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Will we run out of data? An analysis of the limits
of scaling datasets in Machine Learning

Pablo Villalobos*, Jaime Sevilla*', Lennart Heim*$, Tamay Besiroglu*i, Marius Hobbhahn *Y, Anson Ho*

Abstract—We analyze the growth of dataset sizes used in
machine learning for natural language processing and computer
vision, and extrapolate these using two methods; using the histor-
ical growth rate and estimating the compute-optimal dataset size
for future predicted compute budgets. We investigate the growth
in data usage by estimating the total stock of unlabeled data
available on the internet over the coming decades. Our analysis
indicates that the stock of high-quality language data will be
exhausted soon; likely before 2026. By contrast, the stock of low-
quality language data and image data will be exhausted only
much later; between 2030 and 2050 (for low-quality language)
and between 2030 and 2060 (for images). Our work suggests
that the current trend of ever-growing ML models that rely
on enormous datasets might slow down if data efficiency is not
drastically improved or new sources of data become available.

KEY TAKEAWAYS

o We project the growth of training datasets for vision and
language models using both the historical growth rate and
the compute-optimal dataset size given current scaling
laws and existing compute availability estimates (Section
III-A).

e We also project the growth in the total stock of unlabeled
data, including high-quality language data (Section I1I-B).

o Language datasets have grown exponentially by more

seems likely to be around 18% to 31% per year. The
current largest dataset is 3e9 images (Section [V-A).

o The stock of vision data currently grows by 8% yearly,
but will eventually slow down to 1% by 2100. It is
currently between 8.11e12 and 2.3e13 images — three to
four orders of magnitude larger than the largest datasets
used today (Section IV-C).

o Projecting these trends highlights that we will likely run
out of vision data between 2030 to 2070 (Section IV-D).

I. INTRODUCTION

Training data is one of the three main factors that determine
the performance of Machine Learning (ML) models, together
with algorithms and compute. Current understanding of scaling
laws suggests that future ML capabilities will strongly depend
on the availability of large amounts of data to train large
models [2, 3].

Previous work compiled a database of more than 200 train-
ing datasets used in ML models [1] and estimated historical
rates of growth in dataset size for vision and language models.

P. Villalobos, et al, arXiv:2211.04325
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Y. A. Liu et al., Closing the “qguantum supremacy” gap: Achieving real-

Time simulation of a random quantum circuit using a nhew sunway
supercomputer. International Conference for High Performance

Computing, Networking, Storage and Analysis, SC (2021)

Gordon Bell Prize Winner in 2021
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Real-Time Simulation of Random Quantum Circuit

ACM, the Association for Computing Machinery, named a 14-member team, drawn
from Chinese institutions, recipients of the 2021 ACM Gordon Bell Prize for their
project, Closing the "Quantum Supremacy” Gap: Achieving Real-Time Simulation of a
uit Using a New Sunway Supercomputer(Z.

Random Quantum Cir

The members of the winning team are: Yong (Alexander) Liu, Xin (Lucy) Liu, Fang
Nancy) Li, Yuling Yang, Jiawel Song, Pengpeng Zhao, Zhen Wang, Dajia Peng, and
Huarong Chen of Zhejiang Lab, Hangzhou and the National Supercomputing Center in
Wuxi; Hachuan Fu and Dexun Chen of Tsinghua University, Beijing, and the National
Supercomputing Center in Wuxi; Wenzhao Wu of the National Supercomputing Center
in Wuxi; and Heliang Huang and Chu Guo of the Shanghai Research Center for
Quantum Sciences.

Quantum supremacy is a term used to denote the point at which a quantum device
can solve a problem that no classical computer can solve in a reasonable amount of
time. Teams at Google and the University of Science and Technology of China in Hefei
both claim to have developed devices that have achieved quantum supremacy.

According to the Gorden Bell Prize recipients, determining whether a device has
achieved quantum supremacy for a given task (in a specific scenario) begins with
sampling the interactions of the different quantum bits (qubits) in a random quantum
circuit (RQC). As the number of possible interactions among qubits in a random
quantum circuit is staggeringly large, simulating their interactions is 2 problem well-
suited for a high-performance computer. However, the quantum physics behind the
entangled qubits requires that the classical binary bits used in a supercomputer store
and compute the information with exponentially-increasing complexity.

In their Gordon Bell Prize-winning work, the Chinese researchers introduced a
systematic design process that covers the algorithm, parallelization, and architecture
required for the simulation. Using a new Sunway Supercomputer, the Chinese team
effectively simulated a 10x10x (1+40+1) random quantum circuit (2 new milestone
for classical simulation of RQC). Their simulation achieved a performance of 1.2 Eflops
(one quintillion floating-point operations per secand) single-precision, or 4.4 Eflops
mixed-precision, using over 41.9 million Sunway cores (processors).

The project far outpaced state-of-the-art approaches to simulating an RQC. For
example, the most recent effort, using the Summit supercomputer to simulate a
random quantum circuit of the Google Sycamore quantum processor (which has 53
qubits), was estimated to take 10,000 years to perform. By contrast, the Chinese

c] » aloe ’

The 2021 ACM Gordon Bell Special
Prize for High Performance
Computing-Based COVID-19
Research was presented to a six-
member team for their project
Digital transformation of
droplet/aerosol infection risk
assessment realized on “Fugaku” for
the fight against COVID-19(Z. The
Prize is being awarded in 2020 and
2021 to recognize outstanding
research achievement toward the
understanding of the COVID-19
pandemic through the use of high
performance computing. The award
was presented at the hybrid SC21 (7
conference,

View the full list of ACM
Awards

ACM Awards by Category

[+ Career-Long
Contributions

[+) Early-to-Mid-Career
Contributions

[+) Specific Types of
Contributions
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