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NVMeDirect 2.0 SPDK

Developed by Computer System Labs @ SKKU Intel
* Memory mapping * DPDK
Key components : £
y P * loctl() * libpciaccess
* Access in user-space * Access in user-space
* Partition-level management * Device-level management

* Co-existence with kernel driver

* User-level filesystem: ForestFS * User-level filesystem: BlobFS
- Supports directory structures - Supports only a flat namespace
- Supports SYNC/ASYN APIS - Supports SYNC APl only
- Supports writing to any offset of file - Do not support in-place update
Framework features * User-level page cache * NVMe-oF support

* 1/0 function wrapper
* Support for various I/O engines
- Can be used with SPDK storage engine

PP SNVMeIRana9g LY
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# Kemel /O mSPDK = NVMeDirect = Kernel /O mSPDK  © NVMeDirect
(a) Random read performance comparison. (b) Random write performance comparison.

[1]H. Kim, Y-S. Lee, and J.-S. Kim, “NVMeDirect: A User-space I/O Framework for

n; Nankai - Baidu Application-specific Optimization on NVMe SSDs,” Hotstorage, 2016.
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Guest kernel
VirtlO driver

VirtlO device
BlockBackend

Block layer QEMU

QCowz2

Host kernel

vfio-pci.ko

nvme.ko

IOPS Improvement over Linux-aio

(I0PS) Relative
rand-read-1-req +12%
rand-read-4-req +20%
rand-write-1-req +22%
rand-write-4-req +12%

rand-rw-1-req +3%
rand-rw-4-req +22%

IR R ERFTAZNVMelRs1EZ 1R B FSHIVFIONKE] |,

{(EXNEEIRERAEIQEMURR,

F. Zheng and S. S. Engineer, “Userspace NVMe Driver in QEMU,” KVM Forum, 2017.
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Figure I: NVMe virtualization comparisons.

Parallel and Distributed

Software Technology Lab

(1]

Nankai - Baidu
Joint Laboratory

= Native mmdev = SPDKvhost-scsi ®SPDK vhost-blk m®virtio = Famz

-

150% ‘ =

gmo«e =

B 90%

N 60%

]

£ 30%

2
rand-read rand-write rand-read rand-write rand-rw rand-rw
iodepth=1 iodepth=1 iodepth=32 iodepth=32 iodepth=32 iodepth=32
jobs=1 jobs=1 jobs=4

jobs=4 jobs=4

read 70%

jobs=4
write 30%

(¢) MDev-NVMe ™~

XFMERERYT , (BREXET
QEMURSREREEE.

B. Peng, “MDev-NVMe : A NVMe Storage Virtualization Solution with Mediated,” 2018.
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Intel’s Optane NVMe SSD

Intel’s Optane DC
Persistent Memory

Usages:
A
Interfaces: /Dll\/ll\/l /PCI—e\ /SATA\
Memory: DRAM Persistent NAND HDD
Memory Flash

Byte-addressable

C Non-volatile
& non-volatile

Byte-addressable

3D XPoint
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Raw Device File API File API Load/Store User
Access Space
Management Library
L S N -
File System pmem-Aware -
t File System
2 N e
Kemel
> NVDIMM Driver Space
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THEPERSISTENTMEMORY DEVELOPMENT KIT - PMDK
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RDMA - #28Y(Remote) DMA

CPU Buffer 2
7

Buffer 1 CPU

[ NIC
(RDMA Engine)

NIC
(RDMA Engine)

\4

[o———

Src Address Host A
—> (3) RDMA

1. CPUs program NICs
2. NICs transfer data
3. NICs notify CPUs when done

—————————————— ————————————————— ] ———————————— —————————— —— ——————— )

5TCP/IPfELL :
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: Dst Address Host B : I :
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RDMA — FEHFOMY

RDMA application/ULP

Software R

Y

Typically hardware

A
IB transport IB transport
protocol protocol

IB network layer IB network layer E
IB link layer Ethernet link layer Ethernet link layer
4
RoCEv1*

InfiniBand*

=RDMAAPI (mbs)}

RDMA software stack

IB transport iWARP*
protocol protocol

TCP

Ethernet link layer

RoCEv2* iWARP

Key: IBTA |EEE/IETF

R

InfiniBand
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RDMA — (&7

+* SEND/RECV - similar to “normal” TCP sockets

—each send on one side must match a recv on other side

“* WRITE/READ - only in RDMA

sender

user
registered
virtual
memory

rdma_post_send()

receiver

rdma_post_recv()

registered

user

virtual
memory

(5é1d passivelii JCPUFI N #%, passive Ui P4 BE /& active i 1Y 515 2))

—Write: “pushes” data into remote virtual memory

—Read: “pulls” data out of remote virtual memory

active

user
registered
virtual
memory

rdma_post write()

passive

P
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user
registered
virtual
memory

active

user
registered
virtual
memory

rdma_post_write()

passive

[1]Introduction to RDMA Programming, Robert D. Russell, IOL '12
[2] M. Su, M. Zhang, K. Chen, Z. Guo, and Y. Wu, “RFP: When RPC is Faster than Server-Bypass with RDMA,” EuroSys, pp. 1-15, 2017.
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NVMe over Fabrics (NVMe + RDMA)

host side target side

Fio (dev/nvmeXnY)

userspace . _userspace _ _ _ _ o o o e
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A 4
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- ]
File System 'T‘ \Wsubmit 10 request
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NVMe_RDMA = RDMA Stack - Transport Fabric i SCsl SATA NVMe_PCI

(a) NVMe-over-Fabrics Stack

KKk H: Z.Guz H.H.Li, A. Shayesteh, and V. Balakrishnan, “NVMe-over-Fabrics Performance
n; Nankai - Baidu Characterization and the Path to Low-Overhead Flash Disaggregation,” Systor ‘17, no. May, 2017.
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NVMe over Fabrics (NVMe + RDMA)

[ 6-61
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Figure 2: Maximum achievable throughput (in
IOPS) for DAS, NVMYf, and iSCSI.
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Figure 3: Host CPU utilization for DAS, NVMIf, and
iSCSI.

[1] RN HSSD: [EARAFZOHER . TR Sk )
[2] Z. Guz, H. H. Li, A. Shayesteh, and V. Balakrishnan, “NVMe-over-Fabrics Performance Characterization
and the Path to Low-Overhead Flash Disaggregation,” Systor ‘17, no. May, 2017.




SETPMIHZ S Octopus (PM + RDMA)
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SETPMIHZ S Octopus (PM + RDMA)

1. Serverj = hash(“/home/a”). 1. Serverp =hash(“/home/b”).
CLIENT1 CLIENT2
'y 24
P | Create(“/home/a”). P | Read(“/home/b”).
5. Return result. 4. Retum file address.
4. Collect, OV A 4

Dispatch.

metadata metadata metadata metadata

= == — e — — — - ————

l -
Q- [ —
[ .
- RDMA - RDMA MA
Server; Server; Server

| _ IShared Persistent Memory Pool [JilJShared NVM Private NVM

Figure 2: Octopus Architecture

[1]Y. Ly, J. Shu, Y. Chen, and T. Li, “Octopus: an RDMA-enabled Distributed Persistent Memory File
n; Nankai - Baidu System,” 2017 {USENIX} Annu. Tech. Conf. ({USENIX} {ATC} 17), pp. 773-785, 2017.
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SETPMIHZ S Octopus (PM + RDMA)

Client 1 Client 2 Client 3 Server Client 1 Client 2 Client 3 Server
| NIC CPU MEM | NIC CPU MEM
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Figure 5: Comparison of Server-Active and Client-
Active Modes
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SETPMIHZ S Octopus (PM + RDMA)

Client Server
User Space Buffer User Space Buffer
T 5 H 3
message buf buf message page
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Figure 4: Data Copies in a Remote I/O Request

X F—IRHFIOTEK

« (EZHIGIusterFSEEIN T 70X ;

 Crail (PM-aware + {EFM&1%) ¥ T 6)X;
« Octopus (PM-aware + RDMA{EH) ¥ 14K,

D Parallel and Distributed
Software Technology Lab

n; [1] Y. Ly, J. Shu, Y. Chen, and T. Li, “Octopus: an RDMA-enabled Distributed Persistent Memory File

Nankai - Baidu System,” 2017 {USENIX} Annu. Tech. Conf. ({USENIX} {ATC} 17), pp. 773-785, 2017.
Joint Laboratory




SETPMIHZ S Octopus (PM + RDMA)
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Figure 9: Data I/O Throughput (Multiple Clients)
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[1]Y. Ly, J. Shu, Y. Chen, and T. Li, “Octopus: an RDMA-enabled Distributed Persistent Memory File
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