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Direct Storage

Instead of loading large chunks at a time with very few IO requests, games now break assets like textures down into smaller pieces, only 
loading in the pieces that are needed for the current scene being rendered. previous gen games had an asset streaming budget on the order 
of 50MB/s which even at smaller 64k block sizes (ie. one texture tile) amounts to only hundreds of IO requests per second. 

Existing APIs require the application to manage and handle each of these requests one at a time first by submitting the request, waiting for it 
to complete, and then handling its completion. The overhead of each request is not very large and wasn’t a choke point for older games 
running on slower hard drives, but multiplied tens of thousands of times per second, IO overhead can quickly become too expensive 
preventing games from being able to take advantage of the increased NVMe drive bandwidths. Current storage APIs were not optimized for 
this high number of IO requests, preventing them from scaling up to these higher NVMe bandwidths creating bottlenecks that limit what 
games can do. 

Many of these assets are compressed. In order to be used by the CPU or GPU, they must first be decompressed. A game can pull as much 
data off the disk as it wants, but you still need an efficient way to decompress and get it to the GPU for rendering.

Reducing per-request NVMe overhead, enabling batched many-at-a-time parallel IO requests which can be efficiently fed to the GPU, and 
giving games finer grain control over when they get notified of IO request completion instead of having to react to every tiny IO completion.
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Direct Storage

To get data off the drive, an OS submits a request to the drive and data is delivered to the app via these queues. An NVMe device can have 
multiple queues and each queue can contain many requests at a time. The DirectStorage programming model essentially gives developers 
direct control over that highly optimized hardware.

The CPU shouldn’t become the bottleneck that holds back the I/O subsystem.
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Four types of IO

同步文件读取：读取请求直接陷入内核，读取块后立即返回线程现场和数据块。这样的接口包含 fread, 
ReadFile, fstream等(稳妥的做法)

异步文件读取：读取请求从软件线程上解绑，在内核中异步。当请求完成时，内核激活信号量告知给
应用程序。这样的接口包含 ReadFileEx等，使用这种方式读取文件的典型库有 Boost.ASIO，IOCP等；

文件映射：不使用页面缓冲，将文件直接映射到虚拟地址空间的连续段上。随后用户可以访问这段虚
拟内存来访问映射文件。这样的接口包含mmap，CreateFileMapping等; (PageFault)

DirectStorage等：直接操作 NVMe或是定制设备的并发队列。这样的接口包含Microsoft DirectStorage，
或者可以通过调用 linux NVMe驱动实现; (真正发挥 NVMe性能的 API)
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IO Advice
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IO Advice
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Decompression
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GDeflate

DEFLATE is a compression format that uses a combination of LZ77 compression and Huffman coding. Literals and match copy lengths use a 
single Huffman tree and match copy distances use a separate Huffman tree.

A many-core SIMD machine consumes the GDeflate bitstream by design, explicitly exposing parallelism at two levels.
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GDeflate

We designed GDeflate with the following goals:

GPU-optimized decompression to support the fastest NVMe devices

Offload the CPU to avoid making it the bottleneck during I/O operations

Portable to a variety of data-parallel architectures, including CPUs and GPUs

Can be implemented cheaply in fixed-function hardware, using existing IP

Establish as a data-parallel data compression standard
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GDeflate

Deciding the staging buffer size:

make sure to benchmark different platforms with varying NVMe, PCIe, and GPU capabilities when deciding on the staging buffer size. 
We found that a 128-MB staging buffer size is a reasonable default. Smaller GPUs may require less and larger GPUs may require more.

Compression ratio considerations:

Make sure to measure the impact that different resource types have on compression savings and GPU decompression performance.

In general, various data types, such as texture and geometry, compress at different ratios. This can cause some variation in GPU
decompression execution performance.

This won’t have a significant effect on end-to-end throughput. However, it may result in variation in latency when delivering the 
resource contents to their final locations.

Windows File System:

Try to keep disk files accessed by DirectStorage separate from files accessed by other I/O APIs. Shared file use across different I/O APIs 
may result in the loss of bypass I/O improvements.

it’s necessary to rethink game engines’ resource streaming architecture, and fully leverage improvements in I/O technology.
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Benchmark
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MS Demo性能对比
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GPU with GDeflate (left) loading in 0.8 seconds vs CPU with Zlib (right) in 2.36 seconds.
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Amd Demo性能对比
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mapName mapSize Compressed(MiB) mapSize Uncompressed (MiB) DS On loadime DS Off loadTime(ms)

CheckerPlane 0 0 48.31 138.12

CommandModule 915.3 2758.72 503.25 2343.35

BoomBox 10.86 85.37 61.12 229.83

SpaceShuttle 926.78 2475.79 517.91 2125.09

X1 29.37 170.69 142.85 668.82
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Portal Prelude性能对比
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https://www.youtube.com/watch?v=LvYUmVtOMRU

https://zhuanlan.zhihu.com/p/613665728

https://developer.nvidia.com/blog/accelerating-load-times-for-directx-games-and-apps-with-gdeflate-for-directstorage/

https://hyunyoung2.github.io/2016/05/20/NVMe/

https://gpuopen.com/gdc-presentations/2023/GDC-2023-DirectStorage-optimizing-load-time-and-streaming.pdf

https://www.nvidia.com/en-us/geforce/news/rtx-io-for-geforce-gpus-available-now/

https://www.youtube.com/watch?v=o9Sf4H2rYM8

https://github.com/microsoft/DirectStorage

参考资料
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