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Feeding the Beast
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Fig. 1: Data Loading

Figure: Dr. Thomas Wollmann: Squirrel - Efficient Data Loading for Large-Scale Deep Learning

https://www.youtube.com/watch?v=pZPbi4EmqEo&t=1464s
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GPU Stall
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Fig. 2: GPU stalls - bad! Fig. 3: GPU highly utilized - good!

Problem: Low GPU utilization leads to 
longer training times and high cost!
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Data Pipelines
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“DNNs spend up to 65% of the epoch time in data pre-processing, 
primarily on redundant decoding”

Mohan, Jayashree, et al. "Analyzing and mitigating data stalls in DNN training" 2020

https://dl.acm.org/doi/10.14778/3446095.3446100
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Implementing Data Pipelines
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Worker Processes 
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Implementing Data Pipelines
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Implementation - Multi-Process
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Problem: workers might not be fast enough to 
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Worker Processes with Squirrel 
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Squirrel
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● Speed: Avoid GPU stall
● Cost: Reduced GPU time and less IO cost through loading in bundles
● Flexibility: Customizable data schemes
● Collaboration: Enables sharing of data and versioning

pip install squirrel-core 
squirrel-core-datasets
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Core Components

12Figure: Dr. Thomas Wollmann: Squirrel - Efficient Data Loading for Large-Scale Deep Learning

https://www.youtube.com/watch?v=pZPbi4EmqEo&t=1464s
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A) IterStream API
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from squirrel.iterstream import IterableSource

from squirrel.iterstream.base import Composable

it = (

   IterableSource(range(2000))  # your data source

   .shuffle(1000)

   .filter(lambda x: x % 2 == 0)

   .map(lambda x: x * 2)

   .async_map(lambda x: x**2, max_workers=100)

   .batched(100)

)

for data in it:

   assert len(data) == 100  # we get batches of 100

# Composable provides more stream manipulation

assert issubclass(IterableSource, Composable)

● Basic stream manipulation 
○ .shuffle()
○ .filter()
○ .map()
○ .batched()

● More stream manipulation
○ .async_map()
○ .dask_map()
○ .loop()
○ .monitor()
○ … 
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B) Driver
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from squirrel.driver.driver import Driver, IterDriver, MapDriver

# Drivers of type MapDriver (implements .get(), .keys())

from squirrel.driver.msgpack import MessagepackDriver

from squirrel.driver.zarr import ZarrDriver

from squirrel.driver.jsonl import JsonlDriver

# Drivers of type FileDriver (implements .open())

from squirrel.driver.file_driver import FileDriver

from squirrel.driver.csv_driver import CsvDriver

● Driver is the abstract base class
● IterDriver(Driver) implements .get_iter()
● MapDriver(IterDriver) implements .get(), .keys()

● Easily extensible to e.g. multi-modal data
● More drivers are added as we speak!
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Dataloading Landscape
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Drivers of Squirrel-Datasets-Core
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   from squirrel_datasets_core.driver import HubDriver, HuggingfaceDriver, TorchvisionDriver, DeeplakeDriver

   it_hub = HubDriver("hub://activeloop/cifar10-train").get_iter()

   it_dl = DeeplakeDriver("hub://activeloop/cifar10-train").get_iter()

   it_hf = HuggingfaceDriver("cifar10").get_iter("train")

   it_th = TorchvisionDriver("cifar10", download=True).get_iter()

   print(next(iter(it_hub)))

   # {'images': Tensor(key='images', index=Index([0])), 'labels': Tensor(key='labels', index=Index([0]))}

   print(next(iter(it_dl)))

   # {'images': Tensor(key='images', index=Index([0])), 'labels': Tensor(key='labels', index=Index([0]))}

   print(next(iter(it_hf)))

   # {'img': <PIL.PngImagePlugin.PngImageFile image mode=RGB size=32x32 at 0x14401F970>, 'label': 0}

   print(next(iter(it_th)))

   # (<PIL.Image.Image image mode=RGB size=32x32 at 0x143FD9C40>, 6)
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   from squirrel.catalog import Catalog, Source

   url = "gs://project/cifar10_squirrel"

   cat_file = "catalog.yaml"

   source_key = "train"

   cat_source = Source(

       driver_name=MessagepackDriver.name,

       driver_kwargs={"url": url},

       metadata={

           "author": "Alexander Koenig",

           "license": "Only internal use!",

       },

   )

   cat = Catalog()

   cat[source_key] = cat_source

   Catalog.to_file(cat, cat_file)

!YamlCatalog

version: 0.16.0

sources:

- !YamlSource

 identifier: train

 driver_name: messagepack

 driver_kwargs:

   url: gs://project/cifar10_squirrel

 version: 1

 metadata:

   author: Alexander Koenig

   license: Only internal use!

catalog.yaml
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Sharing Catalogs
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Developer Research TeamDeveloper Merantix 
Research Team

!YamlCatalog

version: 0.16.0

sources:

- !YamlSource

 identifier: train

 driver_name: messagepack

 driver_kwargs:

   url: gs://project/cifar10_squirrel

 version: 1

 metadata:

   author: Alexander Koenig

   license: Only internal use!

catalog.yaml

Cloud Infrastructure /
Data Mesh

Remote 
File Storage

Remote 
File Storage

Remote 
File Storage

…

Idea: instead of passing datasets around, pass versioned configurations 
of data loaders that load from a decentralized data mesh 
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Sharing Datasets
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AI4Science Workshop Paper at ICML, 2022

https://arxiv.org/abs/2206.14092
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- Takeaway: Squirrel is en-par with the fastest framework for images and fastest for text 
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Benchmarks (2/3) – Remote Loading
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- Takeaway: Squirrel offers remote loading and outperforms competitors by a large margin
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Worker Processes with Squirrel 
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Worker Processes with Squirrel and DALI 
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Benchmarks (3/3) – Data Augmentations

25

- Takeaway: Squirrel is usable as a backend for the highly-optimized NVIDIA DALI library that runs 
heavy run-time augmentations on GPU with almost no performance decrease
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Ofeidis, Iason, Diego Kiedanski, and Leandros 
Tassiulas. "An Overview of the Data-Loader 
Landscape: Comparative Performance Analysis." 
arXiv preprint arXiv:2209.13705 (2022).

Hambardzumyan, Sasun, et al. "Deep Lake: a 
Lakehouse for Deep Learning." arXiv preprint 
arXiv:2209.10785 (2022).

https://arxiv.org/abs/2209.13705
https://arxiv.org/abs/2209.13705
https://arxiv.org/abs/2209.10785
https://arxiv.org/abs/2209.10785
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train_data/

  images/

    image_01.jpg

    image_02.jpg

  seg_masks/

    seg_mask_01.png

    seg_mask_02.png

import typing as t

import torch.utils.data as tud

class MyIterableDataset(tud.IterableDataset):

   def __iter__(self) -> t.Iterator:

       return iter([...])

ds = MyIterableDataset()

loader = tud.DataLoader(ds)

for item in loader:

   # ... train step

import torch.utils.data as tud

from squirrel.driver.msgpack import MessagepackDriver

url = "gs://my-project-data/train_data"

it = MessagepackDriver(url).get_iter().to_torch_iterable()

loader = tud.DataLoader(it)

for item in loader:

   # ... train step   

Native PyTorch Squirrel & Pytorch

● more speed
● native remote loading
● expressive API

train_data/

  shard_1.gz

  shard_2.gz

  shard_3.gz

  shard_3.gz
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- Squirrel is an open-source data loading tool 
- USPs

- Speed: Avoid GPU stall
- Cost: Reduced GPU time and less IO cost through loading in bundles
- Flexibility: Customizable data schemes
- Collaboration: Enables sharing of data and versioning

pip install 
squirrel-core

pip install 
squirrel-core-datasets


