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1. The Architecture of Multi-Socket NUMA Memory Fabrics

Modern enterprise server architectures (AMD EPYC Genoa/Bergamo and Intel Xeon Emerald/Granite Rapids) feature up
to 128 to 256 physical cores organized across multiple Non-Uniform Memory Access (NUMA) nodes and processor
sockets. While local DRAM access latency is roughly 70 to 80 nanoseconds, accessing memory attached to a
neighboring socket via Ultra Path Interconnect (UPI) or Infinity Fabric (IF) incurs an inescapable latency penalty of 160 to
240 nanoseconds (a 3x penalty).

2. The Microsecond Tail Latency Trap: EEVDF Scheduler Migration

The default Linux kernel scheduler (Earliest Eligible Virtual Deadline First / EEVDF) prioritizes global fairness and
multi-core throughput over deterministic latency. When an active worker thread exhausts its time slice, the scheduler
frequently migrates the thread to an idle core on a different CPU socket. Thread migration invalidates warm L1/L2 caches
and cross-socket UPI traffic surges, injecting severe 50us to 250us latency spikes that destroy P99 and P99.9
service-level objectives (SLOSs) in in-memory databases and microservices.

3. CPU Shielding, Cgroups v2 cpuset, and Tickless Full Mode

To eliminate scheduler jitter, high-performance infrastructure teams deploy CPU Shielding. Cores are partitioned using
the kernel boot parameters isolcpus, nohz_full, and rcu_nocbs. Dedicated worker cores are placed in 'tickless full' mode,
completely disabling the kernel timer interrupt tick when a single task runs, delivering deterministic bare-metal compute
performance inside Linux.

4. Memory Allocation Policies: MPOL_BIND vs. Automatic NUMA Balancing

By default, the Linux kernel runs “kernel.numa_balancing = 1", which periodically unmaps memory pages to generate
minor page faults and migrate pages toward the accessing thread. While beneficial for monolithic batch jobs, page
migration causes severe thread stalls in low-latency microservices. Disabling automatic balancing and enforcing strict
memory binding (MPOL_BIND via numactl) eliminates tail latency spikes completely.
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