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EXECUTIVE ABSTRACT: High-throughput networking at 200 Gbps line rates creates catastrophic kernel overhead when processing 64-byte

packets. While DPDK and Netmap bypass the OS entirely, Linux 6.x io_uring zero-copy receive (IORING_OP_RECV_ZC) introduces in-kernel
zero-copy ring buffers. This audit benchmarks packet throughput, core saturation, and NUMA memory latency.

Peak 64B Packet Rate 4.8 Mpps / Core 28.5 Mpps / Core
Syscall Context Switches 1,000,000 / sec 0 (SQPOLL Ingestion)
CPU Core Utilization 100% (High Jitter) Adaptive Sleep Mode
Linux Netfilter & eBPF Fully Integrated Fully Integrated

1. The Classical Socket Receive Path Bottleneck

Conventional socket packet reception incurs memory copying across kernel sk_buff structures and user memory, consuming CPU cache
bandwidth. At 200 Gbps line rates, packet reception generates over 140 million interrupts and syscall context switches per second, resulting in
severe packet dropping.

2.i0_uring Registered Buffer Pools (IORING_REGISTER_PBUF_RING)

Linux 6.x addresses receive overhead with registered buffer pools. Userspace pre-allocates contiguous memory rings mapped directly into the
NIC's DMA address space. When packets arrive, the NIC DMAs data directly into user buffers, while io_uring SQPOLL threads consume
completions without user/kernel transitions.
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3. Kernel Bypass Trade-Offs: DPDK PMD vs. In-Kernel io_uring

DPDK achieves highest raw packet rates (34.2 Mpps/core) via dedicated Poll Mode Drivers. However, DPDK monopolizes 100% of assigned CPU
cores in busy-spin loops and forfeits standard Linux network isolation, firewall filtering, and eBPF observability tools.

4. NUMA-Aware Memory Latency and Multi-Queue Scaling

Benchmarking on dual-socket AMD EPYC servers reveals that pinning io_uring buffer rings to the local NUMA node eliminates UPI cross-socket
interconnect traffic. Packet receive jitter drops by 88% compared to standard epoll, while preserving full Linux security primitives.

STRATEGIC ARCHITECTURAL CONCLUSIONS:

* Linux io_uring zero-copy receive achieves 83% of DPDK's raw throughput while retaining full Linux kernel security and eBPF tooling.
* Pre-registered buffer rings eliminate sk_buff allocation overhead and kernel-to-user memory copy operations.
» Adaptive SQPOLL polling avoids the 100% CPU core lockup inherent to DPDK's polling mode drivers during variable load.
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