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Portable Storage Applications

0GB 100GB

= Smart phone 1GB
* MP3 Player 4GB
= UFD 2GB
= Smart phone 32MB = DSC 2GB -GAME 1GB
= MP3 Player 128MB * Note book 2GB DME phone ﬂ
= | |FD 256MB = Camcorder 8GB
=[S0 128MB Partatla Fartable Intarnat
= Note book 512MB : '.‘ | Madia playsr

VD play ‘:;’[E-]”'"T:"Ti Mobile & Consumer;

mulﬁ L Oriented.

geial Camcordar

ﬂlgl[il'l Eamara
Game o
PC Oriented E x?f‘ﬂ’t

Computar

Sarvar

http://www.samsung.com/Products/Semiconductor/NANDFlash/index.htm

’fmwmr Dhata Engincering
AHE



HDD vs. Flash Memory

« HDD J|BF & & X
— XDl CIA3N HIoIH J1=
- 3 L 40 A =l
— A /HEAH/REAIZH0A =2
— W& :1-inch HDD
— 2| &4 :Micro Drive

| Microdrive™

« (NAND) Flash Memory J| 8t X & & X

— ScHAl HEZ2 et=XO0l QoI JI=

— W/ EAHI/REAIZHH A 72 o

- IR 2 As0A 22 PLEOMAX §
(22 2tA0] S8IX D UAD)

— L &= :NAND flash memory chip

— 2| & &:CF/SD/MMC card, Memory Stick,
USB Drive, Flash SSD (Solid State Disk)

=
=
@
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HDD vs. Flash Memory

Micro Drive Flash Drive

a Hitachi
Toshiba \

. SR
rg Samsung .

Hitachi

Portable Storage

n

)
oy

SanDisk (X 2=

| SAMSUNG .
PLEOMAX ‘_=




Cost Comparison (2005. 4)

100
DRAM/Flash Average Price of Storage
L B HoD B DRAM @ Flash Paper/Film $1 5360(20054)
10 SanJisk 2

_\..\.\ .
) 1 kL - Range of Paper/Film 2 OGB
E E Comp ctFlash®
=) o Flazh Projestion
ﬂ -
a 0.1 &t
<, =
g : e $78.99(2005.4)
g 0.01 E r‘. Mobile/Server HDD 2
o -

0.001 E Besktop HED i
0.0001 1 1 1 1 1 1 I I 1 1 L 1
1990 1995 2000 2005 2010
Year

Ed Grochowski

source: http://www.hitachigst.com/hdd/technolo/overview/chart03.html
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Why flash memory?

 Faster access
e Lower power
e Shock / Temperature resistance
o Smaller size

o Lighter weight

e Noiseless

57D
D-Picturo Card

clure

128&:'31-




ScdiAl BI2ecl

=ciAl K22
- M3 320 sH=E FHol: HE
— ot J|Set SHEZ erase @l

SeHAl HIRelo B

— NOR &t S2Al B2
e HIOIE &2 HEHA Ji=s
e TR IS AMUIOR AIRE
* Read 3% SHU A CtA

— NAND Ete S Al HIZ

o HOIAl &2 | (read / write), 25

« = UOIH MNEELZ AME
« Write ds, 885, )R, &4

O Oy B M

L

& OOl It &
S| 0f] write ol Of

==
—
O

]

(ROM X & S=

= cl

Ct?l (erase) HEdla (LA XHE S&
=

-

N

-1

HI, =3 (erase cycles) S0lAl =2l

mgr

é Y



Flash Memory Types

Type NOR NAND DINOR AND
Intel Samsung
28F128J3A-150 K9F5608UOM : L
_ Mitsubishi . .
28F320D18B110 1 Toshiba Hitachi
Product M5M29GB/
AMD TH58512FTI HN29W25611
T160BVP-80
Am29lv641DU AMD
Am29DL322D Am30LV0064D
Density Low High Low High
Erase Large Large Large Small
Block size (64 — 128KB) (16 — 128KB) (32 — 64KB) (2KB)
Page
_ 1, 2,8, 32B 512B, 2KB 1, 2, 256B 2KB
size
Capacity Low High Low

Dnowhoctge & Data Engimearing
"k DegM
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NAND Z2HAl BI22] M AIZE 82 (1)

— 20064 UHXOH &

& &Y (From Gartner Group)
20054 CHH| 37.3% & &tet 147 4,6508F &

0:||AI-
— BIH NOR SdIAl HIZ2 AIE2 0= Jl= MdUEHH] 4.8% 284St 67 4,060 &
o rEoz MY
— NAND ZcHAl HI22I9 Mb J|FE S22 2008EANIA| HEHF HAAE 146 5% J| =
st O Z (AL D A2, NAND SHAIC ESF SR 2 A MHE D AUS
= AlA}
E 1> ScHAl Hi2e] A AE SHE 9 HT
X 003 | 204 | 2005 206 2007 - e
CAGR
viEed | NAND | 41310| 70070 | 107382 | 147465| 14781 | 177R2| 262%
MU B) | NerR | §5830| 84230 70832| 67406 58771| SeE31| -95%
s52 | NAND | 4433| 7139| 12576 16911 | 18787| 20133| 296%
(BU W | Ner | 24395| 28727 28344| 26364 21807| 17578 -116%
#5220 | NAND | 203635 | 656064 | 2311171 | 6273292 | 18412417 | 24218668 | 1465%
(BUMb) | NCR | 101309 | 1685238 | 245342 | 344015| 43324 | 626048| 395%
maus | NAND 919 981 854 872 7.6 884 | -26%
(2%) NCR 270 293 250 256 270 322 24%
IEX Geywr Dottt 206G 11

Zhnowheclge & Data Enginecring
AHew



NAND Z2HAl HI22] HIAH AIR &

ZHA HR2I AR RS CI0IH HES
PISENAND St =2 18§ T==2I NOR &
0l =&

NAND & Z2iAl M2 2t 0|22 0|2 =
S 28 N2 Bl 5=, AR, (D S S5

ScHAl HI22l =0k=, A=Al 278 =20k
HA CPU &1 DRAM &L Z0H0A =
ZC0 =220 g A=, S A
2ol S0k &2 8x"0 Wer, 0HE 5 82

"] ME"0|| (123, 20072 2 0fl 64G2 2
ZoHAl HIR2I 0t =

11

ot

(2)

HSTR S AIH=E] 7HE =0

MMTX} 50U 2SS 028 16GE
16717} H=SejA o2 e |5EII-I
MIA 2Z Y )
oy
LAl " L !
- .| 60LtE
GBS L
2s5eup 512vB 198 o7 70U |
YT oo
100L:
1999 2000 2001 2002 2003 2004 20054
KIS/ SEEA 0 ciz2a2ym

Al HI2el SESt

(u %I_g Ei“s)




NAND =2HA| Hi22| X 2!
7 |2 Operation
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NAND Z2HAl HI22I2 X (1)

Flach Trandabhon Layer

SRAM
"#_IIIEFPiﬂ-EtﬂiE ™

Controller }

Compact Flash System




NAND ZciAl BI22I2 22X (2)

16KB 2J|2] =552 4

2t =52 32)02 HolklZ +4

2t HIOIXl= (512 + 16)byteZ 4
== =ciAl HI22

128KB A J|2
F

2 WOl Xl =

s== __I_)_/\—|

= T =

==2 6412 HOIXZ +4
I (2048 + 64) byte= 4

2

e
)

-4

m:

« A=5 HIO|IX|
Page 0 512 16
Page 1
Block 0 Block 1 ° ® ¢ ¢ |Blockn-1 22 HO|X
o
° 2048 64
Page m-1 — —— — N
Main Area Spare Area
e J|ERX
— =5 Al HEL

ot B
@k

14
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NAND S Al BI22l2 X (3)

1 Block=32 Pages
=(1l6K+512)Bytes

s (=

1 Page=528 Bytes

128K pages 1 Block=528 Bytes x 32 Pages
(=4,096 Blocks] ) =(1l6 K+512) Bytes
\ I\ ] 8 bit for
\\\h controling I/0
512 Bytes le Bytes meta data
N/

I/O 0 ~ I/0 7

\\\‘m 512 Byte# 16 Bytes meta data

.ffm)wlm & Duata Enginvering
S DE g
Lacorarone
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NAND =diAl BI2c|2 V= s&

 Read page

— (chip #, block #, page #)

— ~20 us Write
« Write (program) page m

P
— (chip #, block #, page #) Register Destination
— ~200 us
1 Block 0 | | Block1 | ® ® @ [Block n—1

« Erase block foad souree

— (chip #, block #)

— ~2ms Copy—back Operation

Copy-back page
— (chip #, target block #, target page #, source block #, source page #)
— ~200 us

SXDEF
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NAND SciAl BIZ22| At Al =2 Alet

Bit-Flip Error Handling
— 2BIE O 2 1-bit &£ = 2-bit ECC (Error Correction Code)E AtE0t0 X2l &
— MLC (Multi-Level Cell) NAND 2| & 2 4-bit O] &2| ECC /\P%% &)

Bad Block Handling

— Bad block2  O|& AIE2E = Q= %%%

— Initial bad block & run-time bad block 25 X 2loll =00t
— Initial bad block 82 = spare 30l JIEZH US

— Write (Program) / erase =2 2 1t 0|4 2l & Al run-time bad block@ £ 2t=

gou

Wear-Leveling
— SLC NANDS| Z< 2t £5 & 100,000% 0|49 eraselt It s &
— MLC NANDZ2| &% 2t =5 & 10, 00081 0l &t 2| eraselt Jts&!
- R =SS0 ESH2Z wear-out 2 22 ScAl BIZ222 =3

— 2 =50 =)= erase E == U= o 0F & (wear-leveling)

20| S5




NAND E2lA| Hi=22] 22| S/wW
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ScAl B2l 2l S/W

IEEI HDDJH%* =2t

[ snmSuNG : .
PLEOMAX Flash Device Driver

NAND Flash Memory

I
:".‘é
=
=
L
E

=] %ﬂJItI

Flash File System

Flash Device Driver

NAND Flash Memory

ABes
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ZoAl 22 22l S/WS A (1)

Flash-aware Embedded DBMS
— Flash 22/ E4= st eHICIE
CIOIE{ IOl A Al AE

Flash File System Flash-aware E-DBMS

— UNOl I AIAE AL IS
- OHEHd 2 A5 efasE flet ScAl B2
|2 EHZ2 1ddot= N0| bt A E Flash File System

T
_l
—

—~
Ll
QO
(72)
-y
—]
=
jabj
>
n
Q
=
o
>
—
jQb)

<
®

-

Flash Device Driver

Flash Device Driver
— Al HZ2l0 et S22 &el B2
— Bad block M 2| NAND Flash Memory

— ECC X Z|

Hnowlodge & Dota Enginccring
—_— AHew



21

ZoAl 22 22l S/WS A (2)

Application

Flash—aware E-DBMS
Query Processor

Recovery
Manager Self Tuning Index

Manager Manager

0S Buffer Manager

Storage Manager

File System

FTL+
_ (support DB functionalities,
Firmware i.e., page lay—out aware FTL, DB I/O, garbage collection)




FTL (1)

22

Read Sectors Write Sectors

S

Read Sectors Write Sectors

Read Sectors Write Sectors

S

Device Driver

.|.

| sSAmSUNG g
PLEOMAX 3

.|.
.|.

| SAMSUNG .
PLEOMAX 3

Hnowlodge & Dota Enginccring
*k DegM
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e FTLE J|I= JlsS
— FAaBHE =2 =25 SAHA 220 e =2 =45 SHE

clHOIXES) » (SCIEEYS, SClHOIXIES)

— sector_read, sector_write 0| CHoll atomicity £ &

e Atomicity &t?
— O™ operation O] AIAEIO Jloi S = [ ol S AIAES] AEfDF ChS 1t
20| & IHX 28 ol & £ /2™ atomic operation Ol 2t L2 HE
e Operation O] Jtoli X[ 2| O & 2| Al AE AFEH
e Operation 0| 22X805| SZ = 0|F 2| AlAE! &AFEH

Operation j/\( ':% [O] [O] [ X ]
—> ¥ —

System

Nises



Logical interface for a disk drive

512815128 e o 0 5128

0 1 N-1

e Operations
1. Identify drive(): returns N
2. Read sectors(start sector #, # of sectors)
3. Write sectors(start sector #, # of sectors)

24
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Flash File System (1)

o BRI Y A|ARIS AIREHE AL
— FTL (Flash Translation Layer)0| 2 R
~ FAT I}Y AIAEI0| 20| AIEE
— 2HY StEE 1ot MEd S
-

B2 ERQIIUS
(Journaling & = transaction J| 8t =& HZH LI &)

=

« SCciAl B2 82 IIE AMAEB = AtEote &%
— LFS (Log-Structured File System) S EH 2| It Al A El
(JFFS2, YAFFS)
— A2H0l =L Ot 22 HE0| US
o IMY AIAEN 2E0 JHJKI B2 A0 225 (= 2~ 8 X)
. g% /:illﬁ%' Ell 27X E RAM Ul £ 0F otJ| (H=UH RAM AR
» Garbage collection 28 sl =t & (write &= X ot)

SXDEF
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Flash File System (2)

2ot Y AAEIS AIE0ol= 8% &2 IIY AABS AFE0le &%
3 4
File System (e.g. FAT)
JFFS2
B (or YAFFS)
FTL

J .

Device Driver Device Driver

Flash Memory Flash Memory

Anowhodge & Data Engincering
DB E S



Flash-aware E-DBMS (1)

SciAlH22] ZtHS DBMS
=Q E4 =R M=
HICHRI = Q1D|/MD| £E 2 QI
: M2 HHDHE2 2Q _
Asymmetric 2 B2t At
read/write
Speed WriteOl H|8ll Readl =&t 2
(H2F ReadE S¢&t Prefetch =12 24 _
» USSR
Overwrite =4 s‘af% P&t oIEl A DX
2 insert/delete & N2lS Y R ol cil A
No in-place
update
P Write =419 HI0IE 22/ AE 2 2ot 4ol E
24 AHE
OverwriteE =43t & & A= HIOIX] —
Aol HIBE Folote R HIOl X
dl0|0F=
No seek/ ZolxNM3 RSO /O HIE DY WHE
rotation time > Ao X| MG}

27

ffm.-mnqu & Duata Enginvering
€ @HU

LIIDURJ TORY



28

Flash-aware E-DBMS (2)

o W14 Xl Ef(buffer replacement algorithm)

— EdA HEZ2l= W22l HESFE A (memory hierarchy) Ol Al & AFA
M2 It MI| Hakol &I H| (HE & (asymmetric)@! I

II-i'OI

— WetA, JIE0ll otECI A2 0] S| MI| HAS HEIH S
5t | &%| AN R58HLRUS D 22 MEX0 I DA &2
Ol R&ee = US

— =, "HitRatio"= 2|2t MJ[2] &I s M 2010t U= &
OlH, ScHAl BIIZ2|e B &DIOI E'ALP 10l (H2 erase & =2
dAE Pt C%P_EIEOI = R

- SEYAl F(response time)0| OtLlch, & IE(“Th oughput”) &=L g
QI MH Ol Q)| (1A Bl A2 ZABIHAST M oA Al2HS E
=ol= 2oz HH WX 8ef 0ot0| S
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Flash-aware E-DBMS (3)

. OlZ 2 CtQ

=H=" T

— J|IEotellAT It AT EQAH (L AIAE, TIOTEHHIOI A A
= =50/ g2 J=HR Y

— AEE MK A SIH0 et ¢ &0 =22 II|& O
S ot & A S(0S: 512B, DB: 16KJF EH A Q)

— OHXIGH Ol €M DDt Jisst otECIA30= 2 M JF SLKIBH 2
HAIHZ2I2 B 2/ MJ| AAO| W&t A~ H(erase) HEHS
Sob) =20 Hlesdy

— ZEdAl HR2l2 &2, =52 AJ|2 FTL(Flash Translation Layer)
deEse E40 ek s B o= AN &




30

al

Sk O
=<

=

Flash-aware E-DBMS (4)

ndex structure)
A LN 2|6l random write2t =& &
cHAl 22l &0l A Gt

. OlEA DX
— QlAiA = S| /AN
HE 0| BIB1GHA ggarf NI
— 0lefet 017 &, JI&ES B+ Eg| QlElA = S
ClA=30 dloh o:IX-|o|- ds Mot Ml &=
— SdA HR2E DS MZ2 Mol 2 L Mol HAAQ| 2E
« 0IO0IH 2 A H 2 (data clustering)
- 8SHO HOIH 2HAHE JIEH2 A== 20| SidX = UIOIHE &
2 =SS0l AAIXAZB 22 readAl, prefetch S 12 Qloll &5 SaAIZ
32, &=9 bottleneckO| MAJ|2t A HAOIEZ
S M| AAMD AN HAZ EATIEHHA
|= glotQ| & Q@
=4l 2 AHYOR A

— SdiAl N2l 2
OIH 2 AHES %
HC= ‘é”é%#%
| SAAHEUA XD SE2

readl| AT
=< Al O

ChetAl, 401 S4/0
szes




Flash-aware E-DBMS (4)

« HHIO|Xl 20|02 (page layout)

— MEXO!I HIOIEAHI Ol A0 A= & HIOIX| O EHoH
= (row-oriented layout)= Xl & ot A=, Ol=

OI

31

WA 2==2| FZ20| CHet update Al 2] M| 52 il&i%% Flet &

o} ol
— OO

— EIEOH GIOI &1 7l O o < P’é% SEZ0IE ®loid=E 282
01 0k (column-oriented layout)S X| & oF

g)IE R EE =82

_—

= oror RIAI[LS]

— SdAl K228 B, otttel =2l &2l HIOIEHI0lA ==0] ¢

el =2l /Q SHA HLZ22 A= (HES

— [MetAl, O =20 212 XI10ll UHoll 25 £2

HOIAl cllOlOr=z &oH0ll e HE&E 2R

= Ol
I =

o
o
1>

)
[Ir
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Flash-aware E-DBMS (5)

« & O x[A 3l (query optimization)
— SciAl BI22le & It &, 5 asymmetric read/write time,
no seek/latency time2 J|& &2 XN 2= HlE DY 1 XX}
O 250 X2 <= 01&

LS o o

- H2 29 02 S¥, 51S01AT witeQ A2 Z0IMI|I} Il
51| T 2 0 writeOil CHSt U2 220 CV‘OPIIE SoHAl B2l
22 wiite©] HI8 DS Cha MI|AIZHD A0 AI2ES D2IEH A

ClElIO| _LL|O

- S U HE 222 2=, )& 2t H < DBMS =&t 2=0 A i
S QEo| JIA ZSRE 0|&4= 2 otLt= full table scan2t index scan
Ol HIZ AEO &tst 22, QIE A 9| clustering factor JHE 0ff J| Bt
= S48et HlE BE= HE. SHAl HEZ2 2 B, seekl/latency

timeO| BV =20 8l 282 H=st) £
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