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Abstract

We address several schemes for DIF handling in
SSD. By comparing performance of each scheme, we
could know that the scheme which uses SSD
parallelism more efficiently is faster even though it

requires more accesses to the flash page.

=

L A&

Data Integrity Field [1](°]3}DIF)= &2
g A 7k dole dE#HAolA o)y <t
7] $13 512byte®] dlol¥ EFol| F7lE = 8 byted]
OF HZE FIZ=E Avago TechnologyAtel ola] =<t
= At

E
KR
=

8

Storage subsystem controller
Extended memory protection including disk

pres e ‘
o 1
—
JE—

e o [P
E"-

Data & DIF read

Server/Host

512 bytes data

520 bytes data + dif

Host
Initiator

Adapter | «——

a9 1, E2~E-2EFA 7 tﬂ o]E]-DIF Ag 7A

2 =FolAE SSDel dHele 9 DIFE 7 A4 st
= 4 7H] AL zﬂAl 3Fal, SSDsim[2]3F 213 33k
trace 3 T 2P o] 3l 7} WA W E AT
ol &5 EA s}

II. 2&
2.1 DIF A= =2
A A G997t Holx ¢ w DIFY delHE &
7 AAstE W22 Inside schemed} Outside scheme
o2 U] B 4 gt
4K8 S0dbyte 4K 4s6byte
ol (o] [o]f [o]d1~ o[ofofofolo[p ¥
[ ) 4 E GlolEf e
Ho|x| Lhs HO|X| L& ﬂ o M

a) Inside case 1 b) Inside case 2 g3z

Dpage #0
Dpage #1
Dpage #2

Dpage #0
Dpage #1
Dpage #2

h Data-DIF Of &

LB#O{
LB*I{

o9 2.

Dpage | GiOIEf 10| %|

[WEBagEm OF o] x|

{ =225

14E = 512 bytes
1HO|A| = 4 KB

Dpage #63
Dpage #64
Dpage #65

Dpage #62

Dpage #64. 64 bytes
Dpage #65

Dpage #66

T Dpagesize = imzs

Dpage #127

*Lu_u/ [N

64 bytes

<) Outside case 1

dle] B -DIF A7 %2

d) Outside case 2

Inside scheme® 4] DIF$} tlo]gl&= 3 Ho]#] <to
2ol AR Fde dAolA tell AFHEE I W
o] v©lolEl¢} DIFE F 9tk 2¥2-a0 A4
Inside case 1 3 =] #o]=|o 4712 dolg A¥
¢t 471e] DIFMEE ddat= Zoltt. DIFAH
504byte ¥ F7toltt. 1¥12-b ©] Inside case 2% 7
el ©lele AE et 1719 DIFAEE d9ste 4 ¢
olt}. DIF A¥E 456bytes F7rolt}t. Outside
schemeol| A= DIF9} dlo]El7} th& wH o]z A#=
th o dielgel JZ Fe 3T DIF #lo] Ao 33 oF
gt} 23 2-c9] Outside case 12> 649 0] x| =] &
5 6370 oA E deoly #Ho|A 2 FIFsa

He

Ell

=
=
=

= Eix

pad

- 009 -



ton

Jon

1
x
I
w
-
tol
I
A
™

#HolA & DIF #HelAz &1 s Z-5-olth. DIF ¥
]

(¢}
o]|A 9 6dbyte Wl FZrolth. 1¥2-de] Outside
case 2% =¥ F4a TS doly dd3 DIF 94
o=r s, dHeoly Fde dALKH 6471 HolA
DIF el 7] #Ho|AE A2 &Fsts 4ol

2.2 DIF overhead

(start LSN, length)

(start LSN, length) Read 8,8 ol

¥ N g GlojEf HOIx| 24l

wite8,16 [ Read 24,8 gulaé" 7l B4
Write 8, 24 -

tenof tsNo [ tsN1 [ tsN2 [ 1sN3 | tsN4 | LsNs [ LsNe | Lsn7
LPN1 tsN8 | ISNO | LSN10 | (SN11 | SN12 | LSN13 | (SN14 | (SN 15
Lpn 2| LSN16 | LSN17 | LSN18 | LSN19 | LSN20 | LSN21 | LSN22 | LSN23
LPN 3| LSN24 | LSN25 | LSN26 | LSN27 | LSN28 | LSN29 | LSN30 | LSN31

5
a) lolE Holx| 4l E Z;Z‘j@ o
(start LSN, length) Write 7t 2%l
L - e
! " write 504,511 - <
eno[ tsNo | wsni [ N2 [ isNs | isna [ usns [ isne | w7
LPN1| ISN8 LSN9 LSN 10 LSN 11 LSN 12 ‘ LSN 13 LSN 14 LSN 15

LPN2| LsN16 | LSN17 | LSN18 | LSN19 LSNZlJ‘LSNZl LSN22 | LsN23

SN SN
499 500
SN SN

SN
496

by o8 1017 214

¥ 3. DIF F7F= <13 7841 overhead

DIF F7}2 <18 overhead™ HolE] Ho|x] 747}
DIF #Ho]#] 7821e] glt}. wlolE #Ho|=| ZBAlS Inside
case lolA A 3o} “1@3-adlA] LSN 84 LSN
23 7FA] "o]HE 2 request= DIF7F &7 ® F
LSN 904 LSN 26 7b#] dHol¥ ¢} DIFES 2::=
request® WHZHETE H ©¢7} Ho]x o=z LPN
13} LPN 3& 73213871 93] read request’t F7F &
t}. DIF #e]#] 78412 Outside schemeol Al A4 3t}
19 3-boll Al LSN Kol A 23714 o] & 21 wjj
H F4 LSN 5129 DIFE Mof 3o A @971 o
o]A] o= 2 LPN 632 7§X13}l7] 93t read request’}
F71 €

m. A3

Zh Ao digk A9 dolg ¢17]/227] request”t
= 7]1¥ trace }¥S DIF ¢}7]/227] request’} 57}t
trace J4 2 W3 331 SSDsime 2 AT S =
He BAox 8 st trace Y ¥3H
Aol walk A3 FE3H T trace® [0zonel3]&

EFA=
31 2EgA a3 Hu

e vl
N ol

o%

A

o

I AA M Aol
(E7h )

Inside 1 315 GB / 64GB 17995956(100%)

Inside 2 7.3 GB / 64GB 10369108(15%)

Outside 1 | 16 MB / 64GB 9239251(2%)

Outside 2 | 4 KB / 64GB 9238428(2%)

¥ 19 7 E W3y trace WY o HE HolA

¥ 12 64GB =3 F4& FAA 9 F3F &
HEE trace Y] WA HZ HolA FE =
ATH 7t Bl &L 71E trace WiH] Tt ¥ &S 9
gt} DIF A E 9 HlFzto] ®2 Inside case™ 3
a8 "olx a1, DIFE Fo} F

Txrol A WA ket

o
4o slolx 270 ¥& AL X 4 3l

Ir
ol
1>
lo
o
o
o+
2
[N
(¢}

o

jab)

w

@]

rr
deo=

= r

L g3rel we
7

iy

20
Average 15
Response ' ;
DIF overhead time
Time( ms )10
5 | ® \yrite time(Data,DIF)
0 4

insidel inside2 outsideloutside2

139 4. SSD average response time

Inside scheme®] 79 H<+ #Ho|A 7t A F7Hgel
= B8 Outside schemeoll ®]&| w2 AL H] =3k
&% 5 HAY. 53] Inside case 1 DIF overhead
time2 A9g Outside case 29%= W3&=7F A9
H|Sz5lt), o] element WE WH FHol JhEd
SSDe EA wjE<¢l Ao 2 Helt}l Outside case 1S
write time¥} DIF overhead time =% 7Fg gt}
o] 3 elementodl] EE =g E=9 DIF #Ho|A7}
AFHo] o7l W] Aoz R’

o

V. 28 2 &5 d7 4F

B =R A Age 4714 IHES E3 DIF A%
WA wel SSD Aol g 2 4 U e & & 9
o} S element B2 WE Hto] 753 SSDe| &
Aol & olg¥ Aol NEEEI wWE Aol S
S & = Adrk. FF DIFS HolEZl AR e
elementdl] A== H2ol digh ATE HE Favt

2t

[1] Narayan Ayalasomayajula®], "DIF(Data Integrity
Field)”, Avago Technologies, 2006

[2] Nitin Agrawal®], "Design Tradeoffs SSD Performance”,
Microsoft Research, 2008

[3] I0zone Filesystem Benchmark. www.iozone.org

- 510 —



