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鹏城云脑II配置参数

• 512 Nodes

• CPU: Kunpeng 920 ARMv8

4 sockets x 48 cores, 2.6GHz

• RAM: 2T, DDR4-2666

• NIC: HiSilicon 100GE x2

with RoCE RDMA

• SSD: NVMe SSD 3.2T x6 
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IO500
• 计算方法：IO500包括带宽和元数据两项基准测试，将两个

项目的总分（总分也是分项的几何平均）进行几何平均后，

得出最终分数。

• IO：写入数据，再读出

• MD：创建、删除、写入文件

• Find: 查找

• 大的分下面五项内容

• IOEasy：IO模式充分优化的应用程序

• IOHard：需要进行随机读写的应用程序

• MDEasy：元数据读写/小文件（小对象）的读写

• MDHard：共享目录下的小文件（3901个字节）读写

• Find：基于模式的对象查找



IO500 SC21 LIST



IO500 SC21 10NODE LIST



GekkoFS

😀大规模集群系统中具有良好的元数据性能

🙁所依赖的库在ARM（鲲鹏）上非常的不稳定

☹️ Libfabric 和华为网卡不兼容
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MadFS元数据与数据分布策略

meta

data
data

meta

data
chunk chunk … chunk

Hash (Path)

Local FS (XFS) RocksDB
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MadFS 体系结构

系统调用插装

客户端

ROCE高速通信层

服务器端

RPC 序列化/反序列化 RPC序列化/反序列化

本地的存储系统

应用程序
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系统调用插装

• 用户层的系统调用插装库

装载时重写所用进入系统调用的指令 syscall ➔ jmp

• DAOS开发为PMEM介质开发，GekkoFS中使用

• 仅仅支持 x86_64 体系结构，为ARM64重写

https://github.com/madsys-dev/syscall_intercept/tree/aarch64
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mov x0, #1

svc #0 => b xxxxx

Leave 2 scratch regs

Fill in descriptor address

Fill in handler address

Fill in return address

Save general regs

Save FP regs

Restore regs…

Call C function

Rewrite syscall

instructions

Template

for each syscall
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MadFS 基础开发语言是Rust

11



为什么使用Rust

• 高性能:  0开销的抽象

• 高可靠性:  无段错误和数据竞争

• 开发高效:  第三方库也非常稳定

• 对IO的支持:  原生的异步IO，asynchronous
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协程支持

• 用户态的协程机制对于高速IO非常关键

• Rust支持了 async-await 语法

• 使用类似同步的代码来编写异步的函数

• 避免 C 语言中的各种回调函数

• Rust 社区有广泛使用的良好优化的异步运行时

• Single-thread or multi-thread work-stealing scheduler
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MadFS的通信层

• UCX

华为网卡官方支持

• Written in C

需要写一个Rust wrapper （使用异步模式）

https://github.com/madsys-dev/async-ucx
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UCX

15



RPC库

• RPC库直接建立在 UCX之上

• Use Tag Matching API for targeting (UCX)

• Use Vectored-IO for packing data and arguments (UCX)

• Use Serde framework for argument (de)serialization (Rust)

• Use FlexBuffers protocol for zero-copy deserialization 

(Rust)
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Zero-copy 序列化与反序列化

Buffer

Create Path Mode

Meanwhile, keep it easy to use…

Reference
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Avoid malloc, memcpy…



fn write(                 ) {

}
Request

Data Recv Buffer

Send Buffer

Request Data

Client Server

fn read(                 ) {

}
Reply

Data

SzSz

Vectored IO
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存储模型

元数据➔ RocksDB

{ full-path => metadata }

数据块➔本地文件系统
./<full-path>/<chunk-id> => data
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线程模型

• 网络线程: 1 or 2

• 使用Polling事件机制（ UCX worker ）

• 16 RPC handler 协程

• 元数据操作

• Blocking ops给 IO 线程

• IO线程池的工作:

• 文件读写；扫描RocksDB；处理Sync
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Net thread

IO Threads

Rx Tx

Blocking IO

Md MdMd



性能优化小结

系统调用插装

客户端

ROCE高速通信层

服务器端

RPC 序列化/反序列化 RPC 序列化/反序列化

本地存储系统

应用程序 避免上下文的切换

LSM-Tree小数据读写

低延迟 RDMA  

避免malloc/free

避免内存拷贝

无栈协程
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SC20 Final Result

• Client:  255 nodes x 72 procs = 18,360 procs

• Server: 254 nodes x 12 procs = 3,048 procs
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SC20 Final Result (10node)

• Client:  10 nodes x 144 procs = 1,440 procs

• Server: 50 nodes x 6 procs = 300 procs
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SC20 => ISC21

Optimize for:

• Memory Usage              Scale x2

• Local File IO and Fsync BW +50%

• Small Files                      IOPS +50%

• Find                              Find x500, Score +50%
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Small File Optimization

Metadata => RocksDB

{ full-path => metadata }

Chunks => Files on Local FS

./<full-path>/<chunk-id> => data

Chunk0 => RocksDB

Optimize for small files
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Small File Optimization

8 nodes x (18 server procs + 72 client procs), IO500 300s
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The Long Tail Problem

• Each client will issue an fsync after write complete

• The fsync request will be broadcast to each server

• On server, each fsync request triggers a global sync

• Massive s y nc operations then block other writes

DiskIO

Stonewall @ 30sBegin End

ior-easy-write
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Actual scored BW

Expected BW



Handle Fsync

• Spawn a background “sync” thread

• Each fsync request will notify it and wait for sync completion

• Separate fsync from other requests with different tags
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Stonewall @ 300s End

DiskIO



Find is NOT Scale

• mdtest-hard creates ~3,500,000,000 files

in a SINGLE directory

• pfind can only scan them through one process
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Load Imbalance
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• pfind can do single-directory-parallel-access if the file system 

supports hash distribution of dentry cookie…

• We found that it still suffers from load imbalance problem
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Madfs-Find
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ISC21 Final Result

• Client:  512 nodes x 72 procs = 36,864 procs

• Server: 512 nodes x 24 procs = 12,288 procs
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ISC21 Final Result (10node)

• Client:  10 nodes x 180 procs = 1,800 procs

• Server: 50 nodes x 24 procs = 1,200 procs
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Scalability Improvement
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THANKS

MadFS is built on top of:

• Rust

• UCX

• Syscall-intercept

• RocksDB & rust-rocksdb

• Tokio

• Serde & FlexBuffers

• ……

The IO500 test was made 

possible by the cooperation of:

• Pengcheng Laboratory

• Huawei Technologies

• Tsinghua University


