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Introducing STICM

e STICM: Smart Tools and Interfaces for Complex Memory
« Joining the STEP portfolio in FY 2026-2027

* Will steward and extend the high-level interface of the

DOE ECP project SICM

« Today's talk
 (oals and design of SICM
 Major contributions of SICM
 Ongoing and planned work for STICM
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Rise of Complex Memories

* Trends placing new strains on memory systems
« Success and proliferation of Al, data analytics
« “Scaling up” memory has become more difficult
* Increasing demands for high density sharing in HPC

 New media technologies
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How to Manage Complex Memories

- Application behaviors are very diverse
 Difficult to create a one-size-fits-all solution
« Solutions should be tailored to individual applications

« Applications are not used to managing memory HW
« Memory intensive applications are extremely complex
« Solutions need to be simple, transparent, portable
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SICM Overview
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SICM High-Level Contributions

* Guided Memory Management with SICM

« Evaluating the Effectiveness of Program Data Features for Guiding
Memory Management [1, 2]

 MemBrain: Automated Application Guidance for Complex Memory
Systems [3, 4, 5, 6]
 Flexible and Effective Object Tiering with MAT Daemon [7, 8]
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Guiding Memory Management with Data Features A

T

» Understanding and predicting memory usage is hard

« Common strategy:

« Combine and associate memory usage profiles with some program
data features

« Examples: object size, type, or allocation context

» |f features accurately distinguish data with similar usage, profiling can
be more efficient

 Problem: which program features are most effective for guiding
memory management?

Effler, et al. Evaluating the Effectiveness of Program Data Features for Guiding
Memory Management. MemSys 2019.
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Methodology

 Designed a simulation framework to:
* Profile the usage of individual data objects

» Associate and group object profiles with
common data features

» Application
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Methodology

 Designed a simulation framework to:
* Profile the usage of individual data objects

» Associate and group object profiles with
mon data features

 Allocation p
 Alive phases

« Access signature
» Allocation site \_
« Allocation context

memtracer
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Automated Application Guidance for
Complex Memories

« Track usage for program allocation sites

» Site = allocation instruction + call path
* Intuition 1: origin can help predict usage
* Intuition 2: profile transferability

Potential Sites
ABD
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ACD
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SICM High-Level Overview
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SICM High-Level Overview
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SICM High-Level Overview
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SICM High-Level Overview
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SICM High-Level Overview
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Object Tiering for Complex Memories

« Drawbacks to MemBrain
« Requires recompilation, offline profiling
*  Only supports single-process workloads
 New approach: track usage for individual data objects

« Two major design components
« Custom allocator to track object creation / removal

« Process (MAT Daemon) to aggregate, analyze object profiles,

calculate and enforce new data tiering assignments
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Going Forward with STICM

« Adapting Object Tiering for New Architectures

« High-bandwidth memories (SPR) C (Lﬂm{.ﬁ;

 More diverse architectures connected via CXL

 Exploit deeper integration with OS / hardware

« Coordinate physical mem mgmt w/ object tiering

« Hardware-accelerated data migration

Opportunities in high-level language applications —
« Leverage HLL-VM features to reduce fast mem J .
capacity daVd
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'm happy to respond to any QUESTIONS
My email address is trj@ornl.gov
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