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1. The Hyperscale Stranded Memory Crisis

In modern multi-tenant cloud data centers, virtual machine CPU and RAM allocations are fundamentally asymmetric. Up
to 25% of server DRAM capacity remains 'stranded'—physically attached to underutilized CPU sockets but inaccessible
to adjacent compute nodes. Compute Express Link (CXL 2.0/3.0) introduces memory disaggregation, allowing host
servers to dynamically map pooled DRAM over high-speed PCle Gen 5 and Gen 6 SerDes interconnects using the
low-overhead CXL.mem protocol.

2. The Physical Latency Breakdown: The 200ns Flight Tax

Telemetry Reality: Native DDR5 channels connected directly to integrated memory controllers (IMC) deliver read latencies of
65-75 nanoseconds. Traversing a CXL 2.0 memory fabric incurs an unavoidable 170-250 nanosecond latency penalty: 30ns for
PCle root port packetization, 45ns for physical SerDes and retimer transmission, 60ns for CXL switch arbitration, and 40ns for
the endpoint CXL memory controller ASIC translation.

3. OS Kernel Tiering and NUMA Migration Strategies

To prevent memory-bound workloads (Redis, Memcached, SAP HANA) from experiencing a 30—45% IPC collapse when
reading CXL-attached pools, the Linux kernel leverages heterogeneous memory management (HMM) and NUMA tiering
(CCONFIG_NUMA_BALANCING"). Hot working-set pages are pinned to local NUMA Node 0 (DDRS5), while cold pages
(>5 seconds unreferenced) are asynchronously demoted to NUMA Node 1 (CXL Pool) via “migrate_pages’ in the
background.

ARCHITECTURAL BENCHMARK & PARAMETER TELEMETRY

Physical Controller Delay 22 ns (IMC on-die) 45 ns (CXL Bridge ASIC) 55 ns (Switch + Bridge ASIC)

SerDes / Retimer Flight Time 3 ns (On-PCB trace) 35 ns (PCle Gen 5 SerDes) 68 ns (Dual Retimer + Cable)

Flit Protocol Encoding 0 ns (Native DRAM 28 ns (CXL.mem Flit 34 ns (CXL 3.0 256B Flit)
commands) 68B/256B)

Total Read Latency (ldle) 68 ns 175 ns (+157% penalty) 235 ns (+245% penalty)

Peak Bandwidth per Link 89.6 GB/s (Dual Channel) 64 GB/s (x16 PCle Gen 5) 128 GB/s (x16 PCle Gen 6)
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