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Abstract: One of the biggest traps “AI” (artificial intelligence) projects fall into is demanding an entire solution fit 
into the ML (machine learning) paradigm. One of the continual learning techniques in ML to overcome this 
challenge is the so called ‘Learning to Prompt for Continual Learning (L2P)’ that can be applied to practical 
continual learning scenarios without known task identity or boundaries. L2P uses a single frozen backbone model 
and learns a prompt pool to conditionally instruct the model. After discussing main categories of recent continual 
learning algorithms, this paper provides an overview of LSP by discussing its layers.  
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INTRODUCTION 
 
One of the biggest traps “AI” (artificial intelligence) projects fall into is demanding an entire solution fit into the 
ML (machine learning) paradigm. Such projects insist on learning everything from the data and discount any a priori 
knowledge of the problem. Consequently, unstable solutions are created on purpose by using the most complex 
solution for the most trivial aspects of a problem. 
 
To overcome this challenge, this paper explores a continual learning technique - the so called ‘Learning to Prompt 
for Continual Learning (L2P)’ - that can be applied to practical continual learning scenarios without known task 
identity or boundaries. It provides a framework with a single frozen backbone model to display how it learns a 
prompt pool to conditionally instruct the model.  
 
OVERVIEW OF EXISTING WORK 
 
In 1950s, Alan Turing proposed a solution to the question of when a system designed by a human is ‘intelligent.’ 
Turing proposed a test that involves the capacity of a human listener to make the distinction of a conversation with 
a machine or another human-being; if this distinction is not detected, we can admit that we have an intelligent 
system, or artificial intelligence (AI).  
 
In 1955, the term artificial intelligence was coined by the computer scientists McCarty, Minsky, Rochester, and 
Shannon as “computing systems that are able to engage in human-like processes such as learning, adapting, 
synthesizing, self-correction and use of data for complex processing tasks” (Popenici& Kerr, 2017, para. 3). Most 
AI applications involve the techniques of machine learning, deep learning, and natural language processing, among 
others. 
 

 Machine learning (ML) is a subdiscipline of AI that consists of learning algorithms that use available data sources 
to summarize certain phenomena and further identify patterns. ML systems can be trained or learn to build a 
predictive model through supervised classification or unsupervised clustering(Ciolacu et al., 2018). 

 Deep learning is a type of ML technology that uses artificial neural networks through layers of interconnected 
nodes to simulate the operation of the human brain(Cheng et al., 2018). 

 Natural language processing is a field of AI related to understanding the human language through the analysis of 
sentences and the use of algorithms to extract the meaning of words. One well-known application is chatbots 
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that can understand common language requests and respond automatically, thus providing immediate 
assistance to users(Lu et al., 2020). 

 
While ML can provide good solutions for many problems, it can’t be perfect. Probabilistic outcomes can be 
considered as both a bug and a feature. It is a feature because probabilistic outcomes are more robust yet, it is also a 
bug as probabilistic outcomes can produce false positives, false negatives, and inconsistent value propositions for 
users. 
 
Over the last several years, the rapidly growing size of deep learning models has quickly exceeded the memory 
capacity. While previous models like BERT can efficiently scale by leveraging data parallelism in which model 
weights are duplicated across accelerators while only partitioning and distributing the training data, recent large 
models like GPT-3 can only scale using model parallel training, where a single model is partitioned across different 
devices. 
 
With only one line of code, any neural network can be transformed into a distributed version with an optimal 
parallelization strategy that can be executed on a user-provided device cluster. Existing ML parallelization strategies 
such as inter-operator parallelism and intra-operator parallelism assigns distinct operators to different devices which 
includes data parallelism, operator parallelism and expert parallelism so that collective communication is used to 
synchronize the results across devices. 
 
The BERT model is based on two stages: pre-training and fine-tuning (Devlin et al., 2019). During pre-training, the 
model is trained on a large unlabeled corpus. The model is then fine-tuned, starting with the pre-trained parameters 
and refining all parameters with task-specific labeled data.  
 
Figure 1. The BERT Encoder 
 

 
 
BERT is a leading model for a variety of Natural Language Processing (NLP) tasks, demonstrating its efficiency and 
potential.  
 
BERT is based on the attention mechanism (Vaswani et al., 2017) that was invented to allow a model to 
comprehend and remember the contextual relationships between features and text. BERT represents a single 
sentence or a pair of sentences as a sequence of tokens with the following characteristics: 
 

 The first token in the sequence is [CLS]. 

 When there is a pair of sentences in the sequence, they are separated by the token [SEP]. 

 For a given token, its input representation is constructed by summing the corresponding token, position, and 
segment embeddings (see Figure 2). 
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Figure 2. BERT Architecture 
 
Despite theselimitations of hardware and software, AI providers could still benefit from a broader and more 
complex view of codes and customization by finding AI techniques and tools that are able to analyze complex 
codes and share an expanded view of both coding and functional patterns.  
 
Advances in reinforcement learning (RL) have enabled agents to perform increasingly complex tasks in challenging 
environments.The notion of “value” in RL is intrinsically linked to affordances, in that the value of a state for skill 
reflects the probability of receiving a reward for successfully executing the skill. For an agent to perform complex 
tasks in realistic environments, it must be able to effectively reason over long horizons. The nature of the ideal state 
abstraction is closely tied to the action abstraction, as the most suitable abstraction of state should depend on the 
kinds of decisions that the higher-level policy needs to make, which in turn depends on the actions (skills) available 
to it.  
 
For any skill, its value function captures two key properties: 1) the preconditions and affordances of the scene, i.e., 
where and when the skill can be used, and 2) the outcome, which indicates whether the skill executed successfully 
when it was used. 
 
Moreover, Graph Neural Networks (GNNs) have extended the benefits of RL to the non-Euclidean domain, 
allowing for standardized and re-usable machine learning approaches to problems that involve relational (graph-
structured) data [48]. GNNs are powerful machine learning (ML) models for graphs that leverage their inherent 
connections to incorporate context into predictions about items within the graph or the graph as a whole. A 
popular task for GNNs is node classification, in which a GNN is trained to infer node labels that represent some 
unknown property of each node, such as user interests in a social network.  
 
Given a decision process with a finite set of k skills trained with sparse outcome rewards and their corresponding 
value functions, one can obtain an abstract representation that maps a state to a k-dimensional representation which 
captures functional information about the exhaustive set of interactions that the agent can have with the environment, 
and is thus a suitable state abstraction for downstream tasks. 
 
When the relationship between input and output data in the underlying problem changes, ML will become obsolete 
over time. This is cause for diligent monitoring but also making a solution narrow. ML is also sensitive to the 
context or the background distribution of data. Such complex problems also arise due to changes in dataoccurrence, 
and could further be complicated by the context surrounding the data. To overcome the complexity, artificial neural 
networks (ANNs) which entail optimal features can be used to conduct excellent prediction and classification 
analysis.  
 
Before transformers, recurrent neural networks (RNN) were the go-to solution for natural language processing. 
Numerous efforts have since continued to push the boundaries of recurrent language models and encoder-decoder 
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architectures [38, 24, 15]. Recurrent models typically factor computation along the symbol positions of the input 
and output sequences. As RNN had to process data sequentially, they could not handle long sequences of text. 
Also, they only captured the relations between a word and the words that came before it. Transformers made it 
possible to process entire sequences in parallel, and to track the relations between words across very long text 
sequences in both forward and reverse directions. 
 
When it comes to utilizing ML algorithms for form-based documents, it can be a challenge to convert unstructured 
text data into structured information as form documents often have more complex layouts that contain structured 
objects, such as tables, columns, and text blocks. Interwoven columns, tables, and text blocks make serialization 
difficult, substantially limiting the performance of a strict serialization approach.  
 
A natural approach to handle form document understanding tasks is to first serialize the form documents (usually in 
a left-to-right, top-to-bottom fashion) and then apply state-of-the-art sequence models to them. To that end, 
Extended Transformer Construction (ETC; Ainslie et al., 2020) is a technique which scales transformers to long 
sequences with a sparse global-local attention mechanism. The aim is to mitigate the sub-optimal serialization of 
forms for document information extraction.  
 
Most of the work done in ML has focused on supervised algorithms. Their main strength is that they produce 
models that can be incorporated in the decision-making process [4]. The ordinary supervised learning techniques 
use independent and identically distributed (IID) data, where all training examples are sampled from a fixed set of 
classes, and the model has access to these examples throughout the entire training phase. 
 
One of these continual learning techniques in ML is the so called ‘Learning to Prompt for Continual Learning 
(L2P)’ thatcan be applied to practical continual learning scenarios without known task identity or boundaries. The 
next section will discuss the features in more detail. 
 
Conceptual Framework 
 
L2P leverages the representative features from pre-trained models; however, instead of tuning the parameters 
during the continual learning process, L2P keeps the pre-trained model untouched, and instead learns a set of 
prompts that dynamically instruct models to solve corresponding tasks.  
 
There are three main categories of recent continual learning algorithms (Wang et. al, 2022): 
 

- Regularization-based methods limit the plasticity of the model by limiting the learning rate on important parameters 
for previous tasks.  

- Rehearsal-based methods construct a data buffer to save samples from older tasks to train with data from the 
current task.  

- Architecture-based methods aim at having separate components for each task.  
 
As it is displayed in Figure 3, L2P uses a single frozen backbone model and learns a prompt pool to conditionally 
instruct the model. “Model 0” indicates that the backbone model is fixed at the beginning (Wang et. al, 2022). 
 

 

Figure 3. Overview of L2P 
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Given a pre-trained Transformer model, “prompt-based learning” modifies the original input using a fixed template.  
 
Prompts that are frequently shared encode more generic knowledge while other prompts encode more task-specific 
knowledge.  
 
This type of transformer architecture has evolved as the classic feed-forward neural network is not designed to keep 
track of sequential data and maps each input into an output. A ML model that processes text must not only 
compute every word but also take into consideration how words come in sequences and relate to each other. Here 
is an overview of problems that sequential neural networks purports to solve: 
 
o A “vector to sequence” model takes a single input, such as an image, and produces a sequence of data, such as 

a description. 
o A “sequence to vector” model takes a sequence as input, such as a product review or a social media post, and 

outputs a single value, such as a sentiment score. 
o A “sequence to sequence” model takes a sequence as input, such as an English sentence, and outputs another 

sequence, such as the French translation of the sentence. 
 
In a traditional attention layer, each token representation is linearly transformed into a Query vector, a Key vector, 
and a Value vector. At a high level, for each attention head at each layer, the aim is to examine each pair of token 
representations, to determine the ideal features the tokens should have if there is a meaningful relationship between 
them, and to penalize the attention score according to how different the actual features are from the ideal ones. This 
allows the model to learn constraints on attention using logical implication. 
 
A token “looks” for other tokens from which it might want to absorb information (i.e., attend to) by finding the 
ones with Key vectors that create relatively high scores when matrix-multiplied by its Query vector and then 
softmax-normalized. The token then sums together the Value vectors of all other tokens in the sentence, weighted 
by their score, and passes this up the network, where it will normally be added to the token’s original input vector. 
Aligning the positions to steps in computation time, they generate a sequence of hidden states, as a function of the 
previous hidden state and the input for position t. The Transformer relies on an attention mechanism to draw 
global dependencies between input and output.  
 
The input text must be processed and transformed into a unified format before being fed to the transformer. First, 
the text goes through a “tokenizer,” which breaks it down into chunks of characters that can be processed 
separately. The tokens are then converted into “word embeddings.” A word embedding is a vector that tries to 
capture the value of words in a multi-dimensional space. Word embeddings are created by embedding models, 
which are trained separately from the transformer. There are several pre-trained embedding models that are used for 
language tasks. 
 
Once the sentence is transformed into a list of word embeddings, it is fed into the transformer’s encoder module. It 
can receive an entire sentence’s worth of embedding values and process them in parallel. This makes transformers 
more compute-efficient than their predecessors and also enables them to examine the context of the text in both 
forward and backward sequences. 
The output of the attention layer is fed to a feed-forward neural network that transforms it into a vector 
representation and sends it to the next attention layer. The task of the decoder module is to translate the encoder’s 
attention vector into the output data (e.g., the translated version of the input text). During the training phase, the 
decoder has access both to the attention vector produced by the encoder and the expected outcome (e.g., the 
translated string).The more training data and parameters the transformer has, the more capacity it gains to maintain 
coherence and consistency across long sequences of text. 
 
Discussion 
 
This study explored the use of a ‘Learning to Prompt for Continual Learning (L2P)’ that can be applied to practical 
continual learning scenarios without known task identity or boundaries. It expored how L2P uses a single frozen 
backbone model and learns a prompt pool to conditionally instruct the model. 
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An ongoing critique and inquiry in proposed solutions are critical to promote, and develop knowledge and wisdom. 
The same holds true for the field of AI. Despite a plethora of techniques, there is a need for research on the privacy 
implications of the current control on developments of AI with a focus on imagination, creativity, and innovation; 
the set of abilities and skills that can hardly be ever replicated by machines. 
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