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Abstract With the rapid development of NAND flash memory technologies, replacing hard
disks with NAND flash based solid state disks (SSDs) has become a recently emerging trend in
computer storage domain. Nowadays, SSDs are mainly based on homogeneous NAND flash chips
such as single-level cell (SLC) flash chips and multi-level cell (MLC) flash chips. SLC and MLC
chips are distinctive in terms of capacity, performance, and endurance. Specifically, SLC has the
advantage of fast read/write, low power consumption and long life, and MLC has the advantage
of capacity units with low cost. Therefore, it is a promising method to design hybrid SSDs,
consisting of both SLC and MLC flash chips, to achieve a response time and lifetime as same as a
SLC-based SSD while maintaining the price of a MLLC-based SSD. In order to realize these design
goals of hybrid SSDs, the key issues are: (1) how to allocate data into SLC and MLC region; and
(2) how to make wear leveling between SL.C region and MLC region. In other words, SLC region
should be used to store hot data (frequently accessed or updated data) to benefit from its fast read
and write performance and long durability, and MLC region should be used to store cold data to

benefit from its low cost and large capacity. Meanwhile, the SLC and MLC region should be
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synchronous wear as far as possible to realize the same lifespan of heterogeneous SLLC/MLC chips.
In order to solve these problems, this paper proposes a wear leveling aware flash translation layer
(WLAFTL) for hybrid SSDs. Firstly, WLAFTL proposes a dynamic data allocation scheme,
which is based on the fusion of wear leveling and write-request size. Specifically, it employs a
traditional write-request size based hot or cold data identification and allocation scheme which
identifies write requests whose size is less than the threshold value as hot data and sends them to
SLC region, and identifies the rest of data as cold data and sends them to MLC region. However,
the threshold value of hot or cold data identification is not fixed and can be adaptively adjusted
according to the wear speed of SLC and MLC region. Secondly, WLAFTL proposes a garbage
collection or migration scheme of cold data for SLLC region, which is based on the fusion of wear
leveling and first in first out (FIFO) strategy. Specifically, it employs FIFO strategy to manage
the data block in SLC region, and when the space of SLC region is not enough, it employs the
following scheme to make room for newly arrived hot data: if SL.C region wears faster than MLC
region, the valid data block of the first in SLC region is immediately migrated into MLC region;
otherwise, the valid data block of the first in SLC region is collected into SLLC region no more
than N times. Our experiment results demonstrate that under the condition of using the same
address mapping scheme, compared to ComboFTL and CFTL, WLAFTL can achieve up to
13. 6% and 12. 7% average response time improvement, as well as 9. 2% and 20. 4% total block

erasure reduction, respectively. Moreover, it can achieve better wear leveling between SLLC and

2018 4

MLC than ComboFTL and CFTL.
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10. IF it is an update request THEN

11. update R in SLC region;
12. ELSE
13. IF [RW.]==[RW, ] THEN

/xR A A« /

14. 0<10; /%O AT %/
15. ELSE IF [RW,]>[RW, ] THEN

/% SLC B = /
16. 0<max{0,0—A0};

/BN 6,38/ SLC KA B Bl He licat « /

17. ELSE / % MLC BEE#HHR « /
18. 0<0+A0;
/= I 0,3 m SLC X1 5 SR B it « /
19. END
20. IF Size<<¢0 THEN
21. write R to SLC region;
22. ELSE
23. write R to MLC region;
24. END
25. END
26. END
27. END

3.3 SLCRBHEEESEHHLE

RSB SLC X S8 N A& TN A7 B 22 [a] A S 4
Byffr AT % CFTLYY 1 fF SLC X8 24 R
— I8 I BAB i R 80 S A ) head 45 £ 45
W, 2 SLC = gD T —E &5, 3 gl by % [m]
WCHLH S B cail 385 4G 17 B9 P, SR cail 45 £ AT
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. AT LA B, X AL R 02 — LY R T FIFO
R G TS AL X AL Y Bk s A T 2R SLC X
B A AR /DN S DU HRER A 1T R 34 W 15 B BTt
T F MLC X 8. ik, WLAFTL 9 SLC X 5§ %%
i [l Wi /3 A% L i L T S ComboFTL (1) N ¥ AL
SR Mg A CFTL (4 B 4% 30 58 SR w76 L SE ik 42 h
— b LT 5 2 5 KL AR AT FIFO 8 JE 5 W& fi 45 19
SLC ¥ 8df 1n1 i /3 B Ll By s & % SLC 1y
i e 5 2% 0% A A B S 300 A 3G i — A Cyele_Time

75 Ok T S B 58 BE E SLC X I8 A A0 BF ) 3 %5 24
B Dl H br e BT 6 TR A Rk o H 9 3F—
J& ) Cycle_Time N 1; )5 ARG Cycle_Time H)
K/NF SLC,MLC {1y J 451 34 15 15 50 Tk 78 A& R FH u]
T 3 B8 SR . AZ AL HIAE TN &l 3 Fr 7.

SLCIX 47 45 [E1 i
B 3

FEZA T
IEBFIMLCX 35,

v

FHAZ TR RE
Cycle_TimefH B0

________________

TS A 2T AR R
PHECycle_Time 5T 5 KIEIRIREL
Max_Cycle_Time?

v v
BHi%AE RO R R | R 0T P S ) 2ISLC

v v

B Z T B
Cycle_Timelti &0

R ICyele_TimefE N1

_— e e em — o = = e = == 7

|
|
|
|
| MLCIX f5 SkARET TR R 4 R
|
|
|
1

B 3 SLC X I B i 7

IR HEms. 76 SLC B K T MLC &
i3 KHT’ U 24 S 3 Il e H A B v 68 A7 280 00 1Y
Cycle_Time= Max_Cycle_Time (5t K AE ¥ % $0O
IF 322 DUA VR Ay BE BT AN 450 55 1 v $i i 1 7% 21 MILC
WMEMTH Cycle_Time<Max_Cycle_Time I, %
AR i #) SLC X3 head 4§ £ 4 ] (1 Perfr,
I X BB Cycle_Time {HIN 1. 46 B 89— 5105
.l X A7 5L 4 SLC AR Rl BE 9% 1 SLC
XI5 B Max_Cycle_Time /41625 J& 93 DT 28
HAE SLC $IR 55 9Bl 2.

IR TR M. 7E SLC B 4 5 T MLC B
1m0 A L B B GRS B MILC X 3 i >
SLC 115 A UKL S AT 32 AT G s 432 3 3.

H A1) B 1T 7% Bk D AR an 58 2 P

Bk 2. SLC XIEE T BAE L.

/ % SLC 1 {75 B TS A — A~ Cycle_Time il

TRIZTUAE SLC 916 28 YK B s Source block i F SLC J&

TR B AR, Targer block J& A+ SLC kB A EIE S * /

A : SLC_Free_Block : SLC v 1123 R SCHE He %,

Max_Cyele_Time: SLC H 85 TURY f5e RAH R UKL

B ¥ SLC w2 4 1 1 A AUEUE TUE R ) MLC

1. WHILE SLC_Free_Block <4 DO

Jes B 357 3% IRl HL ) /
2. FOR each valid page in the Source block DO

3. IF [RW,]<[RW, ] THEN
4. * Ja S HE R IEH g * /
5. IF Cycle_Time= =Max_Cycle_Time THEN
6. move the valid pages to MLC region;
7. Cycle_Time<0;
8. ELSE
9. copy the valid pages to the Target block of
SLC region;
10. Cycle_Time<—Cycle_Time+1;
11. END
12. ELSE
/% 4 [RW.]>[RW, ], J8 8 IE % 1T B R mg = /
13. move the valid pages to MLC region;
14. Cycle_Time<0;
15. END
16. END
17. END

MEE T MEDL 2 ALY MLC X 5%
PR R T SLC XIS it e i, WLAFTL 4 %
FibL il BEAIE MLC 5 AL, 38 SLC 195 AR 3L
B — 3G RV B U0 1 B (E 0, e I BB 8 1Y KA
SLC X EHE S A i, 38 2> MLC K3 806 5
AL 5 TR AR IR AT W S PO 45 T
SLC [X 38k 11 it ], 4 50406 72 SLC X8l o o838 11 7] g
PR TR 2 80 T A MLC X8 B %5040 3T 7%
[ P, 24 MLC X35 5 i 38 % /N F SLC X 8, B i
F, WLAFTL HF7 2R BB E 0 F1IE # 1T
WS LR SE B I MLC 5 AWE /> SLC s
AVE H A5 . AT e 8 5 4 S B SLC Fil MLC
P S 3 1 1657
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AR X B A B R LS K. Testl F Test2 J& i

4 LBWEREHH DiskSim £ B0 £ 8. % 2 45t T 92 % b Bl FH 9 6
B R

4.1 XWRE £2 EBF trace B

TESEE 1 A SCR T FlashSim™* JE 4755 15 4 g EEE  WOREOE SRR/ TR A /KB

A FlashSim 558 47 12 J8 WM 57 K22 TF % 19 [ 2 e o -

1 3005 A% B 2 X DiskSim® 1y 4™ & o B AE H: 3 fil Testl 3181345 50. 0 2.67

VRN A B AN A S 2 B . T e e o DA

fiTHE FlashSim ()& Al L, 38 148 2R J2 N A7 B He il lotrace2 90333809 53. 4 5. 9505

AN
(=)

TR EFRHE A SSD ) FTL & 3k, st R 4 SSD 44
1. e R A SSD By K B A il 2. 5GBLSLC
X 3R E K 32 MB~512 MB, MLC X 1ki% % 2GB,
INAE I RS RO B 3R 1 s, B0 43 B ALl o

BE 0 R IR (E B 4 KB, A0 fHiX hy 4 KB.

® 1 SLCAFE MLC AFEHERESH
Flash type SLC MLC
Page size 2KB 4KB
Block size 128 KB 512KB
Page read 25 ps 60 s
Page write 200 ps 800 ps
Block erase 1. 5ms 1. 5ms
Block Endurance 100k cycles 10k cycles

ARSCEFEBRE 3 TR RE R bR R4 SSD Y
- o 7 EF ) 5 ARG A8 AR TR K A 4 4 AR R R T
#r FTL ik tEae, R BT .

(1) -y e 7 Bsf 1] S i 37 2K 50 B B B) 5 280 38 B
() PR ERF [19] 25 B S 7 35 10T g s - 78 38 1o O 4 B B8
Vi la) I [a] A 255 R B R G SSD 1325 1 RE 1Y OC
&5

(2) BB DB BR R 12 MILC X 35l iy 4%
R A R ) SLC $8 B 0. #E 0 B SLC X I
AR CE . B R IR 5 SSD 1 {8 ] 77 i

(3) J% 41 34 fr A% i ] Ok Al &2 SLC 5 MLC 1y
FEP Y MR, B E X @ = max (RW,, RW,,)/
min(RW,.RW,). @=1 {3 SLC il MLC 1 & it
A F, I Ay TR B 4 X L S B b, @ B
A1 DU A A A ARCR

S rh B T 6 M AEL BT R 3 2k
Al 171 %K, DiskSim 7 A2 B G 967 27 DA SR G 4%
9K 2 £ 4 B R A DiskMon Y& 19> A PC 1 1 2.
AT FEE D THHER, X ZEH Al £ 1A 5L, SLC
INAF A MLC (A7 IR IR L RE 22 5% AN K. Finl® o
B OLTP I » o 4 Rl HLAL Ak BEAE 28 6 AL g5 55 1Y 1
#%. Sys.Iotracel Fl Iotrace2 J& /1 DiskMon I 4E 119

4.2 WLAFTL 84

(1) $ER F R KME ) Max_Crycle_Time % 'E

KT Max_Crycle_Time {5 K /N TEC B[] 501,
FATB T — A5 L I Max_Cycle_Time {6
N 1~5. P K trace P HACERIER Finl . i H4S
RUE 4 PR, G52RE W BEH Max_Cycle_Time
R 3G I, Find {0 - 2 i 137 i 18] 506 s 20 J5 1 K, 24
Max_Cycle_Time {EHHN 3 I B AR 1 BE 35 B fe 1 5
FANILAL trace WA AR S5 R, G, J5 2320 h
FRATE Max_Cycle_Time {HH 3.

1.50

1.45

140

T2 R[] /ms

1.30

& 4 A6 Max_Cycle_Time {8 B} )3 35 0 7 15 8]

(2) SLC X I /N HE A1 i 19 52 i

it 5E SLC X IR /NRHE G [ 25 A8 4% 1 (A M g
A2 L AR S2 56 43 31 3% B SLC X I K/ Ry 32 MB,
64 MB.128 MB.256 MB, 512 MB, 3f: H X} 6 4 trace
HEAT SE 5 A A5 A 5 TR,

M 5Ca) (b)Y AT LAF 3, i SLC X2 & A8
W3 K, SLC DXl % 5 YECAS W i 1fif MILC X 3,

Bucy J S, Ganger G R, et al. The DiskSim Simulation
Environment Version 3. 0 Reference Manual. [2017-7-14].
http://studylib. net/doc/10590244/the-disksim-simulation-
environment-version-3. O-reference- +++

Liberate M, Shenoy P. OLTP Trace. UMass Trace Repos-
itory. [2015-05-097]. http://traces. cs. umass. edu/index.
php/storage/storage
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x3 FSBENHEBRHELER
Static threshold (4 KB) Static threshold (8 KB) Static threshold (16 KB) WLAFTL
SLCH##Br MLCH#ERR BE#HIM  SLCHEERR MLCH#EER E#HXyM  SLC#ER MLCHERR BE#HiHM  SLCHEERR MLCH#ERR BEHi¥yfr

L YEL A @ UEL L TR @ YL Y TR @ WEL KEL TR @

Finl 82298 4602 1.79 82376 4561 1. 81 82376 4561 1. 81 78139 5154 1.51
Sys 30652 9452 3.08 39838 6181 1.55 44316 5083 1. 14 46348 4763 1.02
Testl 32431 938 3.45 32431 938 3.45 32431 938 3.45 32431 938 3.45
Test2 8369 28227 33.73 43478 19094 4.39 94706 8353 1. 13 96095 8636 1.11
Totracel 10237 21175 20. 68 51160 11642 2.27 82076 7501 1. 09 66706 7501 1.12
Totrace2 77801 49985 6.42 132222 35171 2. 66 154795 28776 1. 86 190450 24788 1.30
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Y& 3L #% JF 89 J7 . CFTL f £, ComboFTL #% /b,
WLAFTL 4k F Hp [l i sl #4528 /9 I R AE T
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Background

Due to

nonvolatile, shock resisting and low power

consuming characteristics, the NAND flash based SSD (Solid
State Disk) begins to take place of traditional magnetic hard
disk drive in many domains. NAND flash has three different

operations: read, write, and erase; read/write operations are

WANG Fa-Kuan, born in 1991, M. S., engineer. His

current research interest is SSD techniques.

performed in page units, and erase operations are performed in
block units, NAND flash has two types of physical restrictions:
erase- before- write restrictions and a limited number of erasures.
FTL (Flash Translation Layer) played an important role in
hiding the physical nature of NAND flash, and it contains
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address mapping, garbage collection and wear-leveling.

At present, the physical storage medium of SSD is mainly
based on homogeneous SLC ( Single-Level-Cell) or MLC
(Multi-Level-Cell ) flash chips. Although SLC chips have
relatively superior performance, longer life time and durability,
they are also more expensive than MLC chips. Taking the
advantages of both SLC and MLC into consideration,
academics have proposed the hybrid SSD, consisting of both
SLC and MLC flash chips, to achieve the balance between
performance, lifetime, and cost by allocating hot data and
cold data to SLC and MLC, respectively. This paper mainly
investigate the problem how to solve the data allocation and
wear leveling between SLLC region and MLC region, because
they are important issues that affects the performance,
lifetime, and cost of hybrid SSD.

In this paper, we proposes a wear leveling aware flash
translation layer (WLAFTL) for hybrid SSDs. Firstly, a
dynamic data allocation scheme which is based on the integration
of wear leveling and write-request size is proposed. Specifically,
it adaptively adjust the threshold value of cold/hot data iden-
tification according to the wear speed of SLC and MLC

region, and then, the small write requests whose size is less

than the threshold value are send to SLC region, while the
large write requests are send to MLC region. Secondly, a
cold data’s garbage collection/migration scheme in SLC
which is based on the integration of wear leveling and first in
first out (FIFO) is proposed. This scheme can reduce the
number of data migration from SLC to MLC region. Our
benchmark results demonstrate that under the condition of
using the same address mapping scheme, compared to CFTL,
WLAFTL can achieve up to 9.09% average response time
improvement and 35.23% block erasure reduction of MLC
region. Moreover, it can achieve better wear leveling between
SLC and MLC than CFTL.
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