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Abstract

This paper presents a detailed reproduction study of the TIES-MERGING model merging
technique, as introduced by Yadav et al. (2023). Our objective is to replicate the primary
findings of the original research, highlighting the efficacy of TIES-MERGING over baseline
models across various scenarios, including different modalities and an increased number of
tasks. Through our efforts, we aim to validate these findings, assess the optimal task quan-
tity for peak single-task model performance, and evaluate the effectiveness of employing
a top-k selection process while trimming. Utilizing the codebase provided by the original
authors with necessary modifications, we incorporate additional scripts for data preparation
and integrate code from Yu et al. (2023) for comparison against other merging algorithms.
Despite encountering some challenges, such as missing components in the provided GitHub
code and a lack of responsiveness from the original authors, our results largely corrobo-
rate the claims made by Yadav et al., showing a slight deviation in performance metrics.
By conducting experiments under restricted settings, this paper demonstrates that TIES-
MERGING operates effectively according to our reproduction efforts, affirming its potential
in model merging applications.

1 Reproducibility Summary

Scope of Reproducibility - We examine the main result in [Yadav et al.| (2023]). Through reproduction of
the methods introduced in this paper, we verify the favorable performance of TIES-MERGING compared to
the baseline models in different modalities, as well as its greater stability in terms of increased task number.
We extend from the results in this original paper and validate the number of tasks best fit for the performance
of single task models. Lastly, we assess the effectiveness of employing top-k selection.

Methodology - We leverage the existing code foundation with necessary modifications and add scripts
for data preparation, integrating the code from [Yu et al.| (2023]) for implementing other model merging
algorithms. Minor adjustments are made due to library version discrepancies. Our code is available at
github repo.

Results - We followed the methodology of the original paper and were able to achieve results that were, on
average, about 1.5%p lower compared to the paper, with a standard deviation of 3.69%p, confirming that
TIES-MERGING is coherent to the main claim.

What was easy - The original paper provided comprehensive details on the methodology, simplifying the
reproduction process. Moreover, the author made much of the code available on GitHub and clearly listed
the external libraries employed, which facilitated a smoother replication effort.

What was difficult - There were many missing parts in the GitHub code provided in the original paper.
Among them, the T5 model did not come with the weight files, requiring us to fine-tune it ourselves.
Additionally, merging methods such as Regmean and Fisher merging were not included in the code, so we
had to source from other libraries or code these parts ourselves. There was no detailed explanation for some
of the Hugging Face weight files used in the Bert experiments, making it impossible to know which files
were used. Furthermore, among the models used in the experiments, the ViT required the implementation
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of TIES MERGING codes in a different GitHub repository since it was not supported in the original code,
and similar issues were encountered with Bert, making reproduction challenging.

Communication with original authors - We sent four emails to the authors, seeking clarification and
further details on the methodologies and models employed in their experiments. Our inquiries were covering
aspects that were either not fully explained in the publication or required additional insight to accurately
replicate their work. Despite our efforts to establish a dialogue and better understand their research for
accurate reproduction, we did not receive any responses from them.

2 Introduction

The emergence of pre-trained models (PTMs) has significantly revolutionized machine learning, offering
flexible solutions for numerous tasks through the utilization of vast and diverse datasets (Zhuang et al.,
2020). Building on the foundational work of pioneering researchers, the prevalent method involves fine-
tuning these models for specific applications, thus improving performance with reduced dependence on
extensive labeled data (Shnarch et al.| [2022). However, despite their widespread success, the approach of
fine-tuning individual models for distinct tasks encounters obstacles such as computational burdens and
limited generalization capabilities.

In response to such impediment, recent research has increasingly explored model merging, an innovative
technique that integrates two or more models into a single unified model (Li et al., 2023|). This emerging and
experimental approach provides a cost-effective way to develop new models, avoiding the over-exhaustion of
graphics processing unit (GPU) resources. The application of model merging has shown significant impact
on its effectiveness in the field.

In our target paper (Yadav et al.||2023)),the authors introduce TIES-MERGING, a model-merging technique
that implements TRIM, ELECT SIGN, and MERGE operations. This approach is specifically designed
to mitigate the types of interference mentioned earlier before executing the merging process. Specifically,
the merging method utilizes task vectors 7, which is 6, — finit, to encapsulate the directional adjustments
required for each task ¢ in the parameter space. The merging consists of three stages:

1. Trimming of the task vector 7 to 7; by keeping the most significant k parameters.
2. Electing a dominant direction -, based on the aggregate movement of all tasks.
3. Disjoint Merging to average parameters 6, that align with ~,,.

The final model parameters 6, are given by 6, = 0;nit + A - 7. Where A is a scaling factor. Notably, the
TIES-MERGING technique has demonstrated superior performance over various established methods across
a multitude of scenarios, encompassing different modalities, domains, number of tasks, model dimensions,
architectures, and fine-tuning configurations. In our work, we reproduce the principal findings from the
original work, and we expand upon this by conducting additional experiments to ascertain the practicality
of the proposed methodology. Even with minor variations observed, our results substantiate the efficacy of
TIES-MERGING introduced by the original authors.

3 Scope of Reproducibility

From this paper, we aim to verify the following claims:
Claim 1. TIES-MERGING demonstrates favorable performance compared to baseline model merging meth-
ods in different fine-tuning settings for several modalities including NLP and vision.

Claim 2. TIES-MERGING shows greater stability in overall performance as the number of merged tasks
increases.

Claim 3. The optimized number of merged tasks varies among single task models, while generally depicting
preference for smaller number of tasks.
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Claim 4. Selection of top-k values during the trimming phase tends to outperform models resulted from
random-k selection.

Claim 1 establishes the performance of TTES-MERGING through comparison with the baseline models from
Yadav et al.| (2023) in different T5 and ViT settings, with or without the validation set. For Claim 2, we
specifically explore the drop in performance as the number of merged task increases in different merging
models. Claim 3 is an extension from the original results of [Yadav et al. (2023) and aims to discover whether
there would be a specific number of tasks that would optimize the performance for different single-task
models. Finally, we verify the efficacy of using the top-k selection for trimming task vectors in Claim 4.

These claims are the primary components among the results and analyses discussed in [Yadav et al.| (2023)),
for they a. indicate that the reproduced performance of the TIES-MERGING model on average ranks high
in different settings and modalities, b. pinpoint essential components the current method they encompass,
and c. substantiate the claim from the original paper regarding the increased significance of this model as
the number of tasks grows.

The validation of the above hypotheses confirms the generalizability of TIES-MERGING between different
modalities. Extending from Claim 1, we also identify the performance change in the model in terms of
parameter size through performance evaluation on merging large language model (LLM) structures.

4 Methodology

We reproduce the results of [Yadav et al.| (2023)) utilizing the source code made by the author. For merging
techniques absent from the provided GitHub repository, we incorporate implementations from [Yu et al.
(2023). The experimental setup, encompassing both datasets and hyperparameters, is carefully arranged to
reflect the specifications described in the initial study.

4.1 Model merging algorithms

We include all the merging techniques described in [Yadav et al. (2023)) and conduct experiments in two
distinct scenarios: one with a validation set and one without. In the scenario without a validation set,
the techniques include simple averaging (Wortsman et al.| [2022), Task Arithmetic (I[lharco et all 2022),
and TTES-MERGING, with lambda values set at 0.4 for Task Arithmetic and 1.0 for TIES-MERGING,
as specified in the original paper. In scenarios where a validation set is used, we include Fisher Merging
(Matena & Raffell 2022)), RegMean (Jin et al., |2022)), Task Arithmetic, and TIES-MERGING. Notably, for
Task Arithmetic and TIES-MERGING, the approaches involve selecting the optimal lambda values based
on their performance in the validation set, before assessing their performance on the test set.

4.2 Model descriptions

We conduct our experiments using the T5-base, T5-large (Raffel et al., [2020)), ViT-B/32, ViT-L/14 (Doso-
vitskiy et all 2020), and IA3 model (Liu et al., [2022) as outlined in the target paper. The T5 models
transform NLP tasks into a unified text-to-text format, leveraging the Transformer architecture for a variety
of tasks. The Vision Transformer (ViT) applies Transformer principles to computer vision, analyzing images
as sequences of patches for advanced image classification. The TA3 model employs specialized techniques for
optimizing models like T0-3B (Sanh et al., |2021)) for specific tasks, showcasing the diverse applications and
evolution of Transformer-based models in both the NLP and computer vision domains.

4.3 Datasets

We utilize the dataset as outlined in the original paper. Furthermore, when labels were absent in the test set,
we repurposed a portion of the validation set as the test set. Specifically, for the IA3 model, we employ a total
of 11 datasets. These include datasets from sentence completion (COPA (Roemmele et al., 2011), H-SWAG
(Zellers et al., [2019), and Story Cloze (Sharma et all 2018)), natural language inference (ANLI-1,2,3 (Nie
et al.l 2019)), CB (De Marneffe et all [2019), and RTE (Dagan et al.l 2005)), coreference resolution (WSC
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Method Val | T5-base | T5-large IA3 ViT-B/32 | ViT-L/14
Zeroshot 47.4(-6.1) | 51.4(-0.3) | 53.1(-2.2) - -
Fine-Tuned T | 77.6(:5.2) | 87.1(-1.7) | 71.4(0.0) | 91.7(1.2) | 95.0(0.8)
Averaging 62.4(-3.5) | 58.0(-1.6) | 57.9(-0.1) | 65.9(0.1) 79.7(0.1)
Task Arithmetic | x | 68.3(-5.6) | 62.2(-11.3) | 59.1(-0.1) | 60.6(0.2) | 83.7(0.4)
TIES-MERGING 70.9(1.2) | 66.0(-8.4) | 64.8(-0.1) | 72.8(0.4) | 86.5(0.5)
Fisher 62.8(-6.1) | 58.6(-6.0) | 60.0(-2.2) | 70.0(1.7) | 78.58(-3.6)
RegMean 70.6(-0.6) | 73.1(-0.1) | 57.9(-0.1) | 80.1(8.3) 88.5(4.8)
Task Arithmetic | © | 68.3(-4.9) | 64.1(-9.2) | 64.0(0.1) | 69.0(-1.1) | 84.8(0.3)
TIES-MERGING 72.7(-1.2) | 69.1(-7.8) | 66.4(0.0) | 73.7(0.1) | 86.5(0.5)

Table 1: [RE] Evaluating Various Model Merging Techniques in a range of fine-tuning contexts and
across different modalities (NLP and Vision), taking into account scenarios with and without the availability
of a validation set. Here, Val denotes the utilization of a validation set. The numbers in parentheses indicate
the difference from the results of the original paper.

(Levesque et all [2012) and Winogrande (Sakaguchi et al.| [2021)), and word sense disambiguation (WiC
(Pilehvar & Camacho-Collados| [2018)). For the T5 models, a total of 7 datasets are used, incorporating
Story Cloze, Winogrande, and WSC, along with additional datasets from paraphrase identification (PAWS
(Zhang et al., [2019)), and question answering (QASC (Khot et al., [2020), WikiQA (Yang et al., 2015)), and
QuaRTz (Tafjord et al., [2019))). In the case of the ViT models, a total of 8 image classification datasets are
included, featuring datasets from Cars (Krause et al.,|2013),GTSRB (Stallkamp et al.|[2011)), DTD (Cimpoi
et al., [2014), EuroSAT (Helber et all 2019), MNIST (LeCun et all 2010), RESISC45 (Cheng et al.l 2017)),
and SUN397 (Xiao et al., [2016]).

4.4 Experimental setup

We conducted our experiments using A6000 and A100-SXM GPUs, and during the experimental process,
for datasets without labels in the test set, we followed the Original paper’s code and used the remainder of
the validation set as the test set, excluding 32 samples.

5 Results

5.1 Results reproducing original paper

Result 1 - We replicate the primary experiment to evaluate how well TIES-MERGING, as described in
Yadav et al.| (2023)), performs across different types, such as text and vision, and various fine-tuning methods.
We conduct the experiments using the same settings as those presented in Table 1 of the original paper. For
these experiments, we assess the performance of the model merging algorithms, as described in Section [4.1
employing T5-base, T5-large, ViT-B/32, ViT-L/14, and TA3. The datasets utilized in these experiments are
derived from those mentioned in Section Furthermore, in alignment with the methodology outlined in
Yadav et al.|(2023), experiments are performed for each method to evaluate their performance in scenarios
both with and without the availability of a validation set.

In our reproduced experiments, TIES-MERGING consistently shows superior performance or generally fa-
vorable outcomes compared to other merging strategies across various evaluation settings. In comparing our
experimental outcomes with those reported in [Yadav et al|(2023). we observe an overall average difference
of approximately -1.59%. Furthermore, the median difference is -0.1%, accompanied by a standard deviation
of 3.69%.

Result 2 - Our reproducibility examines the scalability of TIES-MERGING in handling an increasing
number of tasks and its ability to generalize across diverse task sets. Because of the resource constraints, we
conducted experiments on Th-base and T5-large models.
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The results, as depicted in Figure [1] reveal a distinct superiority in performance of TIES-MERGING com-
pared to other task integration techniques such as Task Vector and Simple Averaging when faced with
a growing number of tasks. Figure a) demonstrates the outcomes for the T5-base model, with TTES-
MERGING maintaining relatively stable performance. In contrast, the Simple Averaging method suffers
a more significant performance decline, highlighting its limitations in managing increasing task complex-
ity. Figure b) presents findings from the T5-large model, illustrating that TTES-MERGING surpasses
alternative methods in performance as more tasks are integrated. Notably, the Simple Averaging approach
lags significantly in performance. The empirical evidence, as argued in the original paper, suggests that
TIES-MERGING is robust in the face of a growing number of tasks.
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Figure 1: [RE] TIES-MERGING Scales Better: This result measures average performance with the
integration of varying numbers of tasks. The left figure presents the outcomes of experiments conducted with
the T5-base model, whereas the right figure delineates the results from the T5-large model. As demonstrated

in Yadav et al.|(2023)), it is observed that TIES-MERGING exhibits the best performance as the number of
merged models increases.

5.2 Results beyond original paper
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Figure 2: Comparison with single task models: The presented findings denote a comparative analysis
between single-task models of PAWS, QASC, and QuaRTz, and the corresponding merged models. The
experimental outcomes for the T5H-base model are depicted on the left, while the results for the T5-large

model are illustrated on the right. Generally, there is an observable trend of performance degradation with
a varying number of models engaged in the merging process.

Result 3 - In this section, we evaluate the performance disparity between models individually trained
on specific tasks and those integrated via TIES-MERGING. Observations in section reveal that TIES-



Under review as submission to TMLR

MERGING outperforms methodologies in model merging. Nonetheless, the extent of performance gap
between merged models and those trained on each single task remains a pivotal consideration for their
applicability in real-world scenarios. To this end, our analysis extends to a comparative assessment of
merged models against single-task models, progressively increasing the number of tasks incorporated into
the model merging.

Due to resource constraints, we conduct comparative analysis with single task models for PAWS, QASC, and
QuaRTz, based on the T5-base and T5-large models. In each experiment for PAWS, QASC, and QuaRTz,
the sequences for merging other models are as follows.

e PAWS, QASC, QuaRTz, WikiQA, Winogrande, Story Cloze, WSC
e« QASC, PAWS, QuaRTz, WikiQA, Winogrande, Story Cloze, WSC
o QuaRTz, QASC, PAWS, WikiQA, Winogrande, Story Cloze, WSC

The experimental findings, as illustrated in Figure [2] show that there is a decrease in performance with
the increase in the number of task models involved in the merging process. In the results of the T5h-large
model (Figure [2| (b)), we can observe that merging two models can achieve better performance for QASC
and QuaRTz compared to single task models. This indicates the importance of carefully selecting which task
models to integrate for each specific task. Furthermore, from the results of the T5-base and T5-large models,
it can be observed that the performance of the merged models significantly declines after merging more than
two or three models. These experimental results suggest that merging a smaller, appropriate number of
models may be more advantageous for overall performance than attempting to cover multiple tasks.

Result 4 - In this analysis, we investigate the efficacy of extracting the top-k parameters based on their
magnitude during the Trimming phase within the TIES-MERGING. The extraction of these top-k largest-
magnitude parameters, the process advances to the Electing phase. Nonetheless, the influence of these
selected top-k parameters on the overall approach lead us to raise questions about their actual efficacy.
Therefore, to evaluate the significance of the top-k values, we executed the TIES-MERGING algorithm
by randomly selecting k parameters during the trimming phase, enabling a comparative assessment of its
impact. For the experimental setup, we refer to section B.2 of the original paper and conduct experiments
using the T5-Base model, selecting k in the range of 10 to 100%.

From the Figure[3] The comparison between selecting the top-k and random-k parameters during the Trim-
ming phase of TIES-MERGING reveals a noticeable trend. Generally, the top-k selection exhibits a superior
performance over the random-k selection. This performance advantage is most apparent when k is smaller,
suggesting that the top parameters by magnitude contribute more significantly to the model’s effective-
ness. As k increases, the performance gap narrows, indicating a diminishing return on the prioritization of
parameters solely based on their magnitude.

6 Discussion

Our study highlights the effectiveness of the TIES-MERGING, initially introduced by [Yadav et al.| (2023)). By
replicating original experiments, we demonstrate its versatility and robustness not only in text and vision
modalities but also with various fine-tuning strategies. Our further analysis reveals TIES-MERGING’s
exceptional scalability with T5h-base and T5-large models, maintaining stable performance even as task
complexity increases. This contrasts with other task integration techniques, underscoring its potential for
integrating diverse task sets seamlessly.

We also explore the impact of merging strategies on performance, finding that while merging numerous
tasks can reduce performance, selectively combining tasks can enhance it. This indicates the importance
of strategic task combination and suggests a limit to the number of tasks that can be effectively merged.
Additionally, we discover that selecting the top-k parameters significantly outperforms random selection,
especially for smaller k values, highlighting the importance of key parameters in model effectiveness.

In conclusion, TIES-MERGING emerges as a potent model merging methodology for a range of tasks and
settings, promising to advance research and application development in the evolving field of machine learning.
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Figure 3: Comparison between Top-k and Random-k£: The results when selecting values through either
the Top-k or randomly choosing k values (Random-k) during the Trimming phase of TTES-MERGING.
Generally, for the T5-base model, it is observed that Top-k tends to outperform Random-k in terms of
performance.
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A More Results

Method Val | Avg | PAWS | QASC | QUARTZ | STORY CLOZE | WIKI-QA | WINOGRANDE | WSC
Zeroshot 47.4 50.2 37.8 51.9 47.5 34.6 50.1 59.7
Fine-Tuned ) 77.6 91.4 95.3 77.6 81.3 95.2 50.7 51.4
Averaging 62.4 55.9 80.9 57.5 48.7 91.5 50.9 51.4
Task Arithmetic x | 68.3 60.6 85.6 63.5 71.7 93.6 50.9 52.1
TIES-MERGING 70.9 74.6 90.6 64.3 69.1 91.0 51.6 54.9
Fisher 62.8 57.6 91.7 57.7 56.0 73.7 50.9 52.1
RegMean 70.6 74.1 87.6 67.1 70.7 94.7 51.9 47.9
Task Arithmetic ° | 683 60.6 85.6 63.5 71.7 93.6 50.9 52.1
TIES-MERGING 72.7 82.3 87.4 68.1 75.0 91.5 52.1 52.8

Table 2: Performance of the T5-base model tested on 8 NLP datasets

Method Val | Avg | PAWS | QASC | QUARTZ | STORY CLOZE | WIKI-QA | WINOGRANDE | WSC
Zeroshot 51.4 49.6 21.5 51.1 54.0 70.8 49.2 63.9
Fine-Tuned ) 87.1 94.2 95.4 85.0 90.3 95.7 70.0 79.2
Averaging 58.0 54.3 59.1 67.6 53.8 60.8 50.5 59.7
Task Arithmetic X 62.2 62.5 88.3 734 78.5 24.1 57.2 51.4
TIES-MERGING 66.0 66.7 87.4 73.9 79.2 46.5 60.2 47.9
Fisher 58.6 48.2 41.6 58.6 87.9 67.5 49.7 56.9
RegMean 73.1 87.0 62.1 80.3 80.3 84.8 55.3 61.8
Task Arithmetic © 64.1 67.4 87.7 71.8 79.9 27.2 59.3 55.5
TIES-MERGING 69.1 75.4 78.0 63.0 84.5 60.2 64.2 58.3

Table 3: Performance of the T5-large model tested on 8 NLP datasets

Method Val | Avg | RTE | CB | WINOGRANDE | WIC | WSC | COPA | H-SWAG | STORY CLOZE | ANLI-R1 | ANLI-R2 | ANLI-R3
Zeroshot 53.1 | 58.4 | 54.2 50.9 51.9 63.9 75.0 39.0 86.5 35.8 34.3 34.3
Fine-Tuned ° 71.42 | 824 | 958 75.4 71.6 66.0 85.3 44.4 95.0 70.3 46.5 53.0
Averaging 57.9 81.4 | 58.3 53.9 55.1 52.8 80.9 40.1 92.4 43.1 39.3 40.1
Task Arithmetic x 59.1 76.5 | 79.2 57.6 52.0 49.3 67.6 314 81.3 60.1 474 47.9
TIES-MERGING 64.8 81.4 | 87.5 61.1 59.5 57.6 80.2 42.6 91.1 58.0 46.5 47.2
Fisher 60.0 | 81.0 | 75.0 53.7 52.3 62.5 80.9 40.1 92.9 43.7 38.9 39.4
RegMean 57.9 81.4 | 58.3 53.9 55.1 52.8 80.9 40.1 92.4 43.1 39.3 40.1
Task Arithmetic ° 64.0 74.1 | 83.3 62.9 49.0 49.3 88.2 41.5 95.3 60.8 49.3 50.2
TIES-MERGING 664 | 78.0 | 83.3 67.9 57.6 59.0 81.7 42.7 90.2 66.9 51.4 51.2

Table 4: Performance of the IA3 T0-3B model tested on 11 NLP datasets
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Method Val | Avg | SUN397 | Cars | RESISC45 | EuroSAT | SVHN | GTSRB | MNIST | DTD
Individual - 91.65 75.29 77.68 96.11 99.74 97.46 98.73 99.69 88.48
Averaging 65.94 65.25 63.34 71.46 71.19 64.16 52.79 87.46 51.86
Task Arithmetic x | 60.62 36.71 41.04 53.79 64.70 80.62 66.05 98.12 43.91
TIES-MERGING 72.83 59.75 58.61 70.67 79.78 86.20 72.11 98.30 57.21
Fisher 70.01 65.06 68.86 77.16 70.41 72.48 60.31 97.48 48.32
RegMean 80.10 67.86 66.70 82.71 93.15 86.42 82.03 97.26 64.73
Task Arithmetic © 69.01 55.26 54.94 66.68 76.11 80.21 69.65 97.34 51.89
TIES-MERGING 73.69 62.79 61.22 72.90 79.22 84.88 72.17 97.95 58.35
Table 5: Performance of the ViT-B/32 model tested on 8 image classification datasets
Method Val | Avg | SUN397 | Cars | RESISC45 | EuroSAT | SVHN | GTSRB | MNIST | DTD
Individual - 95.03 82.32 92.39 97.37 99.89 98.11 99.24 99.69 91.20
Averaging 79.69 72.14 81.56 82.60 91.30 78.23 70.65 97.01 64.02
Task Arithmetic X 83.70 72.51 79.21 84.54 90.11 89.24 86.52 99.10 68.35
TIES-MERGING 86.54 76.51 84.95 89.35 94.56 90.34 83.33 99.03 74.23
Fisher 78.53 70.10 82.13 79.56 98.85 82.59 56.44 99.15 59.41
RegMean 88.47 74.43 87.09 90.48 97.96 92.67 91.27 99.23 74.63
Task Arithmetic © | 84.80 74.13 82.13 86.65 92.48 87.91 86.78 98.94 69.41
TIES-MERGING 86.51 76.04 84.44 89.00 94.59 90.90 83.76 99.09 74.26

Table 6: Performance of the ViT-L/14 model tested on 8 image classification datasets
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