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Abstract

Today’s machine learning (ML) ecosystem suffers from deep fragmentation due to
the proliferation of numerous incompatible frameworks, compiler infrastructure
and hardware. Each unique tool within this fragmented stack has its own set of
benefits and drawbacks, making it better suited for certain use-cases. As a result,
different areas of industry and academia use different tools for different use cases,
which hinders collaboration and democratization, ultimately resulting in costly
re-implementations and sub-optimal runtime efficiency when deploying, due to
sparse and partial connections to the rest of the stack. In this paper, we present Ivy,
a complementary, multi-backend ML framework, and its transpiler, which aims to
bridge this gap and solve the fragmentation problem by enabling the integration
of code from one framework into another to speed up research, development, and
model inference.

1 Introduction

Machine learning (ML) has advanced significantly over the past decade. This has inspired the
developer community to build many open-source tools that accelerate the research, development
and deployment of ML applications. TensorFlow []1], PyTorch [2] and JAX [3]] have emerged
as front-runners for ML, while NumPy [4] is considered the standard framework for numerical
computation.

Different users have diverging preferences based on their use-case. For example, PyTorch is preferred
by many researchers for its ease of use, Pythonic design and dynamic graphs, others prefer TensorFlow
due to its efficiently compiled graphs, superior deployment features, and bindings for edge and mobile
devices, while some prefer JAX due to its fully functional form, superior runtime efficiency on TPUs,
and unmatched flexibility for gradient computation.

Ivy aims to solve this problem by enabling interoperability between these frameworks, making
code portable and reusable. By doing so, Ivy not only democratizes ML, as every tool and model
can now be used by developers using other frameworks, but it also unlocks framework-specific
infrastructure and support for hardware that wasn’t available before, accelerating development,
training and inference of ML models.

Exchange formats [5} |6, |7] have eased fragmentation at the lower levels. For example, ONNX
was established to facilitate cross-framework compatibility by defining a standard set of operators
that can be used across different hardware targets. However, it mainly focuses on core neural
network operations and has limited support for other general array processing functions. Some
frameworks have added the ability to import or export ONNX models, allowing for some level of

Workshop on Advancing Neural Network Training at 37th Conference on Neural Information Processing Systems
(WANT @NeurIPS 2023).



model conversion between frameworks, but it is primarily built for deployment rather than training.
Additionally, framework maintainers must implement their own bindings to ONNX, which they don’t
always fully maintain. In contrast, Ivy proactively binds to all frameworks, without any need for
framework creators to coalesce around our standard.

In this paper, we present the Ivy framework, a set of APIs that enable the development of framework-
agnostic code and serves as an intermediate representation between frameworks, and the Ivy transpiler,
a tool capable of converting code between frameworks.

2 Ivy

The Ivy project is composed of various components that collectively make interoperability of code
between different ML frameworks possible.

2.1 The Ivy framework

The Ivy Framework attempts to provide an interface that enables unified behavior across the target
backends. The framework is composed of three unique APIs plus the backend API, which replicates
the Ivy API with framework-specific implementations (Figure|[I)).
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Figure 1: Dependency graph of the main building
blocks and APIs in the Ivy framework.

Stateful API. Ivy also has a stateful API,
which provides high-level modules and optimizers for rapid prototyping. The stateful API is built on
top of the functional API and is therefore backend-agnostic as well.

Frontend API. Frontend APIs have been implemented for PyTorch, TensorFlow, NumPy, JAX
and PaddlePaddle. The goal of a frontend API is to replicate the behaviour of each function in that
framework’s functional API with an implementation that only uses functions from Ivy’s functional
API. Since Ivy’s functional API can be executed using any of the supported backends, we can
therefore use these frontends to reproduce the original behaviour of a framework, but using any of
the supported backends. This way, Ivy’s functional API acts as an Intermediate Representation (IR)
between frameworks.

2.2 The Ivy transpiler

Code transpilation refers to the process of converting code written in one framework to a different
one or a different version of the source framework. Examples of this procedure would be porting
PyTorch code to JAX for faster execution, converting JAX models to PyTorch in order to integrate
them into existing pipelines or build on top of them, or seamlessly updating versions when breaking
changes occur.

A fundamental part of the transpiler is the graph tracer, which extracts a computational graph of any
array-computing-based function or trainable module. Internally, Ivy’s tracer registers any functional-
API level call that occurs during a given computing procedure alongside relevant information from
that particular function call, mainly, unique identifiers of its inputs and outputs. Once this information
has been recorded, the tracer reconstructs a directed acyclic graph (DAG) recursively, starting from
the output of the top-level system and connecting the inputs and outputs of every function that
contributes mathematically to the computation.



Leveraging the graph tracer and Ivy’s frontends and backends APIs, Ivy enables code conversion in
the transpiler following the process outlined in Figure [2}
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3 Swap

! functions Output
Graph tracer i with Graph tracer Graph

frontends

Figure 2: Overview of the transpilation process and its intermediate stages.
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1. First tracing pass: We call the graph tracer a to generate a fully functional computational
graph that captures the operations of the function/module. The main objective of this step is
to decompose the original system, including its high-level classes, into fundamental building
blocks from the functional API of the source framework.

2. Replacement of the functional-API level nodes and conversion of parameters: Once we have
a fully functional graph of the system, we can leverage Ivy’s frontend APIs and backend
APIs to perform code conversion. As the frontends mirror the signatures of the frameworks’
functional API, we can replace the original functions of the nodes in the captured graph with
their Ivy frontend equivalent. As the frontends are implemented using Ivy’s functional API,
we effectively link the original code to the corresponding functions in any other framework
available in the backends, since we can change the framework used to execute Ivy functions.
During this replacement stage, we also convert cached and non-tracked objects from the
source to the target framework, including constant arrays, native data types or device-classes.

3. Second tracing pass: Although at this stage the graph is fully composed of Ivy functions, and
thus already fully interoperable with the target framework, there is some overhead due to
the functions called in the frontends and the functional API of Ivy. To remove this overhead
entirely and generate an efficient graph of pure operations in the target framework, we trace
the system once again. By doing so, we remove the wrapping layers from Ivy’s frontends
and Ivy’s functional API and extract the underlying functions from the target framework
functional API.

Once the graph has been transpiled, it’s fully composed of functions from the target framework, with
all trainable parameters already converted to the corresponding native objects by Ivy. This ensures
that all operations are differentiable and that native optimizations and tools are instantly available,
regardless of the original framework. As a result, [vy empowers the user to train and fine-tune the
converted models using their preferred framework-specific training loops and infrastructure.

3 Use cases of the transpiler

As previously outlined, Ivy’s transpiler can be used for different purposes. In this section, we will go
over its main value propositions.

3.1 Libraries and tools interoperability

As a direct consequence of the coexistence of different frameworks, different ecosystems of libraries
and tools have been developed around them. This means that developers are often limited to using
the tools already available in their corresponding ecosystem. Ivy can help in two different ways here.
The first one is by transpiling an entire array-based library to a different framework. This way, all
functions contained within the library will be converted to the target framework, which can then
be used as usual. Secondly, Ivy can also enable the user to leverage training tools, pipelines, and
general infrastructure that has been designed for a specific framework models, simply by converting
the model from the user framework to the one required by the library.



Table 1: Latency improvement of a collection of HF models after being transpiled from PyTorch to
JAX when compared to the original model compiled using PyTorch Dynamo with the TorchInductor
backend and different compilation modes.

Model Over Default Over Reduce Overhead Over Max Autotune  Over Best PyTorch Mode
BEIT [9] 1.79 1.18 1.14 1.14
BERT [10] 3.88 1.18 1.17 1.17
BiT [|11] 3.45 1.14 1.11 1.11
CamemBERT [[12] 4.20 1.19 1.18 1.18
ConvNeXt [13] 3.04 1.18 1.08 1.08
CvT [|14] 4.94 1.21 1.17 1.17
DeiT [15] 1.79 1.20 1.12 1.12
DistilBERT [16] 3.83 1.07 1.06 1.06
MobileNet-v2 [17] 9.70 1.89 1.86 1.86
ResNet [|18] 4.03 1.37 1.43 1.37
ViT [19] 1.68 1.14 1.12 1.12
MobileBERT [20] 6.68 0.93 0.98 0.93
RoBERTa [21] 4.22 1.20 1.19 1.19
Roformer [22] 4.94 1.27 1.26 1.26
Swin-v2 [23] 591 3.42 3.88 3.42
Whisper [24] 1.60 1.08 1.01 1.01
BlenderBot [25] 3.08 0.79 0.79 0.79
Wav2vec2 [26] 2.20 1.20 1.14 1.14
CLIP [27] 3.67 0.99 0.98 0.98

A code snippet containing the usual workflow for library transpilation is available in Appendix [5.1]
where we transpile the Kornia library from PyTorch to JAX.

3.2 Integration of trainable modules

Trainable modules, such as specific layers or models, are originally published for one particular
framework. This results in costly reimplementations where details can go unnoticed, hampering the
reproducibility of the results. In this case, Ivy can automatically convert these trainable modules to
accelerate research and bring the latest models to every developer. As the outcome of the transpilation
process in Ivy is composed of functions from the functional API of the target framework, this means
that the output graph (in this case, contained a trainable module in the target framework) is fully
differentiable and can be trained or fine-tunes as if it had been written in the target framework from
scratch.

Appendix [5.2]includes an example where a Haiku module is transpiled to PyTorch and then used as
the backbone for a classifier, showing how this allows the user to bring any module or section of it to
their preferred framework and then build on top of it to obtain a trainable module that mimics the
computational behavior of the original system.

3.3 Training and inference acceleration

The previous subsection showcases how a transpiled module from framework A to B can be integrated
into another model in framework B to accelerate research and the development of new models. How-
ever, the transpilation of a trainable module by itself can also be beneficial in terms of computational
resources. We can transpile a model to leverage optimizations that are only available in certain
compilers or to enable the use of hardware which is not as well supported in the source framework.
As an example of this, we include the results of a set of benchmarks performed on a selected set of
models from the Hugging Face’s Transformers library where we compare the original PyTorch model
and the transpiled version in JAX.

In Table [T} we can see how even after the latest improvements in the PyTorch compiling tools,
which accelerate PyTorch code significantly, the conversion of PyTorch models to JAX still bring
a mean improvement in the execution speed of the model of 1.27x, mainly due to the different
optimizations happening at the XLA level. For this experiment, we average the latency over 100 runs
in a warmed-up NVIDIA V100 GPU. Table2]in Appendix [5.3]includes the measurements used to
calculate the increments.



4 Conclusions

In this paper we have presented Ivy, a multi-backend ML framework, and its transpiler. Through the
transpiler, Ivy allows developers to integrate code from any framework into another, removing the
friction associated with reimplementations and enables the use of any library, tool, or infrastructure
that is better supported in a different frameworks, including specialized compilers and devices.
Consequently, Ivy has the potential to accelerate any kind of ML-related research or development
process, model training, or deployed system.

Moreover, we are currently working on integrating state of the art tools to perform model compression,
quantization and tensorization natively as part of Ivy, as well as specialized low-level optimizations
such as efficient, hardware-specific kernels. Through the combination of these framework-specific
SOTA tools and the various compilation pipelines that transpilation unlocks, we foresee synergies
that will further improve latency and throughput on all kinds of ML models.

References

[1] Martin Abadi et al. TensorFlow: Large-Scale Machine Learning on Heterogeneous Systems.
Software available from tensorflow.org. 2015. URL: https://www.tensorflow.org/.

[2] Adam Paszke et al. “Pytorch: An imperative style, high-performance deep learning library”.
In: Advances in neural information processing systems 32 (2019).

[3] James Bradbury et al. JAX: composable transformations of Python+NumPy programs. Ver-
sion 0.3.13. 2018. URL: http://github.com/google/jax.

[4] Charles R. Harris et al. “Array programming with NumPy”. In: Nature 585.7825 (Sept. 2020),
pp. 357-362. DOI:[10.1038/s41586-020-2649- 2, URL: https://doi.org/10.1038/
s41586-020-2649-2.

[5] Bai, Junjie and Lu, Fang and Zhang, Ke and others. ONNX: Open Neural Network Exchange.
Version 1.14.0. 2023. URL: https://github.com/onnx/onnx.

[6] Apple. Core ML: Integrate machine learning models into your app. https://developer.
apple.com/machine-learning/core-ml/|

[71 Khronos Group. NNEF: Neural Network Exchange Format. Accessed: 2023-05-17. URL:
https://www.khronos.org/nnef|

[8] Data API Standards Consortium. Array API Specification. Accessed: 2023-05-17. 2021. URL:
https://github.com/data-apis/array-apil

[9] Hangbo Bao et al. “BEiT: BERT Pre-Training of Image Transformers”. In: International
Conference on Learning Representations. 2022. URL: https://openreview.net/forum?
id=p-BhZSz5904.

[10] Jacob Devlin et al. “Bert: Pre-training of deep bidirectional transformers for language under-
standing”. In: arXiv preprint arXiv:1810.04805 (2018).

[11] Alexander Kolesnikov et al. “Large Scale Learning of General Visual Representations for
Transfer”. In: ArXiv abs/1912.11370 (2019). URL: https://api.semanticscholar.org/
CorpusID:209460680.

[12] Louis Martin et al. “CamemBERT: a Tasty French Language Model”. In: Proceedings of the
58th Annual Meeting of the Association for Computational Linguistics. Online: Association for
Computational Linguistics, July 2020, pp. 7203-7219. URL: https://www.aclweb.org/
anthology/2020.acl-main.645,

[13] Zhuang Liu et al. “A convnet for the 2020s”. In: Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition. 2022, pp. 11976-11986.

[14] Haiping Wu et al. “Cvt: Introducing convolutions to vision transformers”. In: arXiv preprint
arXiv:2103.15808 (2021).

[15] Hugo Touvron et al. “Training data-efficient image transformers amp; distillation through
attention”. In: International Conference on Machine Learning. Vol. 139. July 2021, pp. 10347—
10357.

[16] Victor Sanh et al. “DistilBERT, a distilled version of BERT: smaller, faster, cheaper and lighter”.
In: ArXiv abs/1910.01108 (2019). URL: https://api.semanticscholar.org/CorpusID:
203626972.


https://www.tensorflow.org/
http://github.com/google/jax
https://doi.org/10.1038/s41586-020-2649-2
https://doi.org/10.1038/s41586-020-2649-2
https://doi.org/10.1038/s41586-020-2649-2
https://github.com/onnx/onnx
https://developer.apple.com/machine-learning/core-ml/
https://developer.apple.com/machine-learning/core-ml/
https://www.khronos.org/nnef
https://github.com/data-apis/array-api
https://openreview.net/forum?id=p-BhZSz59o4
https://openreview.net/forum?id=p-BhZSz59o4
https://api.semanticscholar.org/CorpusID:209460680
https://api.semanticscholar.org/CorpusID:209460680
https://www.aclweb.org/anthology/2020.acl-main.645
https://www.aclweb.org/anthology/2020.acl-main.645
https://api.semanticscholar.org/CorpusID:203626972
https://api.semanticscholar.org/CorpusID:203626972

[17]
[18]
[19]
[20]
[21]

[22]

[23]

[24]
[25]

[26]

[27]

Andrew Howard et al. “Inverted Residuals and Linear Bottlenecks: Mobile Networks for
Classification, Detection and Segmentation”. In: CVPR. 2018.

Kaiming He et al. “Deep residual learning for image recognition”. In: Proceedings of the IEEE
conference on computer vision and pattern recognition. 2016, pp. 770-778.

Alexey Dosovitskiy et al. “An image is worth 16x16 words: Transformers for image recognition
at scale”. In: arXiv preprint arXiv:2010.11929 (2020).

Zhiqing Sun et al. “MobileBERT: a Compact Task-Agnostic BERT for Resource-Limited
Devices”. In: ACL (2020). 2020. URL: https://arxiv.org/abs/2004.02984.

Yinhan Liu et al. “RoBERTa: A Robustly Optimized BERT Pretraining Approach”. In: (2019).
URL: http://arxiv.org/abs/1907.11692,

Jianlin Su et al. “RoFormer: Enhanced Transformer with Rotary Position Embedding”. In:
arXiv e-prints, arXiv:2104.09864 (Apr. 2021), arXiv:2104.09864. DO1: 10 .48550/arXiv |
2104.09864. arXiv:2104.09864 [cs.CL]l

Ze Liu et al. “Swin Transformer V2: Scaling Up Capacity and Resolution”. In: 2022 IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR). 2022, pp. 11999-12009.
DOI:/10.1109/CVPR52688.2022.01170.

Alec Radford et al. Robust Speech Recognition via Large-Scale Weak Supervision. 2022. DOI:
10.48550/ARXIV.2212.04356. URL: https://arxiv.org/abs/2212.04356.

Kurt Shuster et al. BlenderBot 3: a deployed conversational agent that continually learns to
responsibly engage. 2022. arXiv: 2208.03188 [cs.CL].

Alexei Baevski et al. “wav2vec 2.0: A Framework for Self-Supervised Learning of Speech
Representations”. In: CoRR abs/2006.11477 (2020). arXiv: 2006 . 11477, URL: https://
arxiv.org/abs/2006.11477,

Alec Radford et al. “Learning Transferable Visual Models From Natural Language Supervi-
sion”. In: CoRR abs/2103.00020 (2021). arXiv: 2103.00020. URL: https://arxiv.org/
abs/2103.00020.


https://arxiv.org/abs/2004.02984
http://arxiv.org/abs/1907.11692
https://doi.org/10.48550/arXiv.2104.09864
https://doi.org/10.48550/arXiv.2104.09864
https://arxiv.org/abs/2104.09864
https://doi.org/10.1109/CVPR52688.2022.01170
https://doi.org/10.48550/ARXIV.2212.04356
https://arxiv.org/abs/2212.04356
https://arxiv.org/abs/2208.03188
https://arxiv.org/abs/2006.11477
https://arxiv.org/abs/2006.11477
https://arxiv.org/abs/2006.11477
https://arxiv.org/abs/2103.00020
https://arxiv.org/abs/2103.00020
https://arxiv.org/abs/2103.00020

5 Appendices

5.1 Library transpilation

The following code snippet includes an example on how to perform code transpilation using Ivy to
convert the Kornia library, originally written in PyTorch, to JAX.

import ivy

import cv2

import kornia

import tensorflow as tf

# transpile module lazily
kornia = ivy.transpile(kornia, to="tensorflow")

# load image into tensorflow
img = tf.constant(cv2.imread("image.png")) / 255
img = tf.expand_dims(tf.transpose(img, (2, 0, 1)), 0)

# custom composite
def dilate_edges(img):
edges = kornia.filters.canny(img) [1]
return kornia.morphology.dilation(edges, tf.ones(7, 7))

# dilate edges
new_img = dilate_edges(img) # slow, transpiling
new_img = dilate_edges(img) # fast, transpiled

5.2 Model transpilation

In a similar fashion, the following code showcases how to transpile a Haiku model to PyTorch.

import ivy
import jax
import torch

# Get a pretrained haiku model
from deepmind_perceiver_io import key, perceiver_backbone

# Transpile it into a torch.nn.Module with the corresponding parameters
dummy_input = jax.random.uniform(key, shape=(1, 3, 224, 224))
params = perceiver_backbone.init(rng=key, images=dummy_input)
backbone = ivy.transpile(
perceiver_backbone, to="torch", params_v=params, kwargs={"images": dummy_input}

)

# Build a classifier using the transpiled backbone
class PerceiverIOClassifier(torch.nn.Module):
def __init__(self, num_classes=20):

super (PerceiverIOClassifier, self).__init__()
self.backbone = backbone
self .max_pool = torch.nn.MaxPool2d((512, 1))
self.flatten = torch.nn.Flatten()
self.fc = torch.nn.Linear (1024, num_classes)

def forward(self, x):
x = self.backbone (images=x)
x = self.flatten(self.max_pool(x))
return self.fc(x)

# Initialize a trainable, customizable, torch.nn.Module
classifier = PerceiverIOClassifier()
ret = classifier(torch.rand((1, 3, 224, 224)))



5.3 Latency measurements

The following table presents the latency results from the experiment described in Section[3.3] As
stated, these measurements have been used to calculate the increments shown in Table

Table 2: Latency measurements when running a collection of HF models using the default compilation
method in PyTorch Dynamo, PyTorch compilation using the Reduce Overhead and the Max Autotune
options, and the model after being transpiled from PyTorch to JAX. Results are given in milliseconds.

Model Default Dynamo Reduce Overhead Max Autotune JAX
BEIT [9] 10.20+1.14 6.76 £ 0.28 6.48£0.43 5.70+£1.44
BERT [10] 8.70 £0.73 2.61 £0.07 258+0.11 220+ 0.57
BiT [11] 10.03 £ 0.58 3.32+£0.24 3.22+£0.08 291+£0.84
CamemBERT [12] 9.16 £1.11 2.60 £ 0.06 257+0.04 2174+0.54
ConvNeXt [13] 8.00 £ 0.59 3.10+0.14 2.85£0.08 2.63+0.75
CvT [14] 19.52 +0.93 4.78 £0.46 4.61+£047  3.95£0.69
DeiT [15] 10.18 £ 1.26 6.82 £0.43 6.37£0.24  5.68£1.42
DistilBERT [[16] 4.53 £0.54 1.27 +£0.05 1.244+0.04 1.184+0.28
MobileNet-v2 [[17] 9.61 £0.97 1.88 £0.20 1.83£0.08 0.99+0.10
ResNet [|18] 9.74+0.79 3.30£0.16 3.44+£085 241+£0.74
ViT [19] 9.54 £1.18 6.51 £0.12 6.36 £0.39  5.68 £1.49
MobileBERT [20] 34.57 £ 3.84 4.84 £0.11 5.07+£0.66 5.17+0.68
RoBERTa [21] 9.24 £0.82 2.63 £0.08 260£0.06 2.18+0.55
Roformer [22] 10.89 £ 0.70 2.80 £0.34 276 £0.07r 2.20%+0.73
Swin-v2 [23] 22.00 £1.05 12.72 £0.95 14.45+£1.24 3.72£0.98
Whisper [24] 10.95 + 1.05 7.36 £0.25 6.89+0.13 6.84£1.63
BlenderBot [25] 21.47£0.72 5.47+£0.12 548 +£0.18  6.96 +1.38
Wav2vec2 [26] 1.16 £ 1.12 6.32 £0.29 6.01 £0.03 5.24+4.26
CLIP [27] 20.70 £1.67 5.40 £0.18 5.35+£0.92 546 +0.97
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