-
ent from the representations in the self-supervised
BERT model and multi-task BERT models, we
performed CCA analysis on their representations
(Raghu et al., 2017). We use the representations on
the CoNLL and Scitail tasks for this analysis. Re-
sults on CoNLL task are in Fig. 4. First, we analyze
the representation of the same model before and
after fine-tuning on the target task. Interestingly,
we see that the Hybrid-SMLMT model is closer
to the initial point after task-specific fine-tuning
than the BERT and MT-BERT models. Coupled
with the better performance of Hybrid-SMLMT (in
6.2), this indicates a better initialization point for
Hybrid-SMLMT. Note that the representations in
lower layers are more similar before and after fine-
tuning, and lesser in the top few layers. Next, we
look at how representations differ across these mod-
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Figure 4: CCA similarity for each transformer layer.
Left: similarity before and after fine-tuning for the
same model. Right: similarity between different pairs
of models post fine-tuning. More results in Appendix.

els. We see that the models converge to different
representations, where the lower layer representa-
tions are more similar and they diverge as we move
towards the upper layers. In particular, note that
this indicates that multi-task learning helps in learn-
ing different representations than self-supervised
pre-training, and meta-learning model representa-
tions are different from the other models.

7 Conclusion

We introduced an approach to leverage unlabeled
data to crate meta-learning tasks for NLP. This en-
ables better representation learning, learning key
hyper-parameters like learning rates, demonstrates
data-efficient fine-tuning, and ameliorates meta-
overfitting when combined with supervised tasks.
Through extensive experiments, we evaluated the
proposed approach on few-shot generalization to
novel tasks and domains and found that leveraging
unlabelled data has significant benefits to enabling
data-efficient generalization. This opens up the
possibility of exploring large-scale meta-learning
in NLP for various meta problems, including neu-
ral architecture search, continual learning, hyper-
parameter learning, and more.
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A Appendix
A.1 Training Algorithm

The meta-training algorithm is given in 1. Note
that 7% are the parameters for the warp layers and
7 are the remaining transformer parameters. Lp(-)
is the cross-entropy loss for /NV-way classification
in task 7', calculated from the following prediction:

pyle) = softmaz {W hy(fx(x)) + b} (5)

gy (+) and hy are a two layer MLP with tanh non-
linearity (Bansal et al., 2019).

Algorithm 1 Meta-Training

Require: SMLMT task distribution 7 and
supervised tasks S, model parameters
{7, 7, ¢,1, a}, adaptation steps G, learning-
rate 3, sampling ratio A
Initialize 6 with pre-trained BERT-base;

1: while not converged do

2:  for task_batchsize times do

3: t ~ Bernoulli(\)

4: T~t-T+(1-1)-S

5. DT ={(zj,y)} ~T

6: C" « {zjly; =n}; N« |C"|

T Wl Y o 90 (D)

8: W [wh..;wh]); b [bY. .. ;0Y]

9: 0« {m, ¢, W,b}; 00 ¢

10: O «+ {7",m,a}

11: pval ~ T

12: qr <0

13: fors:=0...G—1do

14: DiIr ~T

15: gls+1) — o) —
aVyLr ({0,600} Dir)

16: qr « qr + Ve Lr({©,0¢ T} Dral)

17: end for

18:  end for
190 ©0+0-5->,%
20: end while

A.2 Additional Results

Table 5 shows the results the two additional do-
mains of Rating classification, Table 6 shows the
results for the two additional domains of Amazon
sentiment classification. Fig.5 and Fig. 6 show the
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Hyper-parameter Value
Tasks per batch 4
Support samples per task 80
Query samples per task 10
Number of classes in SSLMT [2,3,4]
d 256
Attention dropout 0.1
Hidden Layer Dropout 0.1
Outer Loop Learning Rate 1e-05
Adaptation Steps (G) 7
A 0.5
Meta-training Epochs 1
Lowercase text False
Sequence Length 128
Learning-rate Warmup 10% of steps

Table 3: Hyper-parameters.

CCA similarity on the two datasets: CoNLL and
Scitail. Table 7 shows the accuracy for different
model sizes on the three evaluation datasets: Scitail,
Amazon DVD, CoNLL.

A.3 Datasets

Dataset splits and statistics are in Table 4.

Supervised Training Tasks: We selected the
GLUE (Wang et al., 2018) benchmark tasks:
MRPC, SST, MNLI (m/mm), QQP, QNLI, CoLA,
RTE, and SNLI (Bowman et al., 2015) as the su-
pervised training tasks for the meta-training phase.
We used the standard train/dev/test split.

Test Tasks: These are same as the tasks used in
Bansal et al. (2019).

A4 Implementation Details

Training Hyper-parameters: Table 3 lists all
the hyper-parameters for the Hybrid-SMLMT and
SMLMT models. Both models use the same set
of hyper-parameters, the difference being in the
training tasks. Note, some hyper-parameters such
as A are not valid for SMLMT. We followed De-
vlin et al. (2018) in setting many hyper-parameters
like dropouts, and Bansal et al. (2019) in setting
hyper-parameters related to meta-learning. We
use first-order MAML. Meta-training is run for
only 1 epoch, so the model always trains on a new
SMLMT in every batch. This corresponds to about
500,000 steps of updates during training.

Sampling for Hybrid-SMLMT: We restrict the
word vocabulary for task creation with a term fre-
quency of at least 50 in the corpus. This is then
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Dataset Labels  Train  Validation  Test

CoLA 2 8551 1042 —

MRPC 2 3669 409 —

QNLI 2 104744 5464 —

QQP 2 363847 40431 —

RTE 2 2491 278 —

SNLI 3 549368 9843 —

SST-2 2 67350 873 —

MNLI (m/mm) 3 392703 19649 —
Scitail 2 23,596 1,304 2,126
Amazon Sentiment Domains 2 800 200 1000
Airline 3 7320 — 7320
Disaster 2 4887 — 4887
Political Bias 2 2500 — 2500
Political Audience 2 2500 — 2500
Political Message 9 2500 — 2500
Emotion 13 20000 — 20000
CoNLL 4 23499 5942 5648
MIT-Restaurant 8 12474 — 2591

Table 4: Dataset statistics. Note that ”—" indicates the

correspoding split was not used.
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Figure 5: Cross-model CCA similarity for each layer
of the transformer after fine-tuning. Left plot is on
CoNLL and right on Scitail.
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Figure 6: CCA similarity for each layer of the same
model before and after fine-tuning. Left plot is on
CoNLL and right on Scitail.

used to create tasks in SMLMT as described. This
word vocabulary is discarded at this point and the
data is word-piece tokenized using the BERT-base
cased model vocabulary for input to the models.
Note that after a supervised task is selected to be
sampled based on ), it is sampled proportional to
the square-root of the number of samples in the
supervised tasks following Bansal et al. (2019).

Fine-tuning Hyper-parameter: We tune the
number of fine-tuning epochs and batch-size using
the development data of Scitail and Amazon Elec-
tronics tasks following (Bansal et al., 2019). Note



Task N k BERT SMLMT | MT-BERT ¢;ax ~ MT-BERT  LEOPARD Hybrid-SMLMT

4 3942 +0722 34.96 +3.94 44.82 +9.00 38.97 +£1327 54.92 +6.18 57.80 + 835

Ratine Books 3 8 39.55 +1001 37.20 £4.15 51.14 +6.78 46.77 £14.12  59.16 +4.13 56.92 + 5.64
& ) 16 43.08 £11.78 43.62 4+ 4.59 54.61 +6.79 51.68 £ 1127 61.02 +4.19 63.33 + 4.41

32 5221 £403 5045 +328 5497 +6.12 5495 £482 64.11 £2.02 64.51 +3.06

4 3222 4+0872 38.26 +3.62 45.94 + 748 41.23 +£10.98 49.76 +9.80 52.08 4 11.03

Ratine DVD 3 8 36.35+1250 37.92 +3.61 46.23 +6.03 4524 + 976 53.28 + 4.66 52.98 4 07.84
& 16 42.79 £1018 41.87 430 49.23 +6.68 45.19 £11.56  53.52 +£4.77 56.70 + 04.32

32 48.61 £324 46.37 +491 51.16 +4.30 52.82 +£341 55.49 +4.50 57.90 + 03.93

Table 5: k-shot accuracy on novel tasks not seen in training. Results for 2 more rating tasks.

Task k  BERTh,e SMLMT MT-BERT fnax MT-BERT MT-BERTreuse LEOPARD  Hybrid-SMLMT

4 5481 £375 55.68 £2.56 68.69 +5.21 64.93 £ 8.65 74.79 +6.91 82.54 4133 84.70 +0.42

Amazon 8 53.54 £517 60.23 +5.28 74.86 +2.17 67.38 +£9.78 78.21 +3.49 83.03 +1.28 84.85 +0.52
Books 16 65.56 £4.12 62.92 £ 439 74.88 + 434 69.65 +8.94 78.87 £3.32 83.33 £0.79 85.13 +0.66
32 7354 +344 7149 +474 77.51 +1.14 78.91 + 1.66 82.23 £ 1.10 83.55 £ 074 85.27 +0.36

4 5693 +710 58.64 +4.68 63.07 +7.80 60.53 +9.25 75.40 + 6.27 78.35 4+ 1836 80.70 +7.13

Amazon 8 5713 +660 59.84 +3.66 68.38 4+ 447 69.66 =+ 8.05 75.13 £7.22 84.88 +01.12 84.74 £ 1.717
Kitchen 16 68.88 £339 65.15 +5.83 75.17 £ 457 77.37 £ 674 80.88 £1.60  85.27 +0131 85.32 +1.05
32 7871 +£360 71.68 +434 76.64 + 1.9 79.68 + 4.10 82.18 +0.73 85.80 £ 0.70 86.33 +0.67

4 5498 +£396 52.95 +251 63.68 +5.03 66.36 + 7.46 71.74 £ 8.54 80.32 £+ 1.02 83.28 +1.85

Amazon 8 55.63 £434 54.28 +4.20 67.54 + 4.06 68.37 £ 6.51 75.36 + 4.86 80.85 +1.23 83.91 + 1.14
DVD 16 58.69 £608 57.87 £269 70.21 & 1.94 70.29 & 7.40 76.20 £ 2.90 81.25 £ 141 83.71 £ 1.04
32 66.21 £541 65.09 +437 70.19 + 2.08 73.45 4+ 4.37 79.17 1.1 81.54 + 133 84.15 4+ 0.94

4 5877 £610 56.40 £2.74 61.63 +7.30 64.13 + 1034 72.82 +6.34 74.88 4 16.59 81.04 + 1.77

Amazon 8 59.00 £578 62.06 +3.85 66.29 + 536 64.21 +10.49 75.07 +3.40 81.29 £+ 1.65 82.56 + 0.81
Electronics 16 67.32 £4.18 64.57 £432 69.61 £354 71.12 +£7.29 75.40 £ 243 81.86 + 1.56 81.15 £239
32 72.80 £430 70.10 £ 381 73.20 +2.14 72.30 4 3.88 79.99 + 158 82.40 £ 0.76 83.24 1+ 1.14

Table 6: k-shot domain transfer accuracy for all 4 domains of Amazon sentiment classification.

k Small (29.1 M) Medium (41.7 M) Base (110.1 M)
MT-BERT Our MT-BERT Our MT-BERT Our

4 57554864 55704975 54.07 £543 54.17 £1034 63.58 £14.04 75.98 £2.93
Scitail 8 60.13 +£577 63.85+319 5588 +£704 60.17 £58 6577 £1053 76.89 +2.28
16 65.00 £2.73 6698 £1.72 63.84 £391 65.23 £223 7250 £ 1001 79.71 £1.27
32 6540 +454 6723 £205 67.40 £299 6532 +276 74.04 £03.09 82.15 +1.29
4 6099 +505 71.83 £669 63.66 +£743 T4.72+374 64.04 £853 83.60 + 1.49
Amazon DVD 8 6338 +691 7349 +134 67.30+439 7524 £1.17 6637 £9.12 83.75 £ 061
16 67.99 £205 72.88 £066 70.73 £288 7472 +£158 68524676 8291 £1.20
32 69.50 +£128 7324 +£133 71.35+£28 7520 +244 7638 £200 84.13 £0.68
4 3157 +£306 4091 £572 35.00 £5.11 43.12 £260 59.47 440 59.60 +582
CoNLL 8 3597 £396 4596 +4.58 36.40 +£341 49.04 +£284 64.72 £560 73.55 +3.44
16 38.89 +£284 53.14+1.70 39.41 £221 55.05 £254 70.78 £2.92 80.85 £2.15
32 4450 +£256 60.74 +196 44.57 +164 6259 +1.83 81.09 £1.09 8745+ 112

Table 7: k-shot performance for three models sizes.

that best values are determined for each k. Epochs
search range is [5, 10, 50, 100, 150, 200, 300, 400]
and batch-size search range is [4,8,16]. The se-
lected values, for k = (4,8,16,32), are: (1)
Hybrid-SMLMT: epochs = (300, 350,400, 200),
batchsize = (8,16,8,16); (2) SMLMT: epochs
= (100, 200, 150, 200), batchsize = (8, 16,8, 16).
Expected overall average validation accuracy for
these hyper-parameters, for £k € (4,8,16,32)
are: (1) Hybrid-SMLMT: (0.80, 0.81, 0.83, 0.84);
(2) SMLMT: (0.54, 0.56, 0.62, 0.68). Hyper-
parameters for BERT, LEOPARD and MT-BERT

are taken from Bansal et al. (2019).

Training Hardware and Time: We train the
SMLMT and Hybrid-SMLMT models on 4 V100
GPUs, each with 16GB memory. Owing to the
warp layers, our training time per step and the GPU
memory footprint is lower than LEOPARD (Bansal
et al., 2019). However, our training typically runs
much longer as the model doesn’t overfit unlike
LEOPARD (see learning rate trajectory in main
paper). Meta-training takes a total of 11 days and
14hours.
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