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Recap: Stride Prefetching
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Why Do We Care?

Memory

Program Program BA

PrefetcherPrefetcherPrefetcher?

• Prefetchers can enable for security-critical side channels1,2,3

• Implementations are proprietary, undocumented, diverse
• In order to get a better picture of overall security, we need to understand

prefetchers better
1Shin et al., “Unveiling Hardware-Based Data Prefetcher, a Hidden Source of Information Leakage”, CCS ’18.
2Sanchez Vicarte et al., “Augury: Using Data Memory-Dependent Prefetchers to Leak Data at Rest”, S&P ’22.
3Chen, Pei, and Carlson, “AfterImage: Leaking Control Flow Data and Tracking Load Operations via the Hardware Prefetcher”, ASPLOS ’23.
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Research Questions

How to identify
and characterize

prefetchers?

What prefetchers
are commonly
implemented?

What are the
security

implications?
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Systematization of Prefetching Approaches: Our Taxonomy

Hardware Prefetcher
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Our Framework: FetchBench

Identification and Characterization

Processor-Specific Prefetcher Existence and Characteristics Information

Architecture-

Specific
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CPUs Under Test

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Amlogic

S905X3

(Arm A55)

Broadcom

BCM2837

(Arm A53)

Broadcom

BCM2711

(Arm A72)

HiSilicon

Kirin 960

(Arm A73)

Rockchip

RK3588S

(Arm A76)

Apple

M1

Max

Intel Core

i7-2620M

(Sandy Bridge)

Intel Xeon

E3-505Mv5

(Skylake)

Intel Core

i5-4300M

(Haswell)

Intel Core

i7-10510U

(Comet Lake)

Intel Core

i3-1005G1

(Ice Lake)

Intel Xeon

E-2176M

(Coffee Lake)

Intel Core

i7-1165G7
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Intel Xeon
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(Ice Lake)

Intel Core
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(Alder Lake)

AMD Ryzen
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(Zen)

AMD Ryzen
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(Zen+)

AMD Ryzen

7 5700G

(Zen 3)

AMD Ryzen

9 6900HX

(Zen 3+)

AMD (4)

Apple (1)

Arm Cortex (5)

Intel (9)

Total: 19 CPUs/SoCs
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Notable Findings

• At least 1, at most 3
data prefetchers
• Most common:

Stride
• New: SMS (Spatial

Memory Streaming)
• Complexity grows

with CPU complexity
and over time
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Preview: More Details in the Paper
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Exploiting Spatial Memory Streaming (SMS)
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Case Studies
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Taxonomy & FetchBench
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CPU Characterization
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Case Studies (SMS)

• Userspace
→ Userspace
• Secure World
→ Normal World

github.com/scy-phy/FetchBench

Contact me: Till Schlüter
till.schlueter@cispa.de

tschlueter.com (List of all resources re-
lated to this paper)
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AES Case Study: Synchronization
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Discussion

Limitations
• We only find prefetcher designs that we have tests for
• We only consider prefetching on data loads

Countermeasures
• Segmentation of the prefetcher’s state
• Avoid collisions in the prefetcher’s state
• Constant-time programming
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