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⼜⻅⾯了

•              粉丝团成员

• 贵系五字班⽼年⼈

• ⾼性能所硕⼠⼆年级，导师陈康

• Rust 忠实教徒，⽤它写过 OS

• 热爱第⼋第九艺术

王润基
@wangrunji0408

@玩电脑的猫
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前情提要
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前情提要
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半年后
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提纲

1. 去年 IO500 回顾及后续进展

2. MadFS 针对 IO500 的新优化

3. 本次打榜的故事

4. MadFS 的未来发展计划
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Part1
去年 IO500 回顾及后续进展
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IO500 是什么？
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鹏城云脑 II

• 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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GEKKOFS 的原理
meta
data data

meta
data chunk chunk … chunk

Hash by path

Local FS (ext4) RocksDB
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GekkoFS ⽆法运⾏
GekkoFS

Mercury
RPC 库

Argobots
线程库

Margo
包装库

Libfabric
⽹络库

Syscall 
Intercept

RocksDB
元数据存储
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⾃研 MadFS
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MadFS

Syscall 
Intercept

RocksDB
元数据存储

Tokio
协程库

Tarpc
RPC 库

UCX
⽹络库
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512 节点全系统测试
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扩展性测试
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扩展性测试
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IOR-WRITE 带宽问题
慢启动

⻓尾
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Find 扩展性问题

• mdtest-hard 在⼀个⽂件夹下创建了 
~3,500,000,000 个⽂件

• pfind 只能⽤⼀个进程扫描它们
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Find
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Part2
MadFS 针对 IO500 的新优化

20



内存优化
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优化前 优化后

Buffer
Buffer
Buffer
Buffer

tag0
tag1
tag2
tag3

…

Buffer
Buffer

Buffer

tag??
tag??

tag??

…

BuffertagM

为每个链接创建⼀个协程+Buffer
256节点 x 72客户端 x 12服务端 x 5MB ≈ 1.1TB

所有链接复⽤16个协程+Buffer
16协程 x 12服务端 x 5MB ≈ 1GB

16
256
x72



⽹络多线程优化
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优化前 优化后

⽹络 ⽹络IO

…

IO

…



x86 效果不错
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1t12c 2t12c 3t12c
ior-easy-write 1.445 1.688 1.620
mdtest-easy-write 83.570 117.029 157.625
ior-hard-write 1.218 1.284 1.059
mdtest-hard-write 21.067 19.521 17.931
find 284.347 393.564 336.641
ior-easy-read 2.695 2.377 2.278
mdtest-easy-stat 103.330 218.089 278.688
ior-hard-read 2.120 1.847 1.867
mdtest-hard-stat 140.942 314.246 371.039
mdtest-easy-delete 72.694 128.357 166.760
mdtest-hard-read 49.364 68.354 60.904
mdtest-hard-delete 36.328 39.273 39.390

Bandwidth 1.781 1.756 1.643
IOPS 74.514 109.869 118.681
Score 11.519 13.891 13.965
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ARM 性能腰斩
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经查原因是 RocksDB 并发写冲突！
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1t 2t1n12s48c 1n12s2t48c
ior-easy-write 15.231 15.112
mdtest-easy-write 766.790 352.520
ior-hard-write 9.002 11.236
mdtest-hard-write 144.611 110.057
find 13597.861 8953.709
ior-easy-read 21.746 21.950
mdtest-easy-stat 1321.550 1695.604
ior-hard-read 17.539 21.508
mdtest-hard-stat 1584.197 1867.437
mdtest-easy-delete 899.968 407.251
mdtest-hard-read 528.737 655.647
mdtest-hard-delete 232.076 174.295

Bandwidth 15.122 16.826
IOPS 876.582 689.682
Score 115.135 107.726



本地⽂件读写优化
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优化前 优化后

⽹络 IO IO阻塞 ⽹络 IO阻塞

…write

spawn
blocking

spawn

tokio::File::write().await

open

std::File::write()

open
write



本地⽂件读写优化
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base opt
ior-easy-write 4.000 4.800
mdtest-easy-write 327.000 245.000
ior-hard-write 2.000 3.300
mdtest-hard-write 18.000 19.000
find 401.000 549.000
ior-easy-read 4.800 8.000
mdtest-easy-stat 497.000 405.000
ior-hard-read 2.700 5.000
mdtest-hard-stat 668.000 447.000
mdtest-easy-delete 316.000 244.000
mdtest-hard-read 104.000 164.000
mdtest-hard-delete 84.000 84.000

Bandwidth 3.191 5.017
IOPS 195.834 187.919
Score 24.998 30.705

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

ior
-ea

sy
-w

rite
ior

-h
ard

-w
rite

ior
-ea

sy
-re

ad
ior

-h
ard

-re
ad BW

base opt



⼩⽂件优化
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平均每节点分数
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⼩⽂件优化

元数据 => RocksDB 
{ 全路径 => 元数据 }

数据块 => 本地⽂件系统 
./全路径/块ID => 数据

第0块 => RocksDB 
优化⼩⽂件性能
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⼩⽂件优化

8 nodes x (18 server procs + 72 client procs), IO500 300s
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Base OptSmallBase OptSmall
ior-easy-write 94.122 92.497
mdtest-easy-write 5378.439 5422.553
ior-hard-write 80.854 78.944
mdtest-hard-write 463.743 1285.563 +177%
find 44604.009 36128.417
ior-easy-read 91.108 90.295
mdtest-easy-stat 10056.221 10951.796
ior-hard-read 60.748 59.330
mdtest-hard-stat 10638.537 9502.525
mdtest-easy-delete 6216.329 6212.316
mdtest-hard-read 2080.537 3446.449 +66%
mdtest-hard-delete 490.780 4127.369 +741%

Bandwidth 80.560 79.085
IOPS 4071.717 6245.916 +53%
Score 572.729 702.823 +23%



FIND

IO500 的最后壁垒：唯⼀⼀项没有扩展性的
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如果 FIND 可扩展……

单项可提升⾄少 100x

总分可提升⾄少 30%
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Find 扩展性问题

• mdtest-hard 在⼀个⽂件夹下创建了 
~3,500,000,000 个⽂件

• pfind 只能⽤⼀个进程扫描它们
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并⾏扫描单⽂件夹
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Cookie?
POSIX ⽬录接⼝：
• opendir (open)
• readdir (getdents)
• closedir (close)
• seekdir / telldir (lseek)
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dentry dentry dentry dentry
0 2^64

open seekread



Cookie 的分配

35

dentry dentry dentry dentry

0 2^64

dentrydentry dentry dentry

0 2^64

顺序

哈希



分布式系统 Cookie

dentry

0 2^64

哈希

seek read

36



RocksDB Key
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basepath name/

basepath HASH/ / name

seek

seek



PFIND 动态任务切分

0 2^64
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负载不均衡
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ior-easy/2 
md-easy 
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ior-easy/2 
md-easy 
md-easy/0/1 
md-easy/0/2 
md-easy/1/0 
md-easy/2 
md-hard/1 
md-hard/3 
md-hard/4

ior-easy 
ior-hard/0 
md-easy/0/0 
md-easy/1 
md-easy/1/2 
md-easy/2/1 
md-easy/2/2 
md-hard 
md-hard/2

ior-easy/0 
ior-easy/1 
ior-hard 
md-easy/0 
md-easy/1/1 
md-easy/2/0 
md-hard/0 
md-hard/5

find md-easy -name 1  

 md-easy/0/1 
 md-easy/1 
 md-easy/2/1 
 md-easy/1/1



Madfs-find

dir = opendir() 
ioctl(dir.fd, MADFS_FIND_LIST, filter_json) 
loop: 
    dent = readdir(dir) 
    print(dent.d_name) 
closedir(dir)

ioctl(dir.fd, MADFS_FIND_COUNT, 
      filter_json, &result) 
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Madfs-find
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IO500 新测试

• ior-rand 
4K随机读写

• find-easy/hard 
查找过滤条件

• mdworkbench 
更真实的mdtest 
侧重时延
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Part3
打榜 II
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坏耶
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内存泄露
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+4MB/s

死循环 
？？？



Push
Vec
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IOR 打溢出了
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准备出差
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圣地巡礼
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SEE YOU AGAIN

60



0

5000

10000

15000

20000

10-31 12-01 05-30 31 2 3 4 7 8 9

17,435

14,018

9,683
10,607

7,043

增⼤规模

61



⻓尾问题

磁盘IO

Stonewall @ 30sBegin End

ior-easy-write
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实际计分带宽

理论带宽



群魔乱舞
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特殊处理 sync
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Sync⽹络 IO

sync
syncsync

write

write

⽹络 IO

write
write

write
write

sync

优化前 优化后



特殊处理 sync
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Stonewall @ 300s End

磁盘IO
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元数据性能回归

• 开了过多协程同时执⾏ 
tag_recv

• 导致 tag match 开销⼤增
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科学的带宽
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不科学的带宽
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最终提交结果（全系统）

• 客户端：512 节点 x 72 进程 = 36864 进程
• 服务端：512 节点 x 24 进程 = 12288 进程
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最终提交结果（10节点）

• 客户端：10 节点 x 180 进程 = 1800 进程
• 服务端：50 节点 x  24 进程 = 1200 进程
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扩展性提升
Score/Node
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Madfs-Find
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Q&A
• 为什么 IOR easy ⽐ hard 性能低？ 

(transfer_size: easy=4700800, hard=47008)
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Easy < hard?
BW

 (G
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仅当规模很⼤时 
才会出现的现象



更多实验
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300 nodes x 72 clients 

349 nodes x 72 clients 



更多实验
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503 nodes x 24 clients 

503 nodes x 48 clients 
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• 如何保证数据持久化？
• 如何区分 production / benchmark 系统？
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完结撒花 🎉
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国外舆情⼤赏
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IO500 官⽅带货
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UCX 很开⼼
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⻜得太远了
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完全的⿊⻢ ？？
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Steal MadFS
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⿊转粉？

115



把榜打裂了
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MadFS
还开源吗？

https://github.com/madsys-dev/MadFS
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https://github.com/madsys-dev/MadFS


还打不打了？
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Part4
MadFS 未来发展计划
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MadFS
为了性能牺牲了什么



牺牲功能

121

路径 服务端存储全路径 ⽬录逐层引⽤

Lookup ⼀次查询 多次路径解析通信

Find 服务端，完全并⾏ 客户端，负载不均衡

Rename 需要移动数据 O(1)



牺牲⼀致性
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⽂件⼤⼩ 每次写⼊更新 关闭⽂件时更新 不在元数据中存

并发
随机写

元数据写冲突 ⽆开销 ⽆开销

并发
追加写

正确 写覆盖 需⼴播查询

查询⼤⼩ 强⼀致
同时打开⽂件时 

不⼀致
需⼴播查询



DAOS
Distributed Asynchronous Object Storage
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核⼼卖点
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应⽤层



对象存储模型

数据分布

键值存储

对象存储

数据模型

⽤户管理
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POSIX ⽂件系统

⽂件

⽬录

0

1

2

file1

file2
Object

DKEY

AKEY

Single Array

mode
oid

xattr

…
…

…

Chunk0

Chunk1

Chunk2

…
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对象的物理存储结构

Key-Value

B+树

Key-Array

EV树 
(R树变体)
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🤔
看起来挺简单的？
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再加上副本

DAOS 使⽤基于 2PC 的三副本容错
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再加上 SPDK

DAOS 使⽤ SPDK 存储⼤块数据
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再加上分布式共识

DAOS 使⽤ Raft 维护集群配置信息
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再加上分布式事务

DAOS 使⽤基于 MVCC 的分布式事务
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再加上放置算法

DAOS 使⽤⼀致性哈希计算副本位置
134



再加上错误恢复

DAOS 使⽤ @#%¥*%…# ⽅法恢复数据
135
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MadFS v2
咋做啊？
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MadFS v2
还是接着打榜吧
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感谢

陈康 ⽑晗扬刘艺源

鹏城实验室华为公司
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感谢

和

您清华⼤学学⽣
⽹络与开源软件协会
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