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FhEIERErEtR

#EIR (Latency) Fepi—Ri{ERIRTIEL,

e (Bandwidth) i&/5i&ERE |, BHEERIAIMB/s 5% GB/s,

IOPS (I/0 operations per second) S#AJIRIEEL

DRAM + 1 HDD/SSD
o HFARAE =he
FEIR ~100 ns 10us ~ 10ms
BT ~20 GB/s 120 MB ~ 2.5 GB/s
BEETR ~13.5 GB/s 80 MB ~ 2.2 GB.s
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FHEMEBE -- fiollliz(FEIR

(=R/V)FER (Latency) ZEpi— KiB/ERYRTIEL.

fio SEREIRFIA -

[globall]
filename=fio_testdata
size=20G

runtime=30
ioengine=1libaio
direct=1

ramp_time=10 # start measuring after warm-up time

[read]
readwrite=randread
blocksize=4K
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ZhE%EReE -- flolllilF

c

e (Bandwidth) i&/5i&ERE | EHEE{RIAIMB/s 5% GB/s,

fio I ERBIAS
[global]
filename=fio_testdata
size=20G
runtime=30
ioengine=1libaio
direct=1
ramp_time=10 # start measuring after warm-up time

[read]

readwrite=read

numjobs=16

blocksize=64k

offset_increment=128m # each job starts at a different offset
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TZAEMERE -- fioFKIOPS

IOPS (I/O operations per second) S AIIRIESL,

fio EEIOPSHIA -
[global]
filename=fio_testdata
size=20G
runtime=30

ioengine=1libaio
direct=1
ramp_time=10 # start measuring after warm—-up time

[read]
readwrite=randread
numjobs=64
blocksize=4K
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HDD #&1/04%8E

«  PFRFRHDDRYBEL/ I
(SCSI%E) (SATAZE)
Cheetah  Barracuda
R;/0 Random  10.66 MB/s__0.31 MB/s _,

Rr/o Sequential ~ 125MB/s 105 MB/s

HDDBEHIEE ERERE !

- HDDFEIEEIERERE
TI/O = Tseek + Trotation + Ttransfer

\ N — == .
« PEHLEBER T
Tseerk =4 ms, Trotation = 2 M8, Tiransfer = 30 microsecs
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SMR HDD #£21F(E/R1E

Conventional Writes
Erase Band

SMR Writes

Reade

Reader -

ERilfhcx HDD

Shingled Magnetic Recording (SMR) HDD
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SMR HDD #£21F(E/R1E

A
Updating a band with new data SNIA.

Education
q:| Track N
Track N+1
Track N+2
— Track N+3

1. Read old data
Old Track N  Data
Old Track N+1 Data
Old Track N+2 Data
Old Track N+3 Data

Shingled Magnetic Recording — Models, Standardization, and Applications 16

© 2014 Storage Networking Industry Association. All Rights Reserved.
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SMR HDD #£21F(E/R1E

A
Updating a band with new data SNIA.

Education
q:| Track N
Track N+1
Track N+2
Track N+3

1. Read old data
Old_ Data 2. Merge with new data
Old Track N+1 Data
Old Track N+2 Data
Old Track N+3 Data

Shingled Magnetic Recording — Models, Standardization, and Applications 17

© 2014 Storage Networking Industry Association. All Rights Reserved.
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SMR HDD #£21F(E/R1E

A
Updating a band with new data ;SdNIA,.
ucation

O po—

Restored

Restored Track N+1 Data

Restored Track N+2 Data
Restored Track N+3 Data

1. Read old data

Old- Data 2. Merge with new data

Old Track N+1 Data 3. Write new data, refreshing old data

Old Track N+2 Data
Old Track N+3 Data

Shingled Magnetic Recording — Models, Standardization, and Applications
© 2014 Storage Networking Industry Association. All Rights Reserved.
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SSD FTLEROP

CHO CH1 CH2 CH3

5 3 7 11 )

Block0 | 13| 17| 21| 14| 18] 22| 15| 19| 23| 16] 20| 24
- << - B - o 2 .
25| 20| 33| 26| 30| 3a| 27| 31| 35| 28] 32] 36 %F’L\,\?Em’—ﬁ block O EF'EI’\JE—page .
37| 41| 45| 38| 42| 46| 39| 43| 47| 40| 44| 48
Block 1 | 49| s3| 57| so| sa| ss| si| ss| so| s2| se| 60

61 f5 69| 62 (:6 70 63| 67| 71| 64| 68| 72 1) BlOCk SZ:ﬂEOP, jiﬁ'éééim
;_j 77| 81 74| 78| 82| 7S 9| 83 76| 80| 34 %giiblock OE|:|9/|\page§|JbUffer,

Block 2 85| 89| 93| 86| 90| 94| 87| 91| 95| 88| 92| 96

97| 101 [ 105] 98| 102]106] 99] 103 107] 100] 104 108 1I§EQHE|:I]_/|\page , Bgblock 0,
109 113 117] 110 114] 118] 111] 115 119] 112] 116 120 — -
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133 137 | 141 [ 134 [ 138 [ 142 [ 135 [ 139 | 143 [ 136 | 120 144
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SSD B9 I/Ot4BE

Intel SSD 750 &%

rE J 400GB 1.2TB
AME RS 2.5"15mm SFF-8639 or PCle Add-In Card (HHHL)
PR PCle3.0 x 4-NVMe
il 4% Intel CH29AE41ABO
NAND Intel 20nm 128Gbit MLC
Py 155 2200MB/s 2400MB/s
Iy 55 900MB/s 1200MB/s
4KB Bfif/Lisk 430k IOPS 440k IOPS
4KB FfiFLE 230k IOPS 290k IOPS
2 INIIFE 4W 4W
B TFE OW/12W 10W/22W
g Ay N/A
1 5 70GB Writes per Day for Five Years
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PMFiE R SR E)RE

\EEEPMAHEE TR,
£ T B RER I R SR FAPMETE 240, Bl D4

—HE i
AR — 2 a8,
% L X TS

PM fRigiRa PM #UE4H PM 77 R4
- | Persistent RB-tree [7] (2018), XFFEY: SoupFs [15] (2917). Octopus [16] (2017).. NOVA [17] [18] (2016),
Giles % [2] (2018), , - Sehgal %5 [19] (2015), PMFS [20] (2014).

o Persistent B+-tree [8] (2018), . i L .
Sorin % [3] (2017), KV 7#fi#: NoveLSM [21] (2018), HiKV [22] (2017), PapyrusKV [23] (2017),

- Persistent lock-free queue [9] (2018), .
Giles % [4] (2015), Persistent Memcached [24] (2017), UDORN [25] (2017), MetraDB [26] (2016).
BzTree (10] (2018), WORT [11] (2017),

Zhang “% [5] (2015), i HMFELG: NV-Dedup [27] (2018), DBMS 7/ PM [28] (2018), SwapX [29] (2017),
s ,[)]_( °) FPTree [12] (2016), NV-tree [13] (2015), N edup [27] (2018), : | (2018), SwapX [29] (2017)
Caulfield 7§ [6] (2010). B+tree [14] (2015) PM Bt cache [30] (2017), PM {7 extd JCEUHE R [31] (2017),

r r 4 . .

FEESEEERE PM 7f extd JCEUE [32] [33] (2016), PM {# Ceph SCE [34] (2015)
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Stores to pmem
from application

MOV

P
+

4

CPU

Caches

Power fail =
protected .
domain:
Memory

subsystem 1

- (BHREFEIRERISAL

Cachelinefqll##

Z< 1I1: x86 “J-55 cacheline Jfl#f54

&S 15 BB
CLFLUSH JUFERTA CPU &34, HIRAEEMIFLM, SrhsT

CLFLUSHOPT + SFENCE

CLWB + SFENCE
NT stores + SFENCE
WBINVD

tt CLFLUSH #r, {H2AZBTiTn, K@% SFENCE

tHXf CLFLUSHOPT, ®RAERIA PM JG{58kik cache fRFEFAR, i rEBT AR L i & 7T LASR T RE

[l non-temporal store, EfE#ki cache [ store g4, A AST Zkl#Hr cache
HAETEWNAZEUH ., #Are CPU 1 cache I PM, —AH, Ki¥nattaE
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~

Applications
(User Land)
NVDIMM | '-
Driver 'dev/pmem(
(Kernel) ‘_ ,
Hardware Namespace0.0

- Persistent Memog DIMMs I

oL BiEFIEAPM-aware FS
S8 _FERPMDKEi%:

Yfsdax namespaced] A& L

PM-aware File System
(extd4, XFSER374)

_ devdax, fsdax,
ZfnamespacelRzll: sector, raw, kmem

XJapp-direct regionB]$3namespace
(SRS XS

r memory mode ( AIEESH )
3ffregion {

(pmct TEETE) app direct (interleaved)

_app direct (not interleaved)

(Interleaved)
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PMIERE RGO - EEHAFA

app- app- app- app-
memory- . . . R
€ g y direct direct direct direct
mode {EE ¥ numa {E(&ZriAE {EPM-aware FPMDK
nodeN7E FS
memory
Region mode app direct app direct appdirect app direct
interleaved
Efcrfottinterleaved)
namespace kmem sector fsdax fsdax /
devdax
= t4-dax /
= extd-dax/ %
YIRS "' xfs-dax /
3 RS é _
YIEZRG xfs-dax o fe
BRESEE PMDK
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Thanks! Questions?
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[1] The History of Computer Data Storage, in Pictures, https://royal.pingdom.com/the-history-of-computer-data-
storage-in-pictures/

2] (KEFE2 FERREE S EERIERRSINTY

3] (RNIZHSSD : BEISEEZORR, [REESSLAL)

[4] FEEERVTRMERIEFIIEREEM), https://blog.csdn.net/shaochenshuo/article/details/72821089

[

[

5] https://www.slideshare.net/youthmirza/hard-disk-32607833

6] {Operating Systems: Three Easy Pieces) , Remzi H. Arpaci-Dusseau and Andrea C., Arpaci-Dusseau, Arpaci-
Dusseau Books , March, 2015 (Version 0.80)

[7] A. Aghayey, T. Ts'o, G. Gibson, and P. Desnoyers, “Evolving Ext4 for Shingled Disks,” 15th USENIX Conf. File
Storage Technol. (FAST 17), vol. 2, pp. 105-120, 2017.

[8] https://www.snia.org/sites/default/files/Dunn-Feldman_SNIA_Tutorial Shingled Magnetic_Recording-
r7_Final.pdf

[9] https://software.intel.com/en-us/articles/quick-start-guide-configure-intel-optane-dc-persistent-memory-on-
linux

[10] D. J. Sorin, “Persistent Memory Programming,” Computer (Long. Beach. Calif)., vol. 50, no. 3, p. 12, 2017.

n; Nankai - Baidu
Joint Laboratory

Parallel and Distributed



https://royal.pingdom.com/the-history-of-computer-data-storage-in-pictures/
https://blog.csdn.net/shaochenshuo/article/details/72821089
https://www.slideshare.net/youthmirza/hard-disk-32607833
https://www.snia.org/sites/default/files/Dunn-Feldman_SNIA_Tutorial_Shingled_Magnetic_Recording-r7_Final.pdf
https://software.intel.com/en-us/articles/quick-start-guide-configure-intel-optane-dc-persistent-memory-on-linux

