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) it % 44 1. ER—HENRR (3)
» BERESIFRERTE

Extrapolation to 2020

(at 70% CGR - need
2 GIOP/sec _
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P F>kJs: Storage-class memory: the next storage system technology, IBM Journal
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172 2. AR ARBEIRAOHS (1)

= LIBEIT ZNARINTF A
o REIR. SFE. BELZEHRES:

Ay BE#L15E BEHLS 5 BHR
Fusion-10 10Drive2 480K IOPS 490K IOPS 3GB/s 2.5GB/s
Samsung 840 100K IOPS 78K IOPS 540MB/s 450MB/s
Seagate Barracuda 52 I0OPS 47 IOPS 156MB/s 156MB/s

v BRI BT

ZE RMB/GB RMB/IOPS
Samsung 840 256 GB 5.86 0.015
Seagate Barracuda 3TB 0.26 50

10



T2 2. RINEMEXMEE NS (2)

« BRI ZNARRNEFEAG
v AIEMS:

HDD MTTF = 500K Hours.
SSD MTTF = 2M  Hours.

source : SanDisk SSD: A More Reliable Alternative to the Laptop HDD , 2007

AN
v 1&% ﬁl:,%% - [SOSP’09 FAWN: A Fast Array of Wimpy Nodes. CMU]

System  Watts QPS Queries /Joule
2TB HDD 20 250 12.5
32GB SSD 15 35K 2.3K

11



T 2 BINERAREEENKE )

» AT REEFEINGFSHDDREZEEXTLEE
DRAM PCM NAND Flash HDD
e ey 0.81/GB 1J/GB 1.5J/GB 65J/GB
WIS LTy 1.2J/GB 6J/GB 17.5J/GB 65J/GB
Idle Power ~100mW/GB | ~1mW/GB | 1-10mW/GB | ~10W/TB
DIV % 106 - 108 104 - 105 =
FagE i 64B 64B 4KB 512B
Read Latency 20-50ns (64B) | ~ 50ns (64B) ~ 5ms (512B)
~1-3us (4kB) | ~3us (4KB) | ~25us (4KB) | ~40ms (4KB)
Write Latency 20-50ns (64B) | ~ lus (64B) ~S5ms (512B)
~ 1-3us (4kB) | ~ 64us (4KB) | ~ 500us (4KB) | ~ 40ms (4KB)
D LTy N/A N/A ~2ms N/A

Source: “Rethinking Database Algorithms for Phase Change Memory”, CIDR 2011, Intel 12




i 149, RINGEHEARREAERS (4)
o 7RfikLh

vV %8s (3 GB/s VS 150 MB/s)

v RRREN FERER. £RED (0.068w VS 8.77w)
v EFEVEEHIED (PClew DIMMs ...)

® RGN

v SHEE
v  OOBHIFI A
v ZFiBVER 830 : TRIM, atomic-write ...

® AN

v B EFAFRIERAR > EMEEA—H MR
v B{KAYLEIR (25 us VS 40 ms ) = FTAVEHIRE

1:CORFU: A Shared Log Design for Flash Clusters. NSDI’ 12, Microsoft
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2.1 FHESHNEE (1)

s NEEFEHEISE

vV EBSE

> ~
10N 071

Source: Desgin Tradeoffs for SSD Performance. USENIX’08, UWM

1.BEZSZRIRS] T INFRBRAIE, SATATR O AFHEIEER
AL o

LU RGANKNRGRY, XIUBERRLHEITHL, BD
ZIRINTFE, BEMERLUSEIR T L&,
3ASFHNFIEER, AEFMAENZERNTTEMAZFEIR.
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2.1 FHESHNEE (2)

-Nﬁﬁ%%ﬁ%
v PCle A5+ A8
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o ey
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I, ZEENSSE AT AR

2. BEFIFEMM T & BB
1

3. FIF SRS, TSNS
N BT S, Bl
KWEES, EKE®

4y FEREBHIR IS BFHA R
#, BB

5 22 4 (5]

o WLSIHMIEMEENT RAGFHLS

o MLLTREISE, FRMELREKK

Storage
Swicth  RAID Commoller  SSD

:ﬂﬂ;g

Server Metwork

Applicasion, P HBA
Application

- = 1 e
—N S = N
13 = {3 11 = T

~<.2

(a) 1/O path of the disk array

Server

Application CPU RAID-attached S5Ds
{15
;;i
Application
(b) 1/0 path of the PCle 35D

Server

Application CPU wDrive
Application
- i Z ‘ :
< -~

ic) 1/0 path of the FusionlO ioDnive

Source: Survey on Flash-Based Storage Systems. JCRD’13, THU
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2.1 FHESNEE (3)

-Nﬁﬁ%m S

v IN1ZRES
BT o amErmEERigt  ET2RERIINERR R

SSD = HDD IN#FE/ - HDD
AL F BT 25 EFTRIPESIT I 25

FER )

® LB Z, NI&GER
® FHLL#LEESI, BB ERIR
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2.1 FHESNEE (4)

s NEFER S
v BEF NGRS RERRS

FAWN': WEEZRLITRIAEZ RN
FEAESFRTE, DBHRER
REFE.

{35 CPU &ECPU
364 query/J >> 1.96 query/J

Gordon?: AIFNFCFHERFH L
4, CEAIRSEMAFESHBY
MRS REFE

24 N E|San Diego #EH L :
300TBAE, 340Tfps

1: FAWN: A Fast Array of Wimpy Nodes. SOSP’09, CMU
2: Gordon: Using flash memory to build fast, power-efficient clusters for data-intensive applications. ASPLOS'09, UCSD
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22 RGRENEE (1D

PEEF 5T BRiA e AR BB SR 8K, B4 FF 56 P o BB 51t S itk
. IREYEL, BRUEBFERRSEY, WEFiETSEEH50.3%,
PCIeNF R REZPHEFEL21.9%, BEENVMBI AR, Fiitic
4T $5 EE 514% /=194.09% .

8 O
A8, 10%
2 T, O
E‘! L :
B0
B
Z
s 40
A
19, 30% 21. 9% 21. 9%
W . ' 10, 40%
{0, 307
f] - - I = | :
= = =3 = = = 5 =
= = = = - = = =
S % E Iz = = = =
! P & f = -
= 4 % 2 = g
Device Type

1: Redrawing the boundary between software and storage for fast non-volatile memories.[OL] 2012-9-1, UCSD
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2.2 RERENEE (2)

= IBANFLE

s ) = (g | = &‘Wiﬁigg}ggﬁ\

= FHUERTR

< AEReEER, ETHEMNIOEERE, FAERTRNFIRT.

EXHRG R, BEXHRSGSAFEFERNFHRGED, AAFR

SEEEBRIESANYERIL, BEAXEREETOR, BT
B ERETH ST 44

o BHEO

TRIM: it T 8 8 ~MEREVIE X
atomic-write: /R FE#RIE.
PTRIM: = fHFEFAEMIFRIEN .
EXIST: MEHFEIFENM.

= SINFERO

v AtomicWrite / TxWriteZ 55¥& [

v

dm = S S X
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22 RGHRENEE (3)

-

O KT A TFHIKYV Store

- Eurosys’14 - FAST’16
- ASPLOS’14 - ATC’15
- FAST’17 - CODE’17
- DATE’14

o EFAGMNT RS
- FAST’13 - FAST’10
- FAST’14 - FAST’12
- FAST’15 - FAST’16
- DATE’14 - ATC’16
T e EFAEMERSE
- SOSP’09
- HPCA’11
- ICCD’13
— - TC16
o TR INTFHIE
- NSDI’'12
- SOSP’13
- ICCD’13

- IPDPS’14 22
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Tire: 22 RGRHNERZXHRSG (3)

s SSDNHRGHBERE _: HEETLR
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» SSDMHRGHEAEIRR = HFRRK

n A O] R

v BEEBENXREEM, NFBEITAIEMRER
v FARE: SLC(100,000)-> MLC (10,000)-> TLC(1,000)

» XNHRGEEREIING

NIk

s ANEIEHISCH RRE

5N

K A okiE: The Bleak Future of NAND Flash Memory, FAST'12
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Tiire: 22 RGRFNTERINHRG (5)
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B 41

e

= ————————— - - s Lt EEEDC ReconFS GBIEAXEE, FAST 14)
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» ABFEFRAETNEFRIE
o RAFREBERNETUEMIRANFOERES

60 -
| Il Sync Exi3 on PFTL
B Syvnc Ext2 on PFTL
%1 |HEE Sync Birfs on PFTL
E?J /I Sync OFSS
2%
g =
Eﬂ-ﬂl-
=
EEU‘-
o
o dUy
= |_m wl
0

iFhoto  iPages LAE-H-‘I LASR-2 LASR-3 TPC-C
Wiarkloads

o [FRHEWIRHAH20%ZE6.7E
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e
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22 RERBOTELXHRY (8)

L L L

IFMEKES

B Async Ext3 on PFTL
IR ~sync Ext2 on PFTL

{ | B Async Btrfs on PFTL

I Async OFSS

unititlln

iPhoto  iPages LASR-1 LASR-2 LASR-3 TPC.C
Workloads
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Tities 22 RGERHNEEZKVEEE (2)

s WiscKey—Key Values? B F{#HILSM-Tree (FAST’16)

. N 500+ < LevelDB ) Wisckay load 100 GB database
< LSM-tree IESRIRIER=E w0 _
FEENERKX. Esau- = _-_l | s
il ilrgE write dImpl ICATION
v Key ValuenfeEfi&. €3 a predl (12 to 16) in LevelDB
LSM-treefFfiEkey, {FH Log il
frfivalue. e '“53: P only 2 MBs to 4.1 MBs
4 g%gg;\;%, BL*}-L]'%E,‘J |‘$ v E;E EE::E-B 1|':7;E- 4|:';:B E-I':E ﬁ-ﬂKB ?EE-I{B
HbI_J ' ° Key: 168, Value: 848 fo 256KB
ey

-
/ SSD device \

LSM-tree Value Log

LSM-tree WiscKey 33
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BE LRI R
BT RFTLEYEO, BS5SFTLAR
B IThREFEHE BIFTL A SR 5ERK -

HKVEFZR% (ATC’15)

App

KV Store

FTL

Standard RAY Interface

* Others Subsystems

FTL
FEGIIKV R4t
FTL
= ose] [
EV Store

Others Subsystemns

FTL

NVMKV
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s FlashKV—ETHBUBIENTFRIKVZ % (CODES+HISSS’17)

v BPKVEERSG XERGESINE
HWFTL=&Z B Thee LT R, iH
MRKVARZSNEZERIENRS.
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X FFRIENIEXETES 2
AT HHARTHRRERE G

$Billions)

1. Gartner’s "Weekly Memory Pricing Index, 21 December 2012", G00247628
2. Gartner’s “"Market Guide for In-Memory Computing Technologies”, 2015
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