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Abstract: In recent years, non-volatile memory express (NVMe), a new host controller interface

standard, has been adapted to overcome performance bottlenecks caused by the acceleration of
solid state drives (SSD). Recently, performance breakthrough cases over AHCI based SATA SSDs
by adapting NVMe based PCI Express (PCle) SSD to servers and PCs have been reported.
Furthermore, replacing legacy eMMC-flash storage with NVMe based storage is also considered

for next generation of mobile devices such as smartphones. The Linux kernel includes drivers

for NVMe support, and as the kernel version increases, the implementation of the NVMe driver

code has changed. However, mobile devices are often equipped with older versions of Android

operating systems (OSes),

where the newest features of NVMe drivers are not available.

Therefore, different features of different NVMe driver implementations are not well evaluated on

Android OSes. In this paper, we analyze the response time of the NVMe driver for various Linux

kernel version.

Keywords : NVMe, Storage stack, Latency, Linux
. M2
Ad) AFE Azdlo] 2T EY 45

*Corresponding Author (sslim@kookmin.ac.kr)
Received: May 12 2017, Revised: May 23 2017,
Accepted: May 26 2017.

I. Kang, Y. Joo, S. Lim: Kookmin University
% o] =R 20150 % A% (W& Ao
I ATAGS] A LS Wol FaE T xATAY
Q1 (No. 2015R1D1A1A0105831).

¥ B AgE nydEgsE W JRSAVEA
SAE S QECTATFAE S A Ao A
A2 Y535 (ITP-2015-0-00363).

% 2 ATE v FRASE L AREN7]ER
T SWEANSHAY Ao ATARR 4
A0S (R7116-16-1031).

# o] =2 2016 =g H A 2433 A7)
%3] B FAEEES| A “NVMe =efoln]

@ g2el WE /0 SHAR BAolgkE Alfe
2oy =% (115 &83 A

© IEMEK J. Embed. Sys. Appl. 2017 June 12(3) 139-147
ISSN : 1975-5066
http://dx.doi.org/10.14372/IEMEK.2017.12.3.139

wEEy] 9s) ZA wlEel 7]t SSD (solid
state drive)7} 7]¥ HDD (hard disk drive)& Ui

AstA o, Helelel, A A B AzE of
EeAolde] aFsE e £29 4EY 45

Ast7] 8 EAl SSD AHAQ] ATk A&
o7 A g HZolE ZYAl SSD A 9
d&8 A%o] 7]¥ AHCI (advanced host
interface)/SATA

technology attachment) 714k

advanced
S1E o] =

(serial

%%Eﬂ

controller

PCle 7lﬂu AAY AE
NVMe (non—Volatlle memory
W E 3 NVMe 7]8ke] SSD7}F
Al Za Tk, NVMe SSDE A,
A5 PColl =910 7]£¢] SSDEG
R F dgo] dFHAT [2]

71&°] ACHI RIE #o] 20 Hl&] W+
o] deetal ZREF oW =Tt A

on—:a
Aol FF9
express) 7]%9]
Aol EAIE7
Eﬂii’. =2

11

o



140

NVMe Zctold =& &alol HE

/0 YA 24

[

[ Applications (processes)

mmap
(anonymous pages)

S a a = % malloc
5 [ < = o z
8l 2l &l &l El
2y sy Sy @y gy Y v
VFS
Direct I/0 Page
(O_DIRECT) EE
stackabl i (optional)

BIOs (block 1/0s)

block devices

Devices on top of “normal”

BIOs (block 1/0s)

BIOS»L

»LBIOS

( Block Layer
1/0 scheduler blkmq
Maps BIOs to requests multi queue
hooked in
device drivers
queues
Hardware Hardware
dispatch dispatch
queue queues
¢ _4
Request Request

based drivers

a9 LoEss 2EeA A 72 (5]

based drivers

B
based|drivers

o telojae g

49

Fig. 1 Architecture of Linux storage stack (Modified version of diagram from [5])
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