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The Rise of Machine Learning

When we talk about the rise of machine learning, people usually raise
these questions:

What is machine learning?
Do you know its history?
Why is it so important today?

But I don’t want to talk about them, cause I’ve got no interest in AI.
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Applications of Machine Learning

Anyway, AI is a useful tool.

Generative AI
AI for science
Others
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AI for System



How can AI promote our research of computer system?

Let’s compare these two games:1

1James E Smith. “A study of branch prediction strategies”. In: 25 years of the international symposia on Computer architecture
(selected papers). 1998, pp. 202–215.
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How can AI promote our research of computer system?

And it turns out that...23

2Anastasios Zouzias, Kleovoulos Kalaitzidis, and Boris Grot. “Branch Prediction as a Reinforcement Learning Problem: Why,
How and Case Studies”. In: arXiv preprint arXiv:2106.13429 (2021).
3David Silver et al. “Mastering the game of go without human knowledge”. In: nature 550.7676 (2017), pp. 354–359.
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How can AI promote our research of computer system?

Their similarities:

1 Decision-making problems
2 A finite state given as input
3 A simple decision required as output

The role that AI plays: looking for a fitting function y = f(x), which
calculates the correct/best y with given x.
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How does AI perform its job?

The perceptron was introduced at first:4

4Daniel A Jiménez and Calvin Lin. “Dynamic branch prediction with perceptrons”. In: Proceedings HPCA Seventh International
Symposium on High-Performance Computer Architecture. IEEE. 2001, pp. 197–206.
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Applications

AMD Zen microarchitecture, the start of ”AMD YES”.
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Advanced version

Advanced neural network is also being introduced to many subfields of
computer system…
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Reinforcement is all you need

Let’s go over the basic concept of rl.
Reinforcement Learning

A virtual agent who makes decisions
A state space S = {si}
An action space A = {ai}
Rewards rai|si

When agent receives a reward or a feedback, it updates the estimation

E(rai|si)

or under some situation the probability

P(rai|si > 0)
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Applications

The problems that reinforcement learning can deal with:

Heuristic
Empirical
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Database Management System

The configuration of the knobs5

5Dana Van Aken et al. “Automatic database management system tuning through large-scale machine learning”. In: Proceedings
of the 2017 ACM international conference on management of data. 2017, pp. 1009–1024.
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Operating System

The management of page table index6

6Artemiy Margaritov et al. “Virtual address translation via learned page table indexes”. In: Conference on Neural Information
Processing Systems. 2018.
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Applications

Anywhere we use heuristic to make a decision can be replaced by ml!7

Compilers: instruction scheduling, register allocation, loop nest
parallelization strategies, ...
Networking: TCP window size decisions, backoff for retransmits, data
compression, ...
Operating systems: process scheduling, buffer cache
insertion/replacement, file system prefetching, ...
Job scheduling systems: which tasks/VMs to co-locate on same
machine, which tasks to pre-empt, ...
ASIC design: physical circuit layout, test case selection, ...

7Jeff Dean. “Machine learning for systems and systems for machine learning”. In: Presentation at 2017 Conference on Neural
Information Processing Systems. 2017.
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Framework for RL in Sys

There are some frameworks for these systems8:

8Hongzi Mao et al. “Park: An open platform for learning-augmented computer systems”. In: Advances in Neural Information
Processing Systems 32 (2019).
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System for AI



How can our works on system promote research of AI?

Large models are conquering ml…
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Problems in system

With the growth of size, problems occurred.

Low speed
Limited memory
Popularization
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Improvements

Speed can be achieved with loss of precision and generality

Reduced precision

Specific operations
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Improvements

Thus we have Nvidia GPUs with CUDA units and tensor cores, Google
TPU and Apple NPU.
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Improvements

In traditional data storage and computing, we distribute data/tasks to
multiple machines for larger storage size and better speed.
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Improvements

The same idea can also be applied into ml

Distributed machine learning system (parallel compute / parallel data)
Computing device placement
Other topics in traditional distributed sys (communication,
consistency)

Conless Pan (ACM Class 2022) AI for System and System for AI July 27, 2023 23 / 30



Improvements

The same idea can also be applied into ml

Distributed machine learning system (parallel compute / parallel data)

Computing device placement
Other topics in traditional distributed sys (communication,
consistency)

Conless Pan (ACM Class 2022) AI for System and System for AI July 27, 2023 23 / 30



Improvements

The same idea can also be applied into ml

Distributed machine learning system (parallel compute / parallel data)
Computing device placement

Other topics in traditional distributed sys (communication,
consistency)

Conless Pan (ACM Class 2022) AI for System and System for AI July 27, 2023 23 / 30



Improvements

The same idea can also be applied into ml

Distributed machine learning system (parallel compute / parallel data)
Computing device placement
Other topics in traditional distributed sys (communication,
consistency)

Conless Pan (ACM Class 2022) AI for System and System for AI July 27, 2023 23 / 30



Convenience

Programmers don’t want to build their projects from every detail.

When writing cpp programs, it’s convenient for us to use those frameworks
and libraries.

AI programmers also need them.
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Frameworks
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Frameworks
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Tiny ML

Every personal device should be able to train a model9

9Song Han. “Efficient Deep Learning Computing: Model Compression and Acceleration”.
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Prospects



Higher level ideas
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Research

What is a good sys4ml/ml4sys research?

Should be both good AI and systems research

Provides insights to both communities

Leverages understanding of both domains
I don’t like adjust those parameters
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Thank you!
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