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3a StorPool

e bubnrapcka dupma ocHoBaHa 2011 r. gocTaBsilia CO6GCTBEH NPOAYKT
Ha rnobdanHu KINMeHTn

"StorPool is built from the ground up to provide public/private
cloud builders with the fastest and most reliable
software-defined storage solution on the market!"

e ®okyc Bbpxy Modern IT use-cases — KVM, Kubernetes (still supports
legacy VMware/Hyper-V/XenServer, etc. stacks

e Considerable scale - Petabytes of data and thousands of servers in
production

e [loTpebuTten u cbagaten Ha open source codhTyep
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[1a mepnm BAPHOTO HELLO

e Cucremara moxxe nm ga nogavprxa 1000 TPS n kak ce
AbPXW NpyY TaKkoBa HaToBapBaHe?

e Kosiko TPS MoXe fa AOCTUrHe cuctemarta U Kak ce
ABbPXXU NPU MaKCUManHo HaTtoBapBaHe?

e (OueBMAHO pasnnM4HU BbNpocu!
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CrtatncTtuka
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Crtatncrtuka

e 1 npoba (sample) He e JocTaTbyHa

e cpeaHaTa CTOMHOCT?

e 90th percentile?

® 3bpHEHa cTaTucTmka™ - "'rnegam ymcnarta n Mu

narnexpaa, ye e okono 100" - not ok

StorPool
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Complex systems

e AKO 3HaeM Kak ce AbpXW eflHa cucTema, Janm MOXXeM aa
npeaBMANM KakK LLe ce AbpPXK apyra cuctemMa, Kosito e
"nopo6Ha"?

o AKO CMeHMM MpexaTa C No-6bp3a KakBo Lie cTaHe?
o AKO CMEHUM UCTUHCKOTO npunoxwue u load cbe
synthetic benchmark, konTo npaBu Hewo NOAO06HO

e B obwma cnyyan He!
e B yacTHu cnydaun fga c "'nscnenBaHe Ha NPOCTPaAHCTBOTO'
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Scheduling & preemption

Bcekn noTpebuTtencky NpoLec ce N3nbJHABA Ha AP0 BPEMEHHO.
Mo>ke No BCSAAKO Bpeme A4poTo Aa HU TpsibBa 3a APYro U Aa cnpemM noTpeobutenckms
npouec (preemption, migration)
Moke npoueca aa Bnese B 6nokupaly call (cnaHe nnu nsyakeaHe Ha |0).
Mo>ke kernel-a ga npeueHu 4ye nma aga CBbPLIM HAKakBa background paboTta Ha
CbLoTO AApo. (softirq)
BaBHO 1 ckbno. 3a a ce n3berHe:
- TpAAGBA Aia MMaMe No-Masiko NMpoLecu/HULLIKKM OTKOJIKOTO siapa - Cpu pinning,
event-driven worker architecture
- TpAbBa Aa He CnNuUM 1 Aa He Bnsame B 6510kupalm (CMHxpoHHMK) calls - polling, async
10
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Kernel space vs user space

Kernel

User

programs -
executing code

\

virtual addresses

Page table

- Mapping from
virtual address
space to physical
address space

- Radix tree data
structure

- maintained by
kernel

- Every CPU core
has specialized
hardware for
access and
caching (page
walkers, TLBs)

physical addressés

Device memory

data structure -
flags and pointers

CPU memory:
DRAM, PM

hardware, memory




Kernel space vs user space
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Kernel space vs user space

Kernel
ES
User
programs -

executing code

virtual' addresses

kernel data and
memory-mapped
devices

user process' code,
data

physical addresses

Device memory

data structure -
flags and pointers

CPU memory:
DRAM, PM

hardware, memory
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Ping

[root@cnl ~]# ping -s 1000 10.5.41.12
(10.5.41.12) 1000(1028) bytes

PING
1008
1008
1008
1008
1008

10.5.41.12

bytes
bytes
bytes
bytes
bytes

from
from
from
from
from

10.5.41.
10.5.41.
10.5.41.
10.5.41.
10.5.41.

12:
12:
12:
12:
12:

icmp_seq=1 ttl=64
icmp seq=2 ttl=64
icmp_seq=3 ttl=64
icmp seq=4 ttl=64
icmp_seq=5 ttl=64

--- 10.5.41.12 ping statistics ---

5 packets transmitted, 5 received, 0% packet loss, time 3999ms

rtt min/avg/max/mdev =

119 us

of data.

time=0.135
time=0.116
time=0.119
time=0.115
time=0.112

0.112/0.119/0.135/0.012 ms

ms
ms
ms
ms
ms
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Syscalls
©9:32:51.031128 socket(AF_INET, SOCK RAW, IPPROTO_ICMP) = 3

09:32:51.032082 sendto(3, "\10\eD\307a"..., 1008, 0,
{sa_family=AF INET, sin_port=htons(9),
sin_addr=inet_addr("10.5.41.12")}, 16) = 1008

09:32:51.032157 recvmsg(3, {msg _name={sa_family=AF_INET,
sin_port=htons(©), sin_addr=inet_addr("10.5.41.12")},
msg _namelen=128->16,

StorPool
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Ping c no-manko npucnmeaHe u cbOyxgaHe

[root@cnl ~]# ping -f -q -c 1000 -s 1000 10.5.41.12
PING 10.5.41.12 (10.5.41.12) 1000(1028) bytes of data.

--- 10.5.41.12 ping statistics ---
1000 packets transmitted, 1000 received, 0% packet loss, time 92ms
rtt min/avg/max/mdev = 0.080/0.081/0.124/0.010 ms, ipg/ewma 0.092/0.082 ms

81 us

StorPool
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Beyond syscalls

Alice: Hey Bob, we have the most important development in
practical OS architecture since syscalls in the 1970s!

Bob: What did you call it?

Alice: "io_uring". Obviously. Because it is for 10, and it is a
ring, and it is for talking to userspace.

Nobody ever: That's a good name.

StorPool
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lo_uring

e Modern hardware-alike and hardware-friendly

user-kernel interface

e Since Linux Kernel 5.0 (Mar 2019)
e Alternative to syscalls
e Shared memory between user and kernel

o submission queue (ring buffer)
o completion queue (ring buffer)

StorPool
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10_uring

Faster syscalls using
shared ring buffers

Send and completion ring buffers
Allows /O to be batched and async

Primary use cases network and disk 1/0

LISA21 Computing Performance: On the Horizon (Brendan Gregg)

Apps

A

syscalls

l0_uring

Kernel
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lo_uring OPs

IORING_OP_NOP,
IORING_OP_READV,
IORING_OP_WRITEV,
IORING_OP_FSYNC,
IORING_OP_READ_FIXED,
IORING_OP_WRITE_FIXED,
IORING_OP_POLL_ADD,
IORING_OP_POLL_REMOVE,
IORING_OP_SYNC_FILE_RANGE,
IORING_OP_SENDMSG,
IORING_OP_RECVMSG,
IORING_OP_TIMEOUT,
IORING_OP_TIMEOUT REMOVE,
IORING_OP_ACCEPT,
IORING_OP_ASYNC_CANCEL,
IORING_OP_LINK_TIMEOUT,
IORING_OP_CONNECT,
IORING_OP_FALLOCATE,

IORING_OP_OPENAT,
IORING_OP_CLOSE,
IORING_OP_FILES_UPDATE,
IORING_OP_STATX,
IORING_OP_READ,
IORING_OP_WRITE,
IORING_OP_FADVISE,
IORING_OP_MADVISE,
IORING_OP_SEND,
IORING_OP_RECV,
IORING_OP_OPENAT2,
IORING_OP_EPOLL_CTL,
IORING_OP_SPLICE,
IORING_OP_PROVIDE_BUFFERS,
IORING_OP_REMOVE_BUFFERS,
IORING_OP_TEE,
IORING_OP_SHUTDOWN,
IORING_OP_RENAMEAT,

IORING_OP_ UNLINKAT,
- - StorPool
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lo_uring

e Modern hardware-alike and hardware-friendly user-kernel
interface

... and more;:

Linked commands

Restrictions

SQ/CQ polling

io_context polling

Registered buffers, registered file descriptors
Eventfd integration

StorPool
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[Mogo6Ho Ha vhost, HO 00 O-NMPUNOXNUMO

GUEST

HOST

Operating System

irtio Driver

£"4 StorPool
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Kernel bypass

i N\ ' N\

user user

| file system |
| TCP/IP | | buffer cache |

i J \ | driver | | driver | )

Y v
kernel kernel
| file system |
| TCP/IP | | buffer cache | [driver |
| driver | | driver | —
[ IOMMU
'network disp .network disk
interface interface
h hw hw
w hw

StorPool

DISTRIBUTED STORAGE



32

Kernel bypass

e MEeCTMM JpanBepuTe, MPEXOB CTeK, hannoBa CUCTEMA, T.H. B

user space

e 06e30MacHOCT/cUrypHoOCT/n3onauus ¢ dukcmpaHa namer

(pinned, unswappable, huge pages), IOMMU, PCI ACS

e Hardware virtualization, SR-IOV, VFs
e vfiodriver
e DPDK, SPDK, FD.io, Snabb, other frameworks

e Example: OVS-DPDK (VM networking)

StorPool
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Kernel bypass

[root@cnl ~]# /usr/lib/storpool/storpool ping -s 1000 c12
netd/0/0: reply from 32780: 0.022 ms

netl/1/1: reply from 32780: 0.027 ms
nete/0/0: reply from 32780: 0.015 ms
netl/1/1: reply from 32780: 0.019 ms
net@/0/0: reply from 32780: 0.017 ms
netl/1/1: reply from 32780: 0.021 ms
net@/0/0: reply from 32780: 0.016 ms
netl/1/1: reply from 32780: 0.019 ms
net@/0/0: reply from 32780: 0.015 ms
netl/1/1: reply from 32780: 0.018 ms
nete/0/0: reply from 32780: 0.016 ms
netl/1/1: reply from 32780: 0.020 ms
~C

--- ping stats ---

netd: 6 packets transmitted, 6 received, 0% packet loss
net@: rtt min/avg/max 0.015/0.016/0.022 ms
netl: 6 packets transmitted, 6 received, 0% packet loss
netl: rtt min/avg/max 0.018/0.020/0.027 ms

StorPool
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user
kernel
TCP/IP
\_ driver
network
interface
hw

user
other
fabric
MPI user
“fabric” library |
direct
read/write
queu.e from/to
pair process i
memory (
kernel
ubD RDMA
driver
ucC RC /@

low level
network proto
network interface
hw
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e Example: OVS-DPDK (VM networking)

RDMA

e MecTuM MpexoBus cTek B KapTtaTa (NIC, HCA)
e JaBaMe Ha BCEKU NpoLiec oTaenHa aABorika onatuku (QP) -

send queue, receive queue, 3a KOMaHAU N CbOUTUA OT/KbM
MPEXOBUSA CTEK

® CUTrypHOCT/M3onaums ¢ pukcupaHa namMmeT, peructTpmpaHa B

KapTaTa

e Infiniband, RoCEv2, Omni-Path™, Amazon EFA™
e OpenFabrics Aliance, OFED, OFl

StorPool
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Koe kora

e io_uring - NOBeYeTO NpUoXeHus. Bcekn, KOUTO B MOMeEHTaA

nonsea async io nog Linux.

e Kernel bypass - peaku 1 cneyuanmsmpanm cnyyau, KoraTto

MMa rnossa oT 3aobukanaHeTo Ha kernel-cknsa MpexxoB CTek U
dannoBa cuctema. Hanp. StorPool.

e RDMA - HPC clusters? Al/ML use-cases, especially w/ GPUs?

StorPool
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https://storpool.com/force



