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Abstract

Controllable text generation is a growing field
within natural language generation (NLG) that
focuses on producing text that meets specific
constraints in real-world applications. Previ-
ous approaches, such as plug-and-play con-
trollers (PPCs), aimed to steer the properties
of generated text in a flexible manner. How-
ever, these methods often compromised the in-
tegrity of the language model’s decoding pro-
cess, resulting in less smooth text generation.
Alternatively, other techniques utilized multi-
ple attribute prompts to align the generated text
with desired attributes, but this approach re-
quired prompt design for each attribute and was
dependent on the size of the language model.
This paper introduces a novel method for flex-
ible attribute control in text generation using
pre-trained language models (PLMs). The pro-
posed approach aims to enhance the fluency of
generated text by guiding the generation pro-
cess with PPCs. The key idea is to dynamically
adjust the distribution of generated text by mod-
ifying prompts, effectively constraining the out-
put space of the language model and influenc-
ing the desired attribute. To enable smooth
cooperation between the PLM and the PPC,
our work innovatively proposes a new model
fine-tuning method: Reinforcement Learning
with Dynamic Adjust Feedback (RLDAF).This
fine-tuning process adapts a small subset of the
language model’s parameters based on the gen-
erating actions taken during the PPC control
process. The resulting harmonious collabora-
tion between the PLM and PPC leads to im-
proved smoothness in text generation during
inference. Extensive experiments were con-
ducted on the SST2 dataset, and the proposed
method outperformed previous approaches in
various evaluation metrics, including text flu-
ency and attribute consistency.
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Figure 1: This is a sketch of our proposed method,
which illustrates the process of adjusting the prefix and
fine-tuning the language model. It demonstrates how
text generation is optimized within the constraints of
prefix parameters.

1 Introduction

Enough studies have shown that large-scale PLMs
can largely improve the performance of down-
stream tasks (Radford et al., 2019). These models
can generate fluent text which is close to the hu-
man level (Raffel et al., 2020) through simple pre-
training tasks on a large number of unlabeled text.
PLMs are also capable of making the generated text
meet the specific constraints in real applications,
which has become a hot research field in natural
language processing (Zhang et al., 2022). To pre-
vent fine-tuning the massive parameters of PLMs,
Plug-and-Play Controllers (PPC) are proposed to
dynamically control the specific attributes of the
generated text by an external module. For example,
PPLM (Dathathri et al., 2019) uses an external at-
tribute discriminator to guide and modify a small
portion of parameters in PLMs.

However, we found that since the core parame-
ters of PLMs have to be changed every time a token
is generated, this method destroys the integrity of
PLMs, making the results easy to fall into the lo-
cal optimum, and thus generating repetitive and
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meaningless text.

Another method used to control text generation
is prefix-tuning (Li and Liang, 2021). This method
controls text generation by inserting a trainable
prefix parameter before the model input, but the
prefix parameter of this method is fixed once it is
trained, which is difficult to be used for complex
constraint control tasks.

Therefore, in this work, we propose a novel
method to improve the smoothness of PPC-guided
text generation. This method inserts a set of train-
able prompt parameters at the beginning of the
input sequence of PLM and tunes a small portion
of LM parameters to make the LM adapted to the
external controller. In detail, during the fine-tuning
phase, we generate the text under the control of
the external attribute discriminator, which adjusts
the parameters of prompts in each timestep. Then,
we calculate a reward according to the generated
results to evaluate the generation quality, enabling
the language model to learn how to interact with
dynamic prompts parameters via on-policy rein-
forcement learning. During the inference phase,
the attributes discriminator adjusts the prompt pa-
rameters based on the current generated results, and
the model will generate the required text based on
the current prompt constraints. Since the language
model already learns how to cooperate smoothly
with the controller in the fine-tuning phase, the in-
tegrity of PLM is improved during the generation
process with the prefixes being the flexible global
constraints.

We have conducted sufficient experiments on
topic control and emotion control tasks. The experi-
mental results show that our method is significantly
superior to the previous methods in terms of text
generation fluency and quality, which proves that
our method is very effective.

Our main contributions can be described as fol-
lows:

* We propose a novel plug-and-play control-
lable text generation method by dynamically
adjusting prompts. Compared with the pre-
vious methods, the text generated by our ap-
proach has a significant improvement in flu-
ency and generation quality.

* We have innovatively proposed a fine-tuning
method RLDAF (Reinforcement Learning
with Dynamic Adjust Feedback) that encour-
ages language models to better work together
with external controllers so that language mod-

els can better understand “dynamic” prefix
instructions.

* We have conducted extensive experiments to
evaluate the fluency and attribute control qual-
ity of the generated text. The experimental
results proved the effectiveness of our model.

2 Related Work

The method to control the specific attributes or
contents of the generated text has been widely stud-
ied (Kale and Rastogi, 2020; Sha et al., 2021; Liu
et al., 2021a; Sha and Lukasiewicz, 2021). The
most recent methods are built upon the large-scale
pre-training language model (PLM), which is based
on transformers and used a large-scale corpus to
learn copious language knowledge. In terms of
NLG, PLMs can generate text with unprecedented
quality. In general, an NLG system that is valuable
in practical applications should be able to generate
text that meets human expectations reliably.

Fine-tuning. In the above background, many
pieces of research on controllable text generation
based on PLMs have emerged. Kale and Rastogi
(2020) have studied the fine-tuning PLMs to com-
plete the data-to-text task. The experiment shows
that the effect of the model is better than that of
the previous pipelined neural network model. Rein-
forcement learning can also be used to control text
generation. Such methods fine-tune PLM by tak-
ing whether constraints are met as rewards (Ziegler
et al., 2019). (Stiennon et al., 2020) training a scor-
ing model to directly capture human preferences,
then use this model to calculate rewards and train
the Generative model through Reinforcement learn-

ing.

Prompt Learning In order to make better use
of the language understanding ability of PLMs, re-
searchers have proposed a method called prompt
learning, which allows PLMs to complete sen-
tences according to the constructed prompt tem-
plate without fine-tuning PLMs. The research of
this method mainly focuses on how to build tem-
plates. Jiang et al. (2020) propose the method of
manually constructing templates. Shin et al. (2020)
use an automatic search method to generate dis-
crete prompts. After that, researchers proposed
a continuous token template (Lester et al., 2021),
this method is called Prompt Tuning. Due to the
serious impact of prompt design on its effective-
ness, Liu et al. (2021b)proposed to convert it into
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a learnable Embedding layer. A similar method is
prefix-tuning (Li and Liang, 2021), which realizes
controllable text generation by fine-tuning continu-
ous parameters inserted in front of sentences. This
method maintains the integrity of the PLMs and
makes the survival text have a high fluency. How-
ever, the prefix parameters are fixed after training,
which makes it necessary to train multiple different
prefixes for different scenes, that is, this method is
not plug-and-play.

Directly Modeling. Another important method
is to start from the pre-training task and directly
model the controlled text generation, such as
CTRL (Keskar et al., 2019), POINTER (Zhang
et al., 2020), CoCon (Chan et al., 2020), etc. How-
ever, this kind of approach requires a large amount
of parallel data for training, which is usually hard
to get in many real-world situations.

Plug-and-play Controllers. Due to the increas-
ing parameters of PLMs, reranking the generated
text in the post-processing mode becomes feasible
and promising. Plug-and-play language models
proposed by Dathathri et al. (2019); Sha (2020)
provide a new idea for controllable text genera-
tion tasks. This method uses a discriminator with
fewer parameters to guide the PLMs and controls
the distribution of text generated by changing the
hidden states of PLMs. There are also other kinds
of plug-and-play controllers. GeDi (Krause et al.,
2021) trains different small class-conditional lan-
guage models (CC-LMs) to guide the PLMs by
contrast. Similarly, DEXPERTS (Liu et al., 2021a)
proposes to reorder the PLMs results in the de-
coding stage according to the opinions of experts
and anti-experts. FUDGE (Yang and Klein, 2021)
adjusts the probability of PLM generation by learn-
ing future discriminators that operate on partial
sequences. The above methods do not carry out
any further training on the pre-training model, and
any distinguishable attribute control can use this
method. However, each token generated by this
method will adjust the hidden states of the PLMs,
which makes the model easy to fall into local opti-
mization during the generation process, resulting in
low fluency of the generated text (Yang and Klein,
2021).

3 Prompting PPC
3.1 Motivation

Compared with the traditional method of fine-
tuning the PLMs, the Plug-and-Play controller can
adjust the model parameters according to the cur-
rent generation state (Pascual et al., 2021). The
model parameters corresponding to each token dur-
ing generation are different, which conforms to the
generation method of the autoregressive language
model. However, in practice, this method destroys
the integrity of the PLM, and it is easy to fall into
the local optimal solution when controlling the gen-
eration distribution of the next token.

Therefore, we believe that this method of dy-
namically adjusting the parameters of the PLMs
in the inference phase is not stable, and intuitively,
dynamically adjusting the prompt (similar to prefix
tuning (Li and Liang, 2021)) instead of the PLM’s
parameters in the inference phase will lead to a
much more stable result. To make the PLM work
more smoothly with the dynamic prompt, we bor-
rowed the idea of instruct-tuning (Ouyang et al.,
2022) and proposed to fine-tune part of the param-
eters in the language models to learn to understand
dynamic prefix instructions and generate text that
meets constraint requirements.

3.2 Methodology Overview

Based on the above inspiration, we propose
the Prompt-PPC model, which is a controllable
text generation method based on dynamic prefix
prompts. In our method, the attributes discrimi-
nator will first update the prefix parameters of the
model to adjust them to appropriate instructions,
and then the fine-tuned language model will gener-
ate the next token based on the prompts and current
input.

Assume that we have a language model parame-
terized by the prefix parameters and the fine-tuned
parameters: LMem fizBim and an attribute dis-
criminator Dgs,-. In order to obtain a continu-
ous prefix parameter, we add a group of vector
(p1,p2, - - ., pm) With length [ before the sequence
(x1,22,...,2y). Unlike prefix tuning (Li and
Liang, 2021), the prefix parameters in our method
are not fixed during the generate stage. Before each
token is generated, the attribute discriminator will
adjust the prefix parameters to constrain the gen-
eration of language models so that the constraint
information is transmitted to the language model.

However, it is difficult for PLMs to understand

167



these dynamically changing continuous prompts,
so we need to fine-tune PLMs themselves to ob-
tain the ability to understand it. Firstly, Dynami-
cally tuning prompts. The attribute discriminator
adjusts the prefix parameters through the current
hidden states of the model, so that the prefix pa-
rameters act as dynamic prompts to guide the gen-
eration of the model to meet constraints. Based
on the control signal emitted by the prefix param-
eters, the language model continues to generate n
steps. Secondly, Calculate rewards. The reward
model (including the attribute discriminator and a
fluency evaluator) will calculate rewards according
to the results generated in the previous step. Then,
we propose an innovative model training method:
Reinforcement Learning with Dynamic Adjust
Feedback (RLDAF). In this process, the language
model continuously attempts to generate sentences
under the control of the dynamic prompts and op-
timizes a portion of the PLM’s parameters based
on the rewards given by the attribute discriminator
and fluency evaluator to learn how to understand
dynamic prompts and generate text that meets the
conditions based on these constraints.

3.3 Dynamic inference

As mentioned above, in our method, the prefix
parameters of the generative model in the inference
phase are dynamically adjusted. Specifically, for
an autoregressive language model Py (y|z) with a
Transformer (Vaswani et al., 2017) architecture and
parametrized by ¢, the hidden states at time step
iis h; € R? (d represents the length of the word
vector) where h; = [hgl); e ;hg")] and hgj) is the
hidden states of the j-th Transformer layer at time
step ¢. Assume the prefix length is [/, we insert a
trainable set of parameters in front of the h;:

hi = [R5+ s PO R M) (1)

(]

If the current input text is X(z1,---,x;),
through the language model we can calculate the
output and hidden states at time step ¢ + 1:

0i+1 = LM(X, Hprefima elm) (2)

The hidden states h;;1 of the model will be con-
catenated with the previous h<; as input to the
attribute discriminator D4, the attribute discrim-
inator will output the control effect of the current
generated result and provide a gradient towards the
direction of constraint generation as in Eqn. 3.

div1 = Dastr(h1, ..., hiv1; Oater)- 3)

Dynamic instruction fine-
tuned Language Model

L

Figure 2: The illustration of the Prompt-PPC infer-
ence process, which shows how the fine-tuned language
model generates text that satisfies constraints through
dynamic prefix instructions.

The loss function of this part shall be constructed
separately according to different constraint tasks.
For emotional control, the emotion classification
result obtained by the discriminator (d;) and the
target (y;) calculation cross-entropy loss can be
used as the discriminator loss:

N
1
Lq= —N;yi log(d;). “)

Then, we can use the following formula to up-
date the inserted prefix parameters:

WP = h® +ax v, (P, 5)

The above parameter update process will be iter-
ated m times. To enhance computational efficiency,
we typically set m within the range of 3 to 5. No-
tably, the hidden states beyond the prefix range
remain unaffected by the update, thereby ensuring
that the model retains the previously generated con-
tent and maintains its integrity. Once the attribute
discriminator adjusts the prefix parameters to the
appropriate prompt, the fine-tuned model gener-
ates the next token based on the current prompt.
The above process will iterate to obtain complete
sentences that meet the constraint conditions.

3.4 Reinforcement Learning with Dynamic
Adjust Feedback (RLDAF)

In this section, we will discuss in detail how to
fine-tune the language model to understand the
instructions expressed by dynamic prompts. Due
to the lack of the prefix parameters during the pre-
training phase of the language model, the language
model cannot understand the instruction signals
issued by the adjusted prefix. To enable the model
to possess this capability, we innovatively propose
a method to fine-tune the language model, enabling
it to perform better in the inference phase.
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Assuming that the input to the model is
X(x1, 2, ,x;), we first adjust the prefix param-
eters to an appropriate value through the attribute
discriminator as described in 3.3. At this time, the
output of the model can be represented as:

0ij+1 = LM(X, eprefizv elm)a (6)

where 0,11 is the output of the model. We hope
that the language model can understand the con-
tinuous prompts to adjust the generation strategy,
which can generate text that meets attribute con-
straints and has high fluency. We primarily use
reinforcement learning to fine-tune the language
model from two rewards. (1) Control Reward: by
using the output of the attribute discriminator. (2)
Fluency Reward: the opposite of the KL diver-
gence between the learned RL policy 7} ! with
parameters 6 and this original pretrained model
mg. Assume that y; is the target attribute, the full
reward can be written as:

Ri = Dayr (yil(z1, 22, -+, Tigr)),  (7)
k
Ry = —% K L[y " (X),m(X)],  (8)
=
R=Ry+ Ry. ©)

R, in Eqn. 7 represents the reward for satisfying
constraints. It should be noted that the attribute
discriminator we use here is the same as the one
used for prompts adjustment. The difference is
that when adjusting the prompts, we only generate
one token preceding the current position from the
model and input the corresponding hidden states.
In contrast, during the fine-tuning process of the
language model, we typically generate an addi-
tional n tokens in the backward direction and cal-
culate the reward once. Generally, n falls within
the range of 2 to 4.

The calculation of KL divergence primarily aids
in measuring the fluency of language model genera-
tion, ensuring that the output of the model remains
consistent with that of the pre-trained language
model. As mentioned earlier, we usually calculate
a reward once after the model generates several ad-
ditional tokens. During this process, we compute
the KL divergence for each token, subsequently
averaging them to obtain a fluency reward as Ry in
Eqn. 8.

for simplicity, we use 6 to represent (Opre fizs Oim)
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Figure 3: Schematic diagram of fine-tuning the language
model in our method. Firstly, the attribute model adjusts
the prefix parameters to issue appropriate instructions.
The language model generates text based on the instruc-
tions, and then, calculates rewards for the generated text
through the attribute model and fluency model. Based
on this reward, the language model is fine-tuned to gain
the ability to understand dynamic instructions.

Finally, we optimize our language model param-
eters by the PPO strategy gradient algorithm (Schul-
man et al., 2017), enabling the language model to
have the ability to understand dynamic prompts. In
practical experiments, to improve the efficiency of
model tuning, we use the LORA (Hu et al., 2021)
method to only fine-tune a small portion of the
model. PPO algorithm is a policy gradient method,
we can sample and calculate the rewards of differ-
ent generation strategies of the model, and calcu-
late the reward expectations of different strategies.
Then, we update the model parameters by gradient
descent as shown in Eqn. 10 and Eqn. 11:

T
Vo (0) = E |>_ Volog(rg™(X1)) - Ri|
t=0
(10)
Onew = 901d+a'V9J(0)' (1)

In the above equation, 7'('5[' represents the training

language model, R; is the reward at time step ¢,
T is the number of forward steps and the « is the
learning rate.

4 Experiment

4.1 Datasets and Metrics

In our experiment, we mainly used two data sets:
the bag-of-words data set and the SST2 emotion
data set, which correspond to the topic control task
and the emotion control task, respectively.

* Bag of Words: The “Bag of Words” dataset
was first proposed in PPLM (Dathathri et al.,
2019), which includes seven topics: SCI-
ENCE, MILITARY, LEGAL, TECHNOL-
OGY, SPACE, POLITICS, and RELIGION,
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each of which contains hundreds of words
that match the topic. The dataset can well
represent the characteristics of different top-
ics through the words in the same “bag” and
has a high degree of differentiation between
different topics, which has been used in many
studies to achieve the topic control task.

e SST-2: The SST-2 dataset (Socher et al., 2013)
is a widely used dataset for training and evalu-
ating models for sentiment analysis, which is
the task of determining the sentiment or emo-
tion expressed in a piece of text. The SST-2
dataset consists of approximately 67,000 En-
glish language sentences drawn from movie
reviews, annotated with labels indicating the
sentiment expressed in the sentence. The la-
bels are either “positive” or “negative”, and
the task is to classify a given sentence as be-
longing to one of these two categories. The
SST-2 dataset is often used to evaluate the
performance of machine learning models for
natural language processing tasks, such as text
classification.

We divide sentence generation metrics into gen-
eral metrics and attribute metrics. For general met-
rics, it refers to metrics that can be used to evaluate
the effect of sentence generation for any gener-
ated sentence. Here, we mainly consider two met-
rics: perplexity (PPL) and distinct (Dist)(Li et al.,
2015). PPL is widely used to evaluate sentence flu-
ency. For a fair comparison, we calculate PPL by
a third-party pretrained GPT model?®. Specifically,
we think that the text generated by initial PLMs
has high fluency. So, we take the output of initial
PLMs in the next step as the label:

(12)

L; = argmax(Pgpr(r1, 72, -+ ,2i-1)).

Then, we use the prompt-ppc model to calculate
the probability of the label L;:

P(Lz) — Ppromptfppc(Li’(xla T2, ,.%‘1;1)).

(13)

Then, we calculate the cross entropy loss from the
third-party pretrained GPT model output p(z;) and
the tag to get the PPL:

N
PPL = exp (- Zlog(P(Li))> . (14
=1

2https://huggingface.co/openai—gpt

Another indicator Dist(Li et al., 2015) is a com-
mon indicator to evaluate the richness of the text.
This indicator is based on the BOW model, and the
calculation formula is:

) Uniquen—grams
Dist,, = g

15
TOtaln—grams ’ (15)

where Unique,—grams represents the number of
non-repeating binary phrases in the generated text,
and T'otal,,— grams represents the total number of
binary phrases in the generated text.

Next, we introduce attribute metrics, which de-
scribe the degree to which the generated sentences
conform to the control attribute. Obviously, for
different attribute control tasks, we need to design
different metrics to describe the constraint effect of
sentences. Here we mainly introduce our two exper-
iments: how to design attribute metrics for theme
control and emotion control. For the topic con-
trol task, we use the synonym expansion method
to get a new test word bag according to the word
bag in the dataset, and then calculate the propor-
tion of words in the test word bag in the generated
sample as the topic evaluation metric (TOPIC).
For the emotion control task, we use the model
with the highest accuracy of emotion classifica-
tion in the SST-2 data set in Huggingface? to an-
notate the generated text with emotion. Then, we
calculate the accuracy rate of emotional control
according to the labeling results and control objec-
tives as the evaluation metric of emotional control
task (Sentimentge.).

4.2 Architectures and Hyperparameters

For the topic control task and emotion control
task, we use GPT2_MEDIUM as the PLM used in our
method. GPT2_MEDIUM is a version of the GPT-2
model with 345 million parameters, which is less
than a quarter of the original GPT-2 model.

Our experiments are based on the HuggingFace
Transformer models (Wolf et al., 2020). We use the
AdamW optimizer (Loshchilov and Hutter, 2017)
during prefix tuning and the PPO algorithm (Schul-
man et al., 2017) in dynamic instruction fine-tuning.
We use the PEFT (Mangrulkar et al., 2022) frame-
work for the implementation of prefix adjustment.
For our two tasks in the experiment, the number of
iterations m, which represents the number of times
the prefix parameter is adjusted before the model

Shttps://huggingface.co/
distilbert-base-uncased-finetuned-sst-2-english
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generates a token, is set to 5 in our experiment, the
prefix length is set to 10 and the sampling steps n
in dynamic instruction fine-tuning is 3 according
to grid search.

4.3 Ablation test and baselines

We use four models for the ablation test:

* Prompt-PPC: The method proposed in this ar-
ticle involves fine-tuning the language model
to gain the ability to understand dynamic pre-
fix instructions, and dynamically adjusting
prefix parameters to constrain model gener-
ation during the inference stage;

PPC-KV: Dynamically adjust all K and V
parameters during the inference phase without
inserting prefix parameters;

PPC-Prefix: Directly using dynamic prefixes
as global control for language model genera-
tion without fine-tuning;

PLM-RL: Only Reinforcement learning is
used to fine-tune the language model, and the
language model parameters are fixed during
reasoning;

* PPC-Fluency: Do not consider fluency when
calculating rewards.

In addition to the ablation study, we also compared
five baseline models, namely:

* GPT2: we use the origin pretrained GPT-2
(with the version name gpt2-medium) as the
baseline.

e PPLM: a plug-and-play language model for
controlled text generation;

* Prefix: a controllable text generative model
with only fine tuning prefix parameters;

* FUDGE: a model for post-processing gener-
ated results using future discriminators;

* GEDI:a plug-and-play model based on di-
rectly model;

Diffusion-LM:a controllable text generation model
based on diffusion theory.

4.4 Main Result
4.4.1 Topic Control

First, we consider the topic experiment based on
the “Bag of Words” dataset. Our goal is to make
the model generate sentences belonging to different
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topics according to the same prefix when inputting
different topic word bags under the premise of en-
suring the fluency of sentences. For a given subject
word bag, we use the most common maximum
likelihood model to give the attribute description.
Given a word bag [w;, wa, ...wy], the probability
distribution of model output is p; 11, the attribute
can be described as:

k

log(alz) = log() | Pryrfwi)).

=1

(16)

Based on the results of the ablation experiment
as Table 1, we found that dynamically adjusting the
k and v parameters of the model without adding
prefix parameters can disrupt the consistency of the
model, leading to a decrease in the fluency of the
generated text. If the language model is not fine-
tuned, the fluency and attribute consistency of the
model will be insufficient. This indicates that the
dynamic prefix adjustment and model fine-tuning
proposed in this study significantly improve the
results.

Model Perplexity| TopicT Distl? Dist27 Dist31
PPC-KV 48.25 0.75 0.31 0.71 0.91
PPC-Prefix 37.93 0.66 0.33 0.75 0.92
PLM-RL 32.36 0.77 0.29 0.70 0.90
PPC-Fluency 54.13 0.88 0.25 0.68 0.89
Prompt-PPC 29.41 0.83 0.32 0.72 0.92

Table 1: The ablation test result of topic-controlled text
generation.

We also tested our proposed method and other
methods separately, evaluated it according to the
above metrics, and obtained the following results
as Table 2. From the results, we can see that our
method achieves the generation performance of
the original GPT?2 in terms of fluency, and outper-
formed other methods in terms of diversity, which
shows that our method can avoid the repeated gen-
eration phenomenon caused by the model falling
into local optimization. In terms of subject control,
our method also shows a satisfactory control effect.

Model Perplexity] TopicT Distl? Dist2? Dist31
GPT2 23.57 0.37 0.35 0.74 0.92
PPLM 51.26 0.76 0.30 0.71 0.88
FUDGE 44.26 0.78 0.35 0.74 0.90
Prompt-PPC 29.41 0.83 0.32 0.72 0.92

Table 2: The baselines result of topic-controlled text
generation

Through the generated results of the model, we
found that the model not only learns the given



words in the word bag, but also generates the words
that are not in the word bag but conform to the topic
description, which shows that the model is not only
learning to generate specific words but also under-
standing the meaning of the topic through the word
bag.Some generated instances such as Table 3:

[legal]The pizza delivery service company has been
accused of using a fake company name to advertise
its service. The company has denied the allegations.
[military]The pizza delivery war is heating up again.
The battle between delivery drivers and pizza com-
panies is because of a conflict.

[science]The pizza chain was accused of using fake
lab to refund 1.5 million in taxes. They said they had
data to prove that the money was used for experi-
ment to make pizza.

[technology]The pizza delivery app is now available.
The app icon is a red circle.It’s a great app for those

control model generation during the inference pro-
cess, improving attribute consistency.

Model Perplexity| Sentiment-acct Distlt Dist2? Dist31
PPC-KV 38.45 0.73 0.34 0.78 091
PPC-Prefix 40.61 0.75 0.33 0.81 0.92
PLM-RL 30.35 0.76 0.31 0.77 0.90
PPC-Fluency 51.21 0.79 0.24 0.69 0.88
Prompt-PPC 30.93 0.83 0.32 0.77 0.91

Table 4: The ablation test result of the sentiment control
text generation.

We compared more baseline methods for emo-
tion control tasks to demonstrate the effectiveness
of our approach, as shown in in Table 5. By fine-
tuning the language model to adapt to the dynamic
inference process, Prompt PPC achieved high flu-
ency and emotion control effects among many
methods.

who want to get their pizza delivered to their door. Model Perplexity] Sentiment-acc] Distl] Dist2] Dist31
GPT2 27.54 0.62 030 078 091

. : : PPLM 51.20 0.79 024 051 088

Table 3: Ins.tances of topic control generation control Prefix 2974 076 031 o017 0%
text generation FUDGE 37.26 0.81 035 077 090
GEDI 35.24 0.70 039 081 092

Diffution-LM ~ 41.35 0.77 033 080 087

Prompt-PPC 30.93 0.83 032 077 091

4.4.2 Sentiment Control

Since the subject control experiment can use the
content of the word bag to calculate the loss, it
does not need an external discriminator. However,
for some control tasks that cannot be solved us-
ing the word bag, a discriminator can provide an
external gradient to guide the model to adjust the
parameters. Here we take the emotional control
task as an example. We use the “SST-2” datasets
to test the effect of our method on the emotion
control task. For this task, our goal is to make the
model learn how to generate positive or negative
emotional text according to the input tags through
the training set. we first need to train an external
emotion discriminator. This discriminator is based
on the pre-training model we use, and it is trained
by fine-tuning the “SST-2” datasets. Then, we can
get the emotional attribute description of the output
according to the discriminator D:
log(alz) = D(x1,x2,...70). (17)
For emotion control tasks, from the results of ab-
lation experiments in Table 4, we can see that our
method has a fluency level close to that of the tradi-
tional Reinforcement learning fine-tuning language
model, while improving the effect of attribute con-
trol. This is because our method uses dynamic pre-
fix parameters as global constraints to dynamically

Table 5: The baselines result of the sentiment control
text generation

The following instances in Table 6 shows the
generation examples of the model under the emo-
tion control task. We show the generation examples
of different labels under the same prefix.

[SST-2]it’s not original ,and,robbed of the element
of surprise,it doesn’t have any huge laughs in its
story of irresponsible cops who love to play pranks.
[Negative]

[Prompt-PPClit’s not original,but it’s still good, and
it’s not a bad game.[Positive]

[Prompt-PPClit’s not original. I'm not sure if it’s a
joke or not. I hate that.[Negative]

Table 6: Instances of sentiment control generation con-
trol text generation

5 Conclusion

In this work, we propose Prompt-PPC, which is
a method to realize controllable text generation
by dynamically adjusting prompts during model
generation. We first propose a fine-tuning method
to enable language models to understand dynamic
prefix instructions, and in inference process, this
method takes the prefix as a global constraint, pro-
vides a gradient through an external discriminator,
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and flexibly adjusts the prefix during the generation
process to prompt PLMs to generate in the direction
of the constraint. We have conducted experiments
on topic control and emotion control tasks. The ex-
perimental results show that the fluency of the text
generated by our method is very close to PLMs,
and the diversity and control effect of the generated
text is better than the previous methods. We hope
that this work can broaden the thinking of prompt
learning in the field of text generation. In the fu-
ture, our method is expected to be applied to more
complex and fine-grained control tasks.

Limitations

First of all, like the traditional plug-and-play
method, our method only uses the externally
decoupled attribute discriminator to control at-
tributes(Pascual et al., 2021). This method leads
to the lack of information interaction between the
discriminator and the generator, which leads to the
coarse-grained control in the generation process
and the quality of the generated text. In this work,
we use the method of dynamically adjusting the
prefix as the global constraint, which improves the
above problems to some extent, but in our method,
the attribute discriminator is still independent of
the model.

Secondly, how to properly initialize prefix pa-
rameters is also a challenge. For given different
inputs, the model uses the same initialization prefix
parameters, which will cause the generation per-
formance of the model to be unstable for different
inputs. At the same time, during the generation
of each token, the prefix parameter will affect the
generation effect of the model due to the limited
number of plug-and-play tuning epochs. This prob-
lem can be improved by increasing the number
of plug-and-play tuning epochs, but at the same
time, it will increase the complexity of the model
calculation and the generation time of the token.

Acknowledgements

This work was supported by the National Nat-
ural Science Foundation of China under grant
No. KZ37117501, No. ZG216S23ES8, and No.
KZ60030101.

References

Alvin Chan, Yew-Soon Ong, Bill Pung, Aston Zhang,
and Jie Fu. 2020. CoCon: A Self-Supervised Ap-

173

proach for Controlled Text Generation. In Interna-
tional Conference on Learning Representations.

Sumanth Dathathri, Andrea Madotto, Janice Lan, Jane
Hung, Eric Frank, Piero Molino, Jason Yosinski, and
Rosanne Liu. 2019. Plug and Play Language Models:
A Simple Approach to Controlled Text Generation.
arXiv preprint arXiv:1912.02164.

Edward J Hu, Yelong Shen, Phillip Wallis, Zeyuan
Allen-Zhu, Yuanzhi Li, Shean Wang, Lu Wang,
and Weizhu Chen. 2021. Lora: Low-rank Adap-
tation of Large Language Models. arXiv preprint
arXiv:2106.09685.

Zhengbao Jiang, Frank F Xu, Jun Araki, and Graham
Neubig. 2020. How Can We Know What Language
Models Know? Transactions of the Association for
Computational Linguistics, 8:423-438.

Mihir Kale and Abhinav Rastogi. 2020. Text-to-Text
Pre-Training for Data-to-Text Tasks. In Proceed-
ings of the 13th International Conference on Natural
Language Generation, pages 97-102.

Nitish Shirish Keskar, Bryan McCann, Lav R Varsh-
ney, Caiming Xiong, and Richard Socher. 2019.
Ctrl: A Conditional Transformer Language Model
for Controllable Generation. arXiv preprint
arXiv:1909.05858.

Ben Krause, Akhilesh Deepak Gotmare, Bryan McCann,
Nitish Shirish Keskar, Shafiq Joty, Richard Socher,
and Nazneen Fatema Rajani. 2021. GeDi: Genera-
tive Discriminator Guided Sequence Generation. In
Findings of the Association for Computational Lin-
guistics: EMNLP 2021, pages 4929-4952.

Brian Lester, Rami Al-Rfou, and Noah Constant. 2021.
The Power of Scale for Parameter-Efficient Prompt
Tuning. In Proceedings of the 2021 Conference on
Empirical Methods in Natural Language Processing,
pages 3045-3059.

Jiwei Li, Michel Galley, Chris Brockett, Jianfeng Gao,
and Bill Dolan. 2015. A Diversity-promoting Objec-
tive Function for Neural Conversation Models. arXiv
preprint arXiv:1510.03055.

Xiang Lisa Li and Percy Liang. 2021. Prefix-Tuning:
Optimizing Continuous Prompts for Generation. In
Proceedings of the 59th Annual Meeting of the Asso-
ciation for Computational Linguistics and the 11th
International Joint Conference on Natural Language
Processing (Volume 1: Long Papers), pages 4582—
4597.

Alisa Liu, Maarten Sap, Ximing Lu, Swabha
Swayamdipta, Chandra Bhagavatula, Noah A Smith,
and Yejin Choi. 2021a. DExperts: Decoding-Time
Controlled Text Generation With Experts and Anti-
Experts. In Proceedings of the 59th Annual Meet-
ing of the Association for Computational Linguistics
and the 11th International Joint Conference on Natu-
ral Language Processing (Volume 1: Long Papers),

pages 6691-6706.



Xiao Liu, Yanan Zheng, Zhengxiao Du, Ming Ding,
Yujie Qian, Zhilin Yang, and Jie Tang. 2021b. GPT
Understands, Too. arXiv preprint arXiv:2103.10385.

Ilya Loshchilov and Frank Hutter. 2017. Decou-
pled Weight Decay Regularization. arXiv preprint
arXiv:1711.05101.

Sourab Mangrulkar, Sylvain Gugger, Lysandre De-
but, Younes Belkada, Sayak Paul, and Benjamin
Bossan. 2022. PEFT: State-of-the-art Parameter-
Efficient Fine-Tuning Methods. https://github.
com/huggingface/peft.

Long Ouyang, Jeffrey Wu, Xu Jiang, Diogo Almeida,
Carroll Wainwright, Pamela Mishkin, Chong Zhang,
Sandhini Agarwal, Katarina Slama, Alex Ray, et al.
2022. Training Language Models to Follow Instruc-
tions With Human Feedback. Advances in Neural
Information Processing Systems, 35:27730-27744.

Damian Pascual, Beni Egressy, Clara Meister, Ryan
Cotterell, and Roger Wattenhofer. 2021. A Plug-and-
play Method for Controlled Text Generation. arXiv
preprint arXiv:2109.09707.

Alec Radford, Jeffrey Wu, Rewon Child, David Luan,
Dario Amodei, Ilya Sutskever, et al. 2019. Language
Models Are Unsupervised Multitask Learners. Ope-
nAl blog, 1(8):9.

Colin Raffel, Noam Shazeer, Adam Roberts, Katherine
Lee, Sharan Narang, Michael Matena, Yanqi Zhou,
Wei Li, Peter J Liu, et al. 2020. Exploring the Lim-
its of Transfer Learning With a Unified Text-to-text
Transformer. J. Mach. Learn. Res., 21(140):1-67.

John Schulman, Filip Wolski, Prafulla Dhariwal,
Alec Radford, and Oleg Klimov. 2017. Proximal
Policy Optimization Algorithms. arXiv preprint
arXiv:1707.06347.

Lei Sha. 2020. Gradient-guided Unsupervised Lexically
Constrained Text Generation. In Proceedings of the
2020 Conference on Empirical Methods in Natural
Language Processing (EMNLP), pages 8692—-8703.

Lei Sha, Patrick Hohenecker, and Thomas Lukasiewicz.
2021. Controlling Text Edition by Changing An-
swers of Specific Questions. In Findings of the Asso-
ciation for Computational Linguistics: ACL-IJCNLP
2021, pages 1288-1299.

Lei Sha and Thomas Lukasiewicz. 2021. Multi-type
Disentanglement Without Adversarial Training. In
Proceedings of the AAAI Conference on Artificial
Intelligence, volume 35, pages 9515-9523.

Taylor Shin, Yasaman Razeghi, Robert L Logan IV,
Eric Wallace, and Sameer Singh. 2020. AutoPrompt:
Eliciting Knowledge from Language Models With
Automatically Generated Prompts. In Proceedings
of the 2020 Conference on Empirical Methods in
Natural Language Processing (EMNLP), pages 4222—
4235.

Richard Socher, Alex Perelygin, Jean Wu, Jason
Chuang, Christopher D Manning, Andrew Y Ng, and
Christopher Potts. 2013. Recursive Deep Models for
Semantic Compositionality Over a Sentiment Tree-
bank. In Proceedings of the 2013 conference on
empirical methods in natural language processing,
pages 1631-1642.

Nisan Stiennon, Long Ouyang, Jeffrey Wu, Daniel
Ziegler, Ryan Lowe, Chelsea Voss, Alec Radford,
Dario Amodei, and Paul F Christiano. 2020. Learn-
ing to Summarize With Human Feedback. Advances
in Neural Information Processing Systems, 33:3008—
3021.

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob
Uszkoreit, Llion Jones, Aidan N Gomez, Lukasz
Kaiser, and Illia Polosukhin. 2017. Attention Is All
You Need. Advances in neural information process-
ing systems, 30.

Thomas Wolf, Lysandre Debut, Victor Sanh, Julien
Chaumond, Clement Delangue, Anthony Moi, Pier-
ric Cistac, Tim Rault, Rémi Louf, Morgan Funtowicz,
et al. 2020. Transformers: State-of-the-art Natural
Language Processing. In Proceedings of the 2020
conference on empirical methods in natural language
processing: system demonstrations, pages 38—45.

Kevin Yang and Dan Klein. 2021. FUDGE: Controlled
Text Generation With Future Discriminators. In Pro-
ceedings of the 2021 Conference of the North Amer-
ican Chapter of the Association for Computational

Linguistics: Human Language Technologies, pages
3511-3535.

Hanging Zhang, Haolin Song, Shaoyu Li, Ming Zhou,
and Dawei Song. 2022. A Survey of Control-
lable Text Generation Using Transformer-based
Pre-trained Language Models. arXiv preprint
arXiv:2201.05337.

Yizhe Zhang, Guoyin Wang, Chunyuan Li, Zhe
Gan, Chris Brockett, and William B Dolan. 2020.
POINTER: Constrained Progressive Text Genera-
tion via Insertion-based Generative Pre-training. In
Proceedings of the 2020 Conference on Empirical
Methods in Natural Language Processing (EMNLP),
pages 8649-8670.

Daniel M Ziegler, Nisan Stiennon, Jeffrey Wu, Tom B
Brown, Alec Radford, Dario Amodei, Paul Chris-
tiano, and Geoffrey Irving. 2019. Fine-tuning Lan-
guage Models from Human Preferences. arXiv
preprint arXiv:1909.08593.

174



