
Work in Progress - Exploring Performance and Power of CXL Memory and PCIe
5.0 NVMe for Memory-Hungry Workloads

MARIA BAHNA, The University of Edinburgh, United Kingdom

DAVID FITZSIMMONS, The University of Edinburgh, United Kingdom

ANTONIO BARBALACE, The University of Edinburgh, United Kingdom

The recent convergence of storage and memory, enabled by PCIe 5.0 NVMe SSDs and CXL 2.0 memory expanders,
offers promising solutions to memory bottlenecks of memory-hungry workloads. Both technologies can extend main
memory (DDR RAM) at least for capacity. We analyse the performance and energy efficiency of these technologies on
an example memory-hungry workload: quantum classical simulation [2]. We believe it is worth exploring how such
new storage and memory technologies – PCIe 5.0 NVMe SSDs and CXL 2.0 memory expanders, actually improve the
execution of memory-hungry workloads [5], which is especially important today with the global memory market price
inflation of memory chips [1].

In this work, we focus on quantum classical simulations – specifically, state vector, because of the simple structure of
the problem: an arbitrarily large vector of complex numbers that is continuously multiplied by relatively small and
sparse square matrices of complex numbers. It is indeed memory-bound, as the required memory increases exponentially,
2𝑛 × 16 bytes for a 𝑛 size system [2].

CXL Type 3.0 devices are recognised as memory by Linux (namely, CPU-less NUMA – Non-Uniform memory
Access, nodes). Hence, blocks of memory can be allocated from CXL rather than DDR RAM (directly attached). Because
CXL access latency is longer, Linux introduced weighted interleaving [3]. For each requested block of virtual memory,
physical CXL and DDR pages are allocated one after the other with a certain ratio. We find that the optimal page
interleaving strategy is a 3:1 ratio, as it provides a bandwidth closest to the DDR RAM bandwidth 93𝐺𝐵/𝑠 . Basically, for
the nodes holding DDR we set a weight of 3 while CXL nodes have a weight of 1; for every three pages sent to the DDR,
we send one page to the CXL.

NVMe SSDs are introduced by both naïvely using OS swap subsystem and by building new functionalities atop
existing solution [4], featuring the techniques from the paper: triple-buffered pipeline, asynchronous I/O, three-step
swap algorithm, and partitioning strategy. Our SSDs are partitioned using the OS RAID 0 software to automate load
balancing of I/O. The latter is used in the following analysis as it outperforms the naïve option.

We disclose the following key observations by comparing 3 configurations: CXL with OS-enabled weighted
interleaving, NVMe SSD with rewritten application to use it, and the machine with doubled DDR RAM. (1) CXL is
competitive with double DDR RAM in both performance and energy. Average execution time difference between the
two configurations across varying thread counts stays under 30%, while energy consumption under 35%. When all
DDR RAM slots are full, CXL is the only solution to expand memory. (2) Using half CPU cores, and directly connected
memory, the SSD’s performance and energy usage is similar to the CXL configuration; while using all CPU cores is
more power hungry than using SSDs. (3) The performance gap becomes a worthwhile tradeoff as the SSD version
allows significant simulation size increases.
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