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ABSTRACT

Prompt tuning (PT), where a small amount of trainable soft (continuous) prompt
vectors is affixed to the model input, has shown promising results across vari-
ous tasks and model architecture for parameter-efficient fine-tuning (PEFT). PT
stands out from other PEFT approaches because it maintains competitive perfor-
mance with fewer trainable parameters and does not drastically scale up its param-
eters as the model size expands. However, PT introduces extra soft prompt tokens,
leading to longer input sequences, which significantly impacts training/inference
time and memory usage due to the Transformer’s quadratic complexity. Particu-
larly concerning for Large Language Models (LLMs) that face heavy daily query-
ing. To address this issue, we propose Decomposed Prompt Tuning (DEPT),
which decomposes the soft prompt into a shorter soft prompt and a pair of low-
rank matrices that are then optimised with two different learning rates. This al-
lows DEPT to achieve better performance while saving substantial memory and
time costs compared to vanilla PT and its variants, without changing trainable pa-
rameter sizes. Through extensive experiments on 23 natural language processing
(NLP) and vision-language (VL) tasks, we demonstrate that DEPT outperforms
state-of-the-art PEFT approaches, including the full fine-tuning baseline, in some
scenarios. Additionally, we empirically show that DEPT grows more efficient as
the model size increases. Our further study reveals that DEPT integrates seam-
lessly with parameter-efficient transfer learning in the few-shot learning setting

and highlights its adaptability to various model architectures and sizes.

1 INTRODUCTION

Fine-tuning (FT) language models
(LMs) (Raffel et al., 2020; Touvron
et al., 2023) on downstream tasks of-
fers large performance improvements
across various natural language pro-
cessing (NLP) tasks, but it requires
updating and storing full parameters
of the LMs (see Figure 1a), which is
especially expensive when LMs con-
tain hundreds of millions or even bil-
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Figure 1: The overview of Fine Tuning (FT), Prompt Tun-
ing (PT), and Prompting Engineering. PT increases the
length of the input sequence, leading to much greater com-
putational demands during train and inference phrases.

lions of parameters. Prompt engineering (Brown et al., 2020) does not update any parameters while
it is typically hard to design and has a high-performance variance (Wang et al., 2023a) (see Fig-
ure lc). Consequently, parameter-efficient fine-tuning (PEFT) approaches (Liu et al., 2022) have
attracted growing interest, aiming to learn only a small number of parameters per task while main-
taining performance levels comparable to full fine-tuning.

Prompt Tuning (PT) (Lester et al., 2021) has emerged as a promising PEFT approach, which ap-
pends trainable continuous prompt vectors to the input (see Figure 1b). PT stands out from other
PEFT approaches as it maintains competitive performance with fewer trainable parameters and does
not drastically scale up its trainable parameters as the model size expands. Recent works suggest that
the majority of the LM’s knowledge is acquired during its pretraining phase (Zhou et al., 2023), and
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that in-context learning (ICL) with just a few carefully designed stylistic examples and a carefully
designed system prompt can achieve impressive alignment results (Lin et al., 2023). Considering
scenarios where tasks have already been somewhat understood by LMs and the key challenge is just
to properly prompt the LMs, PT emerges as a potentially better option to other PEFT approaches.

While PT has shown promising results across various tasks and models, it has two major limitations:
(1) PT often suffers from slow convergence and is sensitive to the initialization (Lester et al., 2021;
Vu et al., 2022; Wang et al., 2023b); and (2) PT extends the total length of the input sequence,
consequently exacerbating the computation demand (i.e., train/inference time and memory cost), due
to the quadratic complexity of the Transformer (Vaswani et al., 2017). This is further accentuated
given the slow convergence issue. Recent studies (Su et al., 2022; Vu et al., 2022; Li et al., 2022)
have proposed the variants of the vanilla PT to tackle the first issue by initially pre-training soft
prompts on a variety of source tasks, which is known as Parameter-Efficient Transfer Learning
(PETL), as depicted in Figure 2a. Some studies (Asai et al., 2022; Wang et al., 2023b) also improve
the performance of the PT by jointly training learned prompts from these source tasks on multiple
target tasks (referred to as Multi-task Learning). However, the issue of increased computational load
due to the extension of sequence length remains largely unaddressed. While PETL approaches can
reduce the training steps for model convergence, each optimization step remains computationally
expensive in terms of time and memory. Most importantly, it does not enhance the efficiency during
the inference phase, which is particularly crucial in the era of Large Language Models (LLMs),
considering that the trained models may be queried millions of times per day.

In thl S WOI'k, we propose N Transfer Learning | N Multi-Task Learning |

Decomposed Prompt Tuning /e Target Task 1
U Y I

(DEPT), which decomposes a train- E Prompts E

able soft prompt into a shorter soft ! :
Y O Y e

Source Task N

prompt and a couple of low-rank
matrices, where the multiplication
of low-rank matrices is then added
element-wise to frozen word em-
beddings, as shown in Figure 2b
(§2.2).  This shorter soft prompt
and the updated word embedding
matrix are then optimised using two
different learning rates - a crucial
step for model convergence (§3.4).
The intuition of this design is to
enable representation updates within
the frozen word embedding, thereby
increasing the adaptability of input
representations that were previously Figure 2: The overview of the PETL framework (Top) and
unavailable.  Experimental results our method DEPT (Bottom). DEPT decomposes a trainable
on 23 natural language processing soft prompt of the vanilla PT into a shorter soft prompt and
(NLP) and vision-language (VL) a couple of low-rank matrices, where the multiplication of
tasks demonstrate  DEPT outper- low-rank matrices serves to update frozen word embedding.
forms the state-of-the-art PEFT

approaches, including the full fine-tuning baseline in certain scenarios (§3.2). Our study empirically
shows that DEPT largely improves the training efficiency across various model architectures and
sizes, saving more than 20% (using T5-BASE) in both training time and memory costs compared to
the vanilla PT. Importantly, DEPT becomes increasingly efficient as the model size grows, making
it particularly advantageous and suitable for LLMs (§3.3). Furthermore, our additional analysis in
the few-shot learning setting reveals the DEPT’s compatibility with PETL approaches (§3.4).
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(b) Decomposed Prompt Tuning (DePT)

In summary, the main contributions of this paper are as follows:

* We propose DEPT method, which addresses a key efficiency limitation of Prompt Tuning
by decomposing its soft prompt to reduce input sequence length. DEPT largely improves
the training and inference efficiency, in terms of both time and memory costs;

* Our comprehensive evaluation on 23 NLP and VL tasks demonstrates that DEPT outper-
forms state-of-the-art PEFT approaches, including the full fine-tuning in some scenarios.
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Additionally, our experiments show that DEPT smoothly integrates with PETL approaches
and the advantage of DEPT persists in the few-shot learning setting;

* We empirically show that DEPT becomes increasingly efficient as the model size grows,
making it particularly well-suited for LLMs. Furthermore, DEPT is orthogonal to various
PEFT approaches (i.e., Adapter, LoRA) and can be easily combined together.

2 METHOD

In this section, we first revisit background of Prompt Tuning (PT) in §2.1 and then introduce our
proposed method, Decomposed Prompt Tuning (DEPT) in §2.2.

2.1 BACKGROUND: PROMPT TUNING (PT)

Let L £ {x;,y;}~ , denote N labelled training data for the target task 7. Given a backbone model
parameterised by ©, each input text ; is mapped into a sequence of word embeddings W, € R**4,
where s and d represent the maximum sequence length and the dimension of word embeddings. PT
appends a trainable prompt matrix P € R'*? to the frozen word embedding matrix W;, where [
is a hyper-parameter for the number of virtual tokens. The soft prompt P can be initialised either
randomly or by sampling word embeddings from the vocabulary. Consequently, the model’s input
becomes the combined matrix [P; W;] € R(:+2)Xd, The targeted loss function is formulated as:

Lpr ==Y log P(y;|[P,Wi];0), (1)
where the loss function is only optimised with respect to the soft prompt matrix P.

2.2 OUR APPROACH: DECOMPOSED PROMPT TUNING (DEPT)

The decomposition of the soft prompt. DEPT differs from the vanilla PT method in the aspect of
inputs. As shown in Figure 2b, we decompose a trainable prompt matrix P € R**? from the vanilla
PT into two components: (1) a shorter trainable prompt matrix P, € R™*?; and (2) a pair of low-
rank matrices, A € R**" and B € R"*?, where typically the rank of the matrices r < min(s, d).
The first component, the smaller trainable prompt matrix, is appended to the word embedding matrix
in a similar manner as in the vanilla PT. The second component uses the multiplication of two low-
rank matrices to represent the update of the word embedding through a coordinate-wise sum:

W, =W, + AW, = W, + BA € R°*¢, 2)
where W; is frozen and does not receive gradient updates during the training, whereas A and B are

trainable. Following Hu et al. (2021), we use a random Gaussian initialization for A and zero for B,
so AW = BA is zero when the training starts. The loss function is then optimised as follows:

Lpgpr = — Zlog P(y; |[Ps, Wi/] ;0) 3)

In our experiment, we choose the values of m and r to satisfy the equation I x d = m x d+(s+d) xr
for maintaining the exact size of trainable parameters as in the vanilla PT. Consequently, m is always
less than [ when r > 0. This design improves memory efficiency and reduces computational expense
compared to the vanilla PT, as the shorter input sequence length (i.e., m + s < [ + s) substantially
reduces computation due to the quadratic complexity of the Transformer (Vaswani et al., 2017).

Two rates of learning. DEPT also differs from the vanilla PT in training. We train the shorter
trainable prompt matrix, P, with the learning rate «; and the pair of low-rank matrices, A and
B, with the learning rate s, rather than use a single learning rate as in the vanilla PT. The «; is
typically much larger than the ao. We will empirically validate the importance of this choice in §3.4.
However, DEPT may introduces extra training costs for the hyperparameter optimization (see §5).

3 EXPERIMENTS AND RESULTS

In this section, we introduce our experimental setup (see §3.1), evaluate the performance of DEPT
across 23 different NLP and VL tasks (see §3.2), and assess relative train/inference time and mem-
ory cost of DEPT (see §3.3), and explore the effectiveness of DEPT in the few-shot learning setting
and importance of two different learning rates for training DEPT (see §3.4).
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3.1 EXPERIMENTAL SETUP

Datasets and tasks. We evaluate our proposed method DEPT on 21 NLP tasks and 2 vision-
language tasks. For NLP tasks, we follow the previous works (Vu et al., 2022; Sung et al., 2022b;
Asai et al., 2022; Wang et al., 2023b) and use various datasets sourced from: (1) GLUE (Wang
et al., 2018) benchmark, including MNLI (Williams et al., 2018), QQP!, QNLI (Rajpurkar et al.,
2016), SST-2 (Socher et al., 2013), STS-B (Cer et al., 2017), MRPC (Dolan & Brockett, 2005), RTE
(Giampiccolo et al., 2007) and CoLA (Warstadt et al., 2019); (2) SuperGLUE benchmark (Wang
et al., 2019), including MultiRC (Khashabi et al., 2018), BoolQ (Clark et al., 2019), WiC (Pilehvar
& Camacho-Collados, 2019), WSC (Levesque et al., 2012), and CB (De Marneffe et al., 2019); (3)
MRQA 2019 Shared Task (Fisch et al., 2019), including Natural Questions (Kwiatkowski et al.,
2019), HotpotQA (Yang et al., 2018), SearchQA (Dunn et al., 2017) and NewsQA (Trischler et al.,
2017); (4) other datasets, including WinoGrande (Sakaguchi et al., 2021), Yelp-2 (Zhang et al.,
2015), SciTail (Khot et al., 2018) and PAWS-Wiki (Zhang et al., 2019). For vision-language tasks,
we follow prior works (Sung et al., 2022a;b) to experiment with the visual question-answering task,
VQA (Goyal et al., 2017), and the image caption generation task, MSCOCO (Chen et al., 2015).

Baselines. We compare DEPT with a variety of baselines: (1) fine-tuning (FT), where all the model
parameters are tuned during adaptation on each downstream task; (2) the vanilla PT (Lester et al.,
2021), where target prompt vectors are initialized by randomly sampled top vocabularies, and its
variants using additional transfer and multi-task learning, including SPoT (Vu et al., 2022), AT-
TEMPT (Asai et al., 2022), and MPT (Wang et al., 2023b); (3) state-of-the-art PEFT approaches
including Adapters (Houlsby et al., 2019), AdapterDrop (Riicklé et al., 2021), BitFit (Ben Zaken
et al., 2022), HyperFomer (Karimi Mahabadi et al., 2021), HyperDecoder (Ivison & Peters, 2022),
P-tuning (Liu et al., 2021), LoRA (Hu et al., 2021), LST (Sung et al., 2022b), and their multi-task
learning variants. For a fair comparison, we directly quote performance metrics from published pa-
pers (Mahabadi et al., 2021; Karimi Mahabadi et al., 2021; Asai et al., 2022; Wang et al., 2023b;
Sung et al., 2022b) for a fair comparison, where all these baselines using the T5-BASE as the back-
bone and adhere to the train, validation and test splits used by Karimi Mahabadi et al. (2021);
Mahabadi et al. (2021) for NLP tasks and by Sung et al. (2022b) for vision-language tasks.

Implementation details. In our study, we mainly experiment using the T5-BAsSE model with 220M
parameters (Raffel et al., 2020). We consistently set the number of virtual tokens ! as 100 across
all tasks for the vanilla PT and adjust the hyper-parameters of DEPT accordingly to maintain the
equivalent number of trainable parameters. For instance, the vanilla PT contains [ X d trainable
parameters where the hidden size d is 768 for the T5-BASE, and DEPT can configure the number of
virtual tokens m as 40 and the rank of low matrices r as 45, resulting in m x d + (s+d) X r trainable
parameters. This yields a total of 76, 800 trainable parameters, aligning with the vanilla PT. For VL.
tasks, we utilise the CLIP-TS architecture which combines CLIP (Radford et al., 2021) and T5-
Bask (Raffel et al., 2020), with the CLIP frozen. We follow the prior work (Sung et al., 2022b) to
concatenate the visual representation from CLIP with the text embedding from the T5-BASE, where
a trainable visual projection layer is used between CLIP and TS to align the visual representation to
the same dimension as the text embedding.

We also extend our evaluation to include T5-SMALL (60M), T5-LARGE (770M), GPT2-SMALL
(110M), GPT2-MEpIiuM (345M), and GPT2-LARGE (774M) models. In the few-shot experiments,
we randomly select k£ examples three times from the training set and report the mean and standard
deviations for each k-shot experiment. Following the prior works in PETL for PT (Vu et al., 2022;
Suetal., 2022; Asai et al., 2022), we use MNLI, QQP, SST-2, SQUAD (Rajpurkar et al., 2016), and
ReCoRD (Zhang et al., 2018) as five source tasks. Our soft prompt and low-rank matrix pairs are
initialized from the soft prompts derived from one of these selected source tasks. Please see more
hyper-parameter and implementation details in Appendix §D.

3.2 MAIN RESULTS

This section shows the empirical evidence supporting the effectiveness of our proposed method
DEPT across 23 NLP and VL tasks. Table 1, 2, and 3 present our experimental results on GLUE
and SuperGLUE benchmarks, MRQA 2019 Shared Task and four other NLP datasets, as well as
two VL tasks. Additionally, we visualise the model performance against the number of trainable
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Table 1: Test results on GLUE and SuperGLUE benchmarks, with the corresponding size of train-
able parameters. All of the results are based on T5-BASE models. We use Pearson correlation for
STS-B, F1 for MultiRC (Multi), and accuracy for other tasks as evaluation metrics.
GLUE SuperGLUE
MNLI QQP QNLI SST-2 STS-B MRPC RTE CoLA Mean Multi Bool WiC WSC CB Mean
Single-Task Learning

Method #Para

Fine-tuning! 220M 86.8 91.6 93.0 946 89.7 902 719 61.8 849 728 81.1 70.2 59.6 85.7 73.9
Adapter! 19M 86.5 90.2 932 938 90.7 853 719 640 845 759 825 67.1 67.3 85.7 75.7
AdapterDrop* 1.IM 863 90.2 932 93.6 914 863 712 627 844 729 823 683 67.3 85.7 753
BitFit! 280k 85.3 90.1 93.0 942 909 86.8 67.6 582 833 745 79.6 70.0 59.6 78.6 72.5
LoRA2 38M 863 89.0 932 943 909 90.1 755 633 853 72.6 813 683 67.3 929 76.5
LST? 38M 85.6 88.8 933 941 90.7 904 719 58.1 841 - - - - = =
PT! 76.8k 83.4 90.2 93.1 919 902 90.1 788 60.7 84.8 657 63.7 50.8 51.9 67.9 60.0
DEPT (ours) 76.8k 85.0 90.4 932 942 90.8 90.7 79.1 63.8 859 743 793 68.7 67.3 92.9 76.5

Multi-task Learning
Fine-tuning (m)  28M 857 91.1 920 925 888 902 754 549 838 744 81700 712 857 76.1
Adapter (m) * 1.8M 863 90.5 932 93.0 899 90.2 703 61.5 844 72.6 823 66.5 67.3 89.3 75.6

HyperFormer (m) ! 638k 85.7 90.0 93.0 94.0 89.7 872 754 63.7 848 72.9 82.5 69.0 67.3 857 75.4
HyperDecoder (m)! 1.8M 86.0 90.5 934 940 90.5 87.7 71.7 559 83.7 704 78.8 67.1 61.5 82.1 72.0

Single-Task Training + Transfer Learning

SPoT! 76.8k 854 90.1 93.0 934 90.0 79.7 69.8 57.1 823 740 77.2 67.0 50.0 46.4 62.9
ATTEMPT? 232k 84.3 903 93.0 932 89.7 857 734 574 834 744 78.8 66.8 53.8 78.6 70.5
MPT? 77.6k 859 903 93.1 938 904 89.1 79.4 624 85.6 748 79.6 69.0 67.3 79.8 74.1

Multi-task Learning + Transfer Learning
ATTEMPT (m) ® 96k* 83.8 90.0 93.1 93.7 90.8 86.1 799 643 852 744 78.5 66.5 69.2 82.1 74.1

MPT (m) 3 10.5k* 84.3 90.0 93.0 933 904 89.2 827 63.5 85.8 74.8 79.2 70.2 67.3 89.3 76.1
! sourced from Asai et al. (2022). 2 sourced from Sung et al. (2022b). % sourced from Wang et al. (2023b). 4 we reproduce
and substantially increase the performance of the vanilla PT reported in the prior work (Asai et al., 2022). * These values are

obtained after amortizing over 8 tasks, and the minimal number of parameters to perform a single task remains 232k and 77.6k
for ATTEMPT and MPT. (m) represents additional multi-task training.

parameters for GLUE and SuperGLUE in Figure 6 of Appendix §A. Furthermore, we evaluate the
performance of DEPT using LLAMA-2 (Touvron et al., 2023) in Appendix §B. Experimental results
reveal three key findings: (1) DEPT consistently outperforms the vanilla PT and its PETL variants;
(2) DEPT achieves competitive or even better performance than state-of-the-art PEFT approaches
while using fewer trainable parameters; and (3) DEPT falls short in some certain tasks. Below we
delve deeper with respect to various tasks.

#1. Performance on GLUE and SuperGLUE benchmarks. As shown in Table 1, our experi-
mental result indicates that DEPT outperforms state-of-the-art PEFT approaches, such as Adapter,
LoRA and LST on the GLUE and SuperGLUE benchmarks, while using fewer trainable parameters.
Remarkably, DEPT also outperforms the full fine-tuning baseline on both benchmarks. In addition,
DEPT outperforms vanilla PT and all the variants of PT that introduce additional transfer learning
and multi-task learning. For example, ATTEMPT, which requires additional training for the soft
prompt on the source tasks, achieves an average score of 83.4 on the GLUE benchmark and 70.5
on the SuperGLUE benchmark. Meanwhile, DEPT outperforms ATTEMPT with scores of 85.9
and 76.5 on GLUE and SuperGLUE, despite training fewer parameters. Similarly, DEPT surpasses
MPT with 0.1% on the GLUE benchmark and 0.4% on the SuperGLUE benchmark, without utiliz-
ing additional transfer learning or multi-task learning. These results are achieved with less inference
time and reduced memory resources (refer to §3.3 for specifics), which validates the effectiveness
of DEPT. As the PT often underperforms in scenarios with limited labelled data (Gu et al., 2022),
we investigate the compatibility of DEPT and PETL later in the few-shot learning setting (§3.4).

#2. Performance on MRQA 2019 Shared Task and other NLP datasets. Table 2 presents the
performance of various PEFT approaches, including DEPT, on the MRQA 2019 Shared Task and
four other datasets. We observe that DEPT improves the average performance of the vanilla PT
by a substantial margin of +3.6% on MRQA and +14.2% on the other datasets. DEPT exceeds the
performance of the PT variants that leverage additional transfer and multi-task learning, without
introducing extra trainable parameters to the vanilla PT or relying on any PETL approaches. While
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Table 2: Test results on MRQA 2019 Shared Task and other datasets using the T5-BASE model.
We report the F; for MRQA tasks and accuracy for other datasets across three seeds, with standard
deviations in subscripts. All baseline results are directly quoted from Wang et al. (2023b).

MRQA Others
NQ HP SQA News  Mean WG Yelp SciTail PAWS Mean
Fine Tuning  220M  75.1 715 81.1 652 747 619 96.7 95.8 94.1  87.1

Method #Para

Adapters 1.9M 74.2 71.6 81.4 65.6 74.7 59.2 96.9 94.5 94.3 86.2
BitFit 280K 70.7 755 71.7 64.1 72.0 57.2 94.7 94.7 92.0 84.7
LoRA 3.8M 72.4 62.3 725 56.9 66.0 58.2 97.1 94.7 94.0 86.0
PT 76.8K  67.9 72.9 75.7 61.1 69.4 49.6 95.1 87.9 55.8 72.1
SPoT 76.8K  68.2 74.8 753 58.2 69.1 50.4 95.4 91.2 91.1 82.0
ATTEMPT 232K 70.4 75.2 713 62.8 714 57.6 96.7 93.1 92.1 84.9
MPT 716K 72001 75801 77201 63.701 722 56.509 96.490 95501 93.501 85.5

DEPT (ours) 76.8K 73291 76.803 77.602 64401 73.0 59.002 96.8p1 95.600 93.791 86.3

DEPT improves over the vanilla PT and its variants are promising, there remains a disparity in
performance when compared to the full fine-tuning baseline. Investigating ways to incorporate
DEPT with other PEFT methods, such as LoRA and Adapter, may provide a valuable direction for
future research towards narrowing this performance gap.

Table 3: Test results on the VQA and
MSCOCO dataset using T5-BASE model.
We report average results across three seeds,
with standard deviations in subscripts. All
baseline results are directly quoted from
Sung et al. (2022b). The best performance
for each column is highlighted in blue.

#3. Performance on Vision-Language tasks. Ta-
ble 3 provides an overview of the performance of
various PEFT approaches on two VL tasks, specifi-
cally VQA and MS COCO Caption Generation. Re-
sults show that DEPT, while updating much fewer
parameters, achieves a CIDEr score of 113.7 on the
MS COCO Caption Generation task, outperform-

ing state-of-the-art PEFT approaches. This suggests Updated VQA MSCOCO
he effecti £ d thod. H Method Params  Karpathy test ~Karpathy test
the effectiveness of our proposed method. However, %) Acc. (%) CIDEr
while DEPT outperforms methods such as P-tuning gy 100 67101 112205
and BitFit on the VQA dataset, it still falls short of  Adapters 708 67001 111.80 4
the full fine-tuning performance. This suggests that =~ LoRA 7.54 63.70.2 110.30.4
in certain tasks, the use of a greater number of train- B¢t 0.83 35.1o.2 101.29
! P-Tuning 1.26 47407 96.19.9
able parameters could be beneficial. LST 7.46 66.50.1 113.50.3
DEPT (ours)  0.74 59.80.4 113.70.3

3.3 TIME AND MEMORY EFFICIENCY

This section shows the empirical evidence supporting the efficiency of DEPT, spanning over diverse
model architectures of varying scales on the GLUE benchmark. To ensure a fair comparison, we
consistently keep the number of trainable parameters in DEPT the same as that in the vanilla PT
(I = 100). As a result, once we choose the length of the soft prompt m in DEPT, the rank of the
low-rank matrices r becomes determined. In our experiments, we primarily compare DEPT with
the vanilla PT using 5 different lengths of soft prompt m (i.e., 0, 20, 40, 60, 80). Figure 3 and 4
depict the average GLUE performance of DEPT, along with the associated training/inference time
and memory cost compared to the vanilla PT. Below we discuss two key findings.

# 1. DEPT improves time and memory efficiency substantially. Figure 3 presents the mean
performance of DEPT, associated with average training time and memory, on the GLUE bench-
marks, against different lengths of soft prompt m. The average training time and memory costs
are computed across 8§ tasks on the GLUE benchmark and three different model sizes. Both the
encoder-decoder (T5) and decoder-only (GPT-2) models are evaluated across three different model
sizes. The study reveals that decomposing the soft prompt (! = 100) into a small soft prompt and
low-rank matrices delivers comparable or even better performance while substantially enhancing
the efficiency of training and reducing memory utilization. Specifically, using a soft prompt length
greater than 20 in DEPT with the T5 model leads to a better average performance on the GLUE
benchmark to vanilla PT, while improving the efficiency of training and reducing memory utiliza-
tion by approximately 25%. This improvement is more pronounced (37% on the SST-2 dataset)
when we test DEPT (with m = 60) using the T5-3B model (see §B for details). Similar observa-
tions are also found when the GPT model is used, suggesting the adaptability of DEPT for different
model architectures. It is worth noting that DEPT may have a notable performance drop regardless
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Figure 3: Performance on the GLUE benchmark for different soft prompt lengths m in DEPT,
associated with corresponding relative train time and memory cost. The time and memory are aver-
aged over different model sizes using batch size as 16. DEPT consistently uses the same number of
trainable parameters as the vanilla PT (m=100).
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Figure 4: Average inference speed on GLUE benchmark using varying soft prompt length m and
the rank of low-rank matrices r, keeping the total number of trainable parameters constant. Small
texts in blue indicate the speed relative to the vanilla PT (represented by ) (m=100).

of using T5 or GPT-2, when the soft prompt is eliminated (m = 0) and the model solely depends on
the pair of low-rank matrices.

# 2. DEPT grows more efficient as the model size increases. Figure 4 represents the inference
speed, measured by the average number of samples evaluated per second on the GLUE benchmark
using a single RTX 3090 GPU. The inference time is computed using the Huggingface Trainer Class.
We observe that the relative improvement in the number of inference samples per second over vanilla
PT grows as the model size increases. For example, when using the T5-SMALL model, the vanilla
PT evaluates 167.3 samples per second, while DEPT (m = 20) evaluates 178.3 samples per second,
resulting in a 6.5% boost in inference speed. In contrast, when the T5-LARGE is utilized, the vanilla
PT evaluates 21.0 samples per second and DEPT (m = 20) evaluates 24.8 samples per second,
resulting in an 18.1% increase in inference speed, a substantial rise from the previous 6.5%. This
indicates that DEPT is particularly beneficial and more applicable in the context of LLMs. Please
refer to Appendix §B for the inference speed of DEPT and PT using T5-3B and LLAMA-2.

3.4 FURTHER ANALYSIS

Few-shot Learning. The vanilla PT often underperforms in the few-shot learning tasks (Gu et al.,
2022) due to the first limitation discussed in §1. To evaluate the performance of DEPT in the
few-shot setting, we employ the transfer learning method inspired by the recent PETL studies,
as illustrated in Figure 2a. Specifically, we pre-train both the soft prompt and the low-rank pair
on source tasks and select the best checkpoint before proceeding with the target task. Following
prior works (Karimi Mahabadi et al., 2021; Asai et al., 2022; Wang et al., 2023b), we evaluate the
effectiveness of DEPT across 14 NLP tasks, with % training examples where k = 4, 16, 32. Our
experimental findings reveal two key observations as follows: (1) DEPT integrates seamlessly with
PETL approaches; and (2) DEPT attains competitive or even better performance than state-of-the-
art PEFT approaches in the few-shot learning setting.

Table 4 compares the effectiveness of our proposed method DEPT with various PEFT approaches in
few-shot experiments, including full fine-tuning (FT), Adapters (AD), vanilla PT (PT), SPoT (ST),



Published as a conference paper at ICLR 2024

Table 4: Few-shot learning results with k& = {4, 16, 32} on the SuperGLUE BooQ, SuperGLUE
CB and SciTail datasets. We report average results across three seeds, with standard deviations in
subscripts. Baseline results are directly quoted from Wang et al. (2023b). The best performance for
each row is highlighted in blue.

k-shot  FT AD PT ST HF (1A ATP MPT DEPT
#Para 220M 19M 768K 76.8K 638K 553K 232K 77.6K 76.8K

4 505 534 616 505 480 567 618 622 62754
BoolQ 16 565 514 619 506 502 620 60.0 633 66944
32 584 545 617 612 583 67.2 653 68.9 67234

4 577 511 535 714 60.7 65.5 679 736 7505,
CB 16 710 748 635 64.3 76.3 714 714 786  78.643
32 80.0 748 678 64.3 814 750 785 82.1 82.1y3

4 796 795 577 69.6 820 654 802 802 7815
SciTail 16 80.0 832 608 719 865 744 795 873 78514
32 819 850 60.2 719 858 804 802 863 8543,

Table 5: Few-shot learning results with k& = {4, 16, 32} on GLUE and SuperGLUE benchmarks. We
report average results across three seeds, with standard deviations in subscripts. Baseline results are
directly quoted from Wang et al. (2023b).

Task

. GLUE SuperGLUE
k-shot Method
MNLI QQP QNLI SST-2 STS-B MRPC RTE CoLA Avg. Multi BoolQ WiC wsC CB  Avg.
PT 40.1 63.2 40.4 53.0 88.8 68.1 56.3 274 547 618 61.6 51.2 60.4 535 577
4 MPT 59.4 82.0 86.2 56.5 89.1 68.1 62.6 348 673 622 622 529 67.3 736  63.6
DEPT 44011 77467 85844 59331 84127 7358 63538 29323 646 62313 62754 57511 67999 75051 65.1
PT 415 62.3 59.9 50.9 87.8 68.1 54.7 285 567 603 61.9 489 442 635 558
16 MPT 61.6 84.7 90.6 63.2 89.1 70.1 64.8 321 695 645 63.3 49.8 67.3 786  64.7
DEPT 61825 80313 91205 77663 87117 78123 71910 27117 719 60.608 66944 59.607 57727 78.643 647
PT 37.0 62.3 56.7 50.9 87.5 68.1 547 232 551 592 61.7 52.6 67.3 678 617
32 MPT 63.6 88.5 91.0 759 89.7 74.5 59.7 308 717 633 68.9 539 67.3 82.1 67.1
DEPT 63335 80.1p7 91305 804g7 89.2g; 8ldszs 72759 28.601 734 60127 67234 58007 63.136 82123 664

HyperFormer (HF), (IA)3, ATTEMPT (ATP), and MPT on BoolQ, CB, and SciTail datasets. Table 5
presents the performance of DEPT against the vanilla PT and MPT on the GLUE and SuperGLUE
benchmark. Experimental results show that vanilla PT struggles with few-shot tasks, indicating the
importance of PETL for the PT in few-shot learning tasks as suggested in previous works (Vu et al.,
2022; Su et al., 2022). Nevertheless, the performance of DEPT largely benefits from the PETL
framework (see Figure 2a). For example, while the vanilla PT obtains an accuracy of 53.5% on
SuperGLUE CB dataset and 57.7% on the SciTail dataset when k=4, DEPT with PETL achieves
an accuracy of 75.0% on SuperGLUE CB dataset and 78.1% on the SciTail dataset, for the same
k value. This result supports our first observation about the compatibility of DEPT and PETL
approaches. Furthermore, DEPT with transfer learning achieves comparable performance with the
variant of the PT, MPT across 14 NLP tasks. Notably, DEPT surpasses the performance of all other
variants of the PT (i.e., SPoT, ATTEMPT) and other PEFT approaches, demonstrating our method’s
efficacy and endorsing our second observation.

The importance of different learning rates. Figure 5 : : :
presents the experimental results from 3 different learn- % 0 0 o 10 o
ing rate settings to train the soft prompt and the pair of GLUE Performance (%)

low-rank matrices as follows: (1) use a singular learning tR=1e3 tR=se-4 Mixed LR
rate of 3e-1; (2) use a singular learning rate of 5e-4; (3)
apply mixed learning rates (with grid search), where the
soft prompt is trained with a larger rate and the pair of
low-rank matrices is trained with a lower rate. In our ex-
periments, the first option obtains an average performance
of 40.8 on the GLUE benchmark. The second option exhibits an average performance of 54.7, while
the third option demonstrates a largely improved average performance of 85.7 on the GLUE bench-
mark. This indicates the importance of training DEPT with two different learning rates.

Learning
Rate

Figure 5: Test results on GLUE bench-
mark using T5-BASE, showing the im-
portance of training DEPT with differ-
ent learning rates.

4 RELATED WORKS

Parameter-efficient Fine-tuning. In contrast to standard fine-tuning and prompt-based fine-
tuning (Devlin et al., 2019; Schick & Schiitze, 2021; Shi & Lipani, 2023) where full parameters are



Published as a conference paper at ICLR 2024

updated, parameter-efficient fine-tuning (PEFT) approaches have demonstrated remarkable perfor-
mance across a wide range of tasks (Wang et al., 2018; Shi et al., 2022; Wu et al., 2023a; Hendriksen
et al., 2022; Wu et al., 2023b; Yang et al., 2023) while updating only a limited number of parame-
ters. Adapters (Houlsby et al., 2019), along with its variants, HyperFormer (Karimi Mahabadi et al.,
2021) and Compacter (Mahabadi et al., 2021), add new trainable modules (adapters) to each trans-
former block of the TS model (Raffel et al., 2020). BitFit (Ben Zaken et al., 2022) limits updates
only to the bias parameters, while this method tends to underperform on larger networks (Lialin
et al., 2023). Prefix-tuning (Li & Liang, 2021) adds a soft prompt, parameterized by a feed-forward
network, to the model input. Diff pruning (Guo et al., 2021) learns a sparse update of a neural net-
work’s weights at the cost of more memory usage. FishMask (Sung et al., 2021) also performs sparse
updates, but it is computationally intensive and inefficient on contemporary deep learning hardware
(Lialin et al., 2023). LoRA (Hu et al., 2021; Yang et al., 2024) employs a straightforward low-rank
matrix decomposition to parameterise the weight update. (IA)? (Liu et al., 2022) scales activations
by learned vectors for few-shot learning. LST (Sung et al., 2022b) operates a small transformer
network on the side of the pre-trained network, aiming to decrease the training memory. Prompt
Tuning (PT) (Lester et al., 2021) appends a trainable soft prompt to the model input embeddings. In
comparison to the above-mentioned PEFT approaches, PT uses fewer trainable parameters, which
do not proliferate as the model size expands. Mao et al. (2022) introduces a method that combines
Prefix-tuning, Adapters, and LoRA through a gating mechanism. DEPT is also applicable to this
method and can be easily integrated with other PEFT approaches.

Transfer Learning for PT. Recent works aim to enhance the performance of PT through PETL.
PPT (Gu et al., 2022) strives to improve the performance of PT (Lester et al., 2021) by further
pre-training (Gururangan et al., 2020; Shi et al., 2023), which necessitates a set of hand-crafted,
task-specific designs and considerable computational cost. Su et al. (2022) improves PT via prompt
transfer across different tasks and models. SPoT (Vu et al., 2022) adopts a single prompt, chosen
based on a similarity measure at the cost of a massive search. ATTEMPT (Asai et al., 2022) employs
an attention mechanism over the source prompts to initialize the prompt for target tasks at the cost
of extra parameters. MPT (Wang et al., 2023b) applies a shared soft prompt across different tasks,
while its effectiveness for a broad range of source tasks remains untested. We find that PETL for
PT (Asai et al., 2022; Wang et al., 2023b) can efficiently accelerate training convergence, and that
PETL for PT is more useful for improving the model performance in the few-shot learning setting
for PT (Gu et al., 2022; Wu et al., 2022). However, when extensive labelled datasets are available,
training PT or DEPT for additional steps typically leads to performance improvements.

5 EPILOGUE

Conclusion. In this work, we propose Decomposed Prompt Tuning (DEPT), which substantially
improves the efficiency of the vanilla PT in terms of time and memory while delivering competitive
or even superior performance compared to the state-of-the-art PEFT methods. Remarkably, DEPT
efficiency amplifies with increasing model sizes, making it exceptionally apt for LLMs. Our fur-
ther analysis shows the compatibility of DEPT with PETL approaches and highlights its versatility
across diverse model architectures and scales.

Limitations and Future Work. We outline several limitations in our work: (1) the main limita-
tion of DEPT is the introduction of extra hyperparameters for tuning, e.g., the learning rate of the
low-rank matrices. This might introduce some additional computational overhead during the hy-
perparameter optimization phase of model training. In our work, we train DEPT up to 300k steps
(in a data-rich setting) following (Vu et al., 2022) with a careful search for optimal learning rates,
which may increase training costs. However, the number of training steps might be efficiently re-
duced by PETL, which we plan to investigate in future work. In addition, it is important to note
that the model training process is a one-time event, while model inference is not. In this context, the
efficiency benefits of DEPT become especially valuable; (2) the number of trainable parameters in
DEPT depends on the maximum sequence length s. In this work, we have limited our evaluation to
tasks with hundreds of input tokens. Future work could explore the performance of DEPT when s
is extremely large; and (3) our research focuses on leveraging prompting techniques for LMs, where
previous studies (Bender & Koller, 2020; Brown et al., 2020; Bender et al., 2021) have already
addressed concerns and potential hazards linked to LMs.
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APPENDIX OVERVIEW
The appendix is structured as follows:

Appendix §A provides a visualization of the model performance against the number of trainable
parameters on the GLUE and SuperGLUE benchmarks.

Appendix §B presents the additional experimental results, including using a larger size of lan-
guage models (LLAMA-2 and TB-3B) and testing the impact of different lengths of soft prompts.

Appendix §C provides a brief description of all datasets used in this work.

Appendix §D provides implementation details and hyperparameters for all comparison methods
used in our experiments.

Appendix §E provides further discussion regarding intuitions and related works.

A MODEL PERFORMANCE AGAINST THE PARAMETER-EFFICIENCY

We visualize the experimental results in Table 1, as shown in Figure 6. The visualization shows that
our proposed method DEPT outperforms other PEFT approaches and full fine-tuning baselines on

the GLUE and SuperGLUE benchmark (y-axis) while updating only a small number of trainable
parameters (x-axis).
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Figure 6: The average performance against the number of trainable parameters on the GLUE and
SuperGLUE benchmark using the T5-BASE model.

B ADDITIONAL EXPERIMENTS

LLAMA-2. We evaluate the performance and inference speed of our proposed method DEPT using
LLAMA-2-7B and LLAMA-2-13B (Touvron et al., 2023) on the SST-2 dataset. In our experiment,
the soft prompt length for the vanilla PT is set to [ = 100. For DEPT, we set the soft prompt
length to m = 60 and select a rank of » = 40 for the low-rank matrices. As shown in Table 6,
our experimental results suggest that DEPT not only outperforms the vanilla PT in terms of test
accuracy but also improves the speed of inference. We only limit our evaluation of DEPT to the
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SST-2 dataset due to the high computational expenses. We will do our best to get the necessary
resources to further probe the performance of DEPT, aiming to deliver a more exhaustive evaluation
in future work.

Prompt Tuning DEPT (ours)
Method Test Acc  Inference samples per second Test Acc  Inference samples per second
LLAMA-2-7B 94.48 3.895 94.95 4.857
LLAMA-2-13B 95.99 2.083 96.01 2.835

Table 6: Test results using LLAMA-2-7B and LLAMA-2-13B on the SST-2 dataset.

T5-3B. We evaluate the performance and inference speed of our proposed method DEPT using the
T5-3B model. We report the average performance on the Glue dataset as well as inference speed,
measured in inference samples per second. As shown in Table 7, our findings indicate that DePT
(m=60, r=30) outperforms PT in terms of inference speed by 37%. This suggests the advantage of
DePT increases as the model size increases.

Method Average Glue Performance Inference samples per second
DEPT (m=60, r=30) 86.4 8.9
PT (m=100) 85.6 6.5

Table 7: Test results using T5-3B on the Glue Benchmark.

Different prompt lengths. We have performed additional experiments regarding different prompt
lengths, as shown in the Table below. Specifically, we have increased the size of trainable parameters
in both DEPT and PT by a factor of two. We use the T5-BASE as the backbone. As shown in Table
8, we report the average performance on the Glue dataset as well as inference speed, measured in
inference samples per second. Our findings indicate that DEPT (m=120, r=60) outperforms PT
in terms of inference speed by 34%. We believe that this performance advantage can be further
enhanced by reducing the value of m, which represents the length of the soft prompt. To provide a
concrete example, on the SST-2 dataset, DEPT can achieve an inference speed of 77.2 samples per
second, while PT can only infer 57.4 samples per second. This suggests the advantage of DEPT
over PT increases as the model size increases.

Method Average Glue Performance Inference samples per second
DEPT (m=120, r=60) 86.0 54.8
PT (m=200) 85.2 40.8

Table 8: The impact of using longer soft prompt length. Test results using T5-BASE on the Glue
Benchmark.

C DATASET

In this work, we use 23 popular datasets from previous few-shot learning and PEFT research. We
limit the maximum training data number of Yelp-2 to 100k samples. We train MNLI with longer
steps, 200k steps in total. For the GLUE dataset, we use the HuggingFace dataset’. For the Super
GLUE dataset, we use the HuggingFace dataset’. For MRQA 2019 Shared Task and other datasets,
we use the HuggingFace dataset®.
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GLUE Benchmark
Dataset Source Target #Train #Vvalid #Test Type
MNLI 31.8 1.0 392,702 9,832 9,815 NLI
QQP 24.1 1.0 362,846 1,000 40,431 Paraphrase
QNLI 38.4 1.0 103,743 1,000 5,463 NLI
SST-2 10.4 1.0 66,349 1,000 872  Sentiment
STS-B 21.9 1.0 5,749 750 750  Sent. Similarity
MRPC 459 1.0 3,668 204 204 Paraphrase
RTE 54.4 1.0 2,490 138 139 NLI
CoLA 8.7 1.0 8,551 521 522 Acceptability
SuperGLUE Benchmark
Dataset Source Target #Train #Vvalid #Test Type
MultiRC 286.1 1.0 27,243 2,424 2,424 Question Answering
BoolQ 108.3 1.0 9,427 1,635 1,635 Question Answering
WiC 18.4 1.0 5,428 319 319  Word Sense Disambiguation
WSC 28.1 1.0 554 52 52 Common Sense Reasoning
CB 64.6 1.0 250 28 28 NLI
ReCoRD 210.7 1.5 137,484 1,370 15,176  Common Sense Reasoning
MRQA 2019 Shared Task
Dataset Source Target #Train #Valid #Test Type
NaturalQuestions 242.7 4.5 103,071 1,000 12836  Question Answering
HotpotQA 225.7 2.6 71,928 1,000 5,901  Question Answering
SearchQA 942.8 2.0 116,384 1,000 16,980 Question Answering
NewsQA 615.5 5.1 73,160 1,000 4,212 Question Answering
Other Datasets
Dataset Source  Target #Train #Valid #Test Type
WinoGrande 23.8 1.0 39,398 1,000 1,267 Common Sense Reasoning
YelpPolarity 134.0 1.0 100,000 1,000 38,000 Sentiment
SciTail 30.8 1.0 23,596 652 652 NLI
PAWS 44.7 1.0 4,9401 8,000 8,000 Sent. Similarity

Vision Language Tasks (#Images & #Texts)

113.2K/605.1K  5.0K/26.7K  5.0K/26.3K
113.2K/566.8K  5.0K/5.0K  5.0K/5.0K

Visual Question Answering - -
MS CoCo Caption - -

Question Answering
Caption Generation

Table 9: The datasets evaluated in this work. Source indicates the average length of the source
sentences in the training set. Target indicates the average length of the target sentences in the training
set. STS-B is a real-valued regression task over the interval [0, 5]). Note that we only sample

examples from the original training set in our few-shot experiments.

Hyperparameter

Assignment

number of steps

30,000 steps (evaluate every 1,000 steps)

batch size

16

maximum learning rate ()

3e-1, de-1, 5e-1

maximum learning rate (o)

le-04, Se-4, 1e-03

length of the soft prompt (1m)

20, 40, 60, 80

maximum sequence length 256
learning rate optimizer AdamW
Adam epsilon le-6
Adam beta weights 0.9, 0.98
learning rate scheduler Warmup linear
Weight decay 0.01
Warmup proportion 0.06

Table 10: Hyperparameters for Prompt Tuning and DEPT.

19



Published as a conference paper at ICLR 2024

D IMPLEMENTATION DETAILS

Our code is implemented using Pytorch’, Huggingface Transformers®, and Huggingface PEFT’.
Below, we provide a comprehensive list of the hyperparameters used in our code. In our work, we
mainly cite the experimental results from the previous works Asai et al. (2022); Wang et al. (2023b);
Sung et al. (2022b). In addition, we train LoRA with up to 200k steps. We search the learning rate
within the set {5e-4, le-4, 5¢-5, le-5}. We set the rank as 35. We choose a batch size of 32. We find
that training LoRA on the MRQA dataset presents challenges, despite conducting a thorough search
for optimal learning rates and training steps. The reasons for these difficulties remain uncertain. For
prompt tuning and DEPT, as shown in Table 10, we conduct a grid search for learning rates. For the
soft prompt, we search the learning rate within the set {3e-1, 4e-1, Se-1}. For the low-rank matrice
pairs, we search the learning rate within the set {1e-04, Se-4, 1e-03, 5e-03}. We choose a batch
size of 16. We typically use the max sequence length as 256 except for the SuperGLUE-MultiRC,
where the max sequence length is 348. In each trial, we train the model for 30,000 steps, evaluate
performance every 1,000 steps, and select the best checkpoint based on optimal performance on the
evaluation set. For the large dataset with more than 100,000 training examples, we follow the prior
work (Vu et al., 2022) to train the vanilla PT and our proposed method DEPT with up to 300,000
steps. Training more steps helps improve the performance of the vanilla PT for the large dataset.
The best performance is determined by the relevant evaluation metric. We train the TS5 model from
the original checkpoint rather than the LM-adapted 1.1 version (Lester et al., 2021).

E FURTHER DISCUSSION

Intuition. The intuition of DEPT is that (1) given the same number of trainable parameters, allow-
ing some updates for word embeddings will improve the performance; and (2) a shorter soft prompt
will improve the efficiency. To illustrate, the previous study (Wingate et al., 2022) has shown that
a soft prompt can interpolate between many token embeddings, enabling the representation of more
abstract concepts compared to relying on a single discrete token. However, the soft prompt in the PT
is consistently added at the beginning of the frozen word embedding. In contrast, we propose DEPT,
which decomposes the long soft prompt into a short soft prompt and a pair of low-rank matrices.
This approach can (1) reduce the length of the soft prompt for better efficiency; and (2) permit rep-
resentation updates within the frozen word embedding, thereby increasing the adaptability of input
representations that were previously unavailable.

Related works with similar titles. The meaning of “compose” and the method are fundamentally
different between previous works (Khot et al., 2022; Nayak et al., 2022) and our work. Specifically,
Decomposed Promptin (Khot et al., 2022) focuses on in-context learning, without the need to update
parameters. Decomposed Prompting aligns closely with the work of chain-of-thoughts and self-
consistency. In addition, CSP (Nayak et al., 2022) treats the attributes and objects that are composed
to define classes as learnable tokens within the vocabulary. In contrast, our proposed method DePT
does not train soft prompts associated with any vocabulary token, nor does it add additional tokens
to the vocabulary. The main goal of DePT is to improve the efficiency of Prompt Tuning (PT) due
to the increased input sequence issue.

Comparison between Prompt Tuning (PT) and LoRA. We would like to discuss the comparison
between Prompt Tuning (PT) and LoRA, as our work aims to improve the PT, in the following points:

* Relative Performance of LoRA and PT. When adapting language models (LMs) to spe-
cialised domains, like mathematical reasoning, which requires much different knowledge
than what LLMs have been trained on, LoORA may perform better than Prompt Tuning (PT).
However, in case tasks have already been somewhat understood by LMs and the key chal-
lenge is just to properly prompt the LMs, PT can be the better option. PT modifies minimal

https://huggingface.co/datasets/glue
3https://huggingface.co/datasets/super_glue
4https://huggingface.co/lucadiliello
Shttps://pytorch.org/
6https://github.com/huggingface/transformers
7https://github.com/huggingface/peft
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model parameters, focusing instead on improving the input prompt, which has been proven
more effective than LoRA in prior studies (Asai et al., 2022; Wang et al., 2023b).

 Specific Use Cases for PT. PT offers advantages in particular cases. For example, soft
prompts can be used to compress few-shot examples in the prompt or long context (Cheva-
lier et al., 2023; Wingate et al., 2022). While the number of trainable parameters is low,
LoRA updates the weight matrices across the whole model. In contrast, PT only improves
the input of the LM through the soft prompt, which helps the model focus on understanding
the task and context better rather than learning new knowledge.

e Parameter Efficiency. Unlike LoRA, which requires trainable parameters at each layer,
PT’s trainable parameters are more concentrated and less extensive.

* Parameter-efficient transfer learning (PEFT) Framework. Framework. PETL frame-
work (e.g., Asai et al. (2022); Wang et al. (2023b)) can effectively improve the performance
of the PT and make it easier to use. In our work, we have demonstrated that our approach
is compatible with the PEFT framework.
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