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Some figures from PagedAttention paper
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Figure 5. Illustration of the PagedAttention algorithm,
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Figure 6. Block table translation in vLLM.
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2.1 Large Language Models
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2.2 Fragmentation and PagedAttention
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3 Issues with the PagedAttention Approach




3.1 Requires Re-writing the Attention Kernel
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3.2 Adds Redundancy in the Serving Framework
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Figure 1. PagedAttention involves two layers of memory
management: one in user space and one in OS kernel space.



3.3.1 Runtime overhead on the GPU
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Figure 2. Overhead of PagedAttention in prefill kernels
(model: Llama-3-8B, one A100 GPU). Numbers on top show
overhead over the corresponding non-paged implementation
of FlashAttention-2 (FA2) and FlashInfer (FI).



3.3.2 Runtime overhead on the CPU
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4 Insights into LLM Serving Systems
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5 vAttention: Design and Implementation




5.1 Design Overview
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5.2 Leveraging CUDA Virtual Memory Support
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5.2.1 CUDA virtual memory APIs. (1)
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5.2.1 CUDA virtual memory APIs. (2)

Latency (microseconds)

CUDA VM APIs vAttention VM APIs | Description 64KB | 128KB | 256KB |, 2MB
cuMemAddressReserve * | vMemReserve * Allocate a buffer in virtual memory 18 17 16 2
cuMemCreate * vMemCreate * Allocate a handle in physical memory 1.7 2 2.1 29
cuMemMap vMemMap Map a physical handle to a virtual buffer 8 8.5 9 2
cuMemSetAccess - Enable access to a virtual buffer = = @ 38
cuMemUnmap | - | Unmap physical handle from a virtual buffer | - | - | - | 34
cuMemRelease * vMemRelease * Free physical pages of a handle 2 3 4 23
cuMemAddressFree * vMemFree * Free a virtual memory buffer 35 35 35 1

Table 3. CUDA VMM APIs. * represents APIs that we use once while instantiating or terminating the serving framework. Rest
of the APIs are used for (un)mapping physical memory pages at runtime. CUDA APIs (prefixed with cu) support only 2MB
pages, whereas our CUDA extension APIs (prefixed with v) support fine-grained allocations.

CUDA Driver APl - 6.14. Virtual Memory Management
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6 Optimizations




6.1 Hiding Latency of Memory Allocation
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6.2 Mitigating Internal Fragmentation
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