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Aol F Hoj Ao FE™ o] FA| o] A (sibling page) A B g
o} 1% 304 Hol= FA HolA| Ao A LSB d# o] A (Page )&= MSB ¥ ©]
A (Page k)oll gk 227] F=2to] gku® vk g&Ao] AR vhef MSB

o
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geaaa || 2o

- Jtat HEel
| A OtEAl2E ilﬁ"é!

...... ez N L, [ — e REBD Lrrc OEE L B T

sector sector ClEH M 0|~ sector sector SlH 0| A

A BE AE
(FTL)
Read Write Erase Read Write Erase
page page block page page block

2.2 ZEA HEY A2ZE]
ZoA MR = A% AAY F= a9l gal 9oz (overwrite,

in-place update)”} &7}s38lth= Al oF 27 0]

o}, 3 AlE whele] 9}
ol A gl 7] @ £7],

= &9 A71E 72 T2 m gt ol gk ApolH R AlF 2= Q1

tr N

#7155 7|8 Zo g 3t et v a9 g

ZojA) Wme Ao RE e Oaag 4 A BAE A A A
A e

stS e = glom e ZA] W3t AlS(FTL; Flash Translation

Layer) 0.2 &&= AT E o7 440w AFGHT)
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FTLS 1% 404 BAAX = AAH, ZHA W2 ik 54 2 Aok

=

A
filo
o
N

3 E2E A2E A B tadst BUT B G e o]
E AlFete AZESojolH o] & T3l EAE A|AEC] 9ty A~ E= T
| B A =8 ob - =78 glo] EeiAl wlRe 7Iek A% X7 AHEE 5 9

.

FTLS) 7bg 388 7158 25 3 e 28 Sa £2E A2d
Al BelFE(export) AE 7o) e] Fash AAE o)A AEe] ]2
=B dolX sy Fel Fa0) P Bels Aolth EAE A 2w
A 27] 24% WA W FTLE ve A9E 9L ol83) B2k doles

2] 4o vg HHE 7RIS

O

Ashiz 13 AR Ho B ol gakel Y vlolElst Aol i Be] FaB
o

Zhe = olth FTLE E3 8 71 98l Al A 883k 27] &

iz
fu

(initial bad block) 2 ZA] W E2] A& A|7to] F7)stel whe) WA st= HE}
¢ &% &= (runtime bad block)oll tigt A= @dstet, A% x| %7]3}
Alol] FTLS AAl 558 AAlsle] 7] 8 E55 A& T AFE 75 &5

%
2 2Bl A9 A Aok alu], B2 Fol WA & Q= Al B B=g w
Aet7) S8 o] e BHS ou] BHOo HlF(reserve) @t ZeA] v
Ral BEol 47 A5 Adto] 917] WFe] ALg Alzke] Poj o] we}
ol B 250 WA 5 gt o] W 54 25| %7] Fapo] PFo| ¥4

B25o 24 A5/ FEHA FAHES e e PE5

&1
=1
2
)
|
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(wear—leveling) 2tdo] Za3lt). HELY &3 E=o] &AsHH FTLS v =

AE cllu] L2280 §ate] WA AL 53
FTLS) o1 328 Sei4 A% 32 e] Aol 4949 g2 nx7] o)

of W2 A7 Iwol o8 uFd iRl A AlRbHAA  Svh
[41051[61[71[1811191[201[211[22]1[23]. o]=lgt 7]

A
rlo

A 7](mapping granularity)ol] wg} #H o] x| == v3 (page-level mapping)¥}

B2 = v]F (block-level mapping) . & o] Zt},

Aol 5wy Wl A e g o) welzk FehAl vme e 947], 2] w

491 ol 7k fiek, EAE A2HORVE 27 S W F9, FILS 3

(append-only manner) 7] S ¥t} #H o] X ©@9] v 7|Ho| A= +=g] H oA 7}
9lo]o] &g Fo|x|o] w3 4= glorn @ 9o 27| (random write) &4 Az
o] §-3sltt

ol ¢ wlsg 71 wsg e @97t 2] el FA4d Ja T AES

¢ o] 2 7](random write) A 50| Hoj}tt= A o] QA qt, Aok 5t uj
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= EHolEo] g A7) Wl o] & EF R o] FA 5= AL FHo] & ¢

o] A & 3 FTLOIA =) 43 o] Gelol 7S 5ul, A9 3 A

2ejo] Fed w FTLS 2= o)A 9] ou] g5 ¢ =] oA 49t

o
=
>

)
2
[%
~
=
1o
ol
—d
fol
)
4,
S
©
A
f
Jo
fol
e
e
>
s
©
A
o
4
M
p‘L
~
o

A durA o7 AdH M3 (sequence number) G A] 1] Ao 7] ZFH ), o]
H ot WAl o] Ho]x] ufsg FTLL H-9 Algke] e Agw vjg HolE& wi

2ol G4 fAalof el ko] ATt Bl 3

DFTL[7]& #lo]A] v Hol&S FefA dlRelol FAsta 25 5
o] i dEg SS9 g GAFozH wre & AFglo] & 7o

|=]
T
A 5 g 71Me) B Btk DFTL 7] el A ZelAl vxele] 1)

region) &% Urol A m, 58 Alo] 9 o] Qi Hol A5 2qlste]
FEEEE DEE

8ol sl 2o dERE E3st= HoAE

S

2,
1o
=
o,
o
o
s
o
S
ok
T
e
o
e
(e
=
o,
__rr_[l
o
iz
o
-4

F g Aol e wsl sk FelAl R ele) 27 aeel

PN
T
U S2E A2RORRE @AY= ¢7] B 27 A9 = FAE

iz
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=g &5 F49 dlF =g B koA 9 Hol A Fax(offset) = 27t HH,
=g 55 F4E FTLol 4oz fFAe= &5 5 HolE o) &g
= HStEY Fo] x| = wi=g 7ol vls) wisE o] GevF X 2 &
= TR o] oA B w5 Heol&4 AV]= HelA 5 w7l s
AR ZpopA|aL o] & W B Aok Fe A A shA| Rt S AE R FH
o] 7] 8 HlolEE A9 oA 7|5 5 A= o] = v 7|
I 2] 25 FF wgol s dol# e e xAo] Y nAHHE R o S}
o] x| & 2 Hlo = s d EF9] UmA oA 5S 7] S50dA ¢
Abafiof et Hwol Atk Aw tiF Y Fo|AE 7|FEshe=
(sequential write)ol+= f-8] 34w, A o] 227](random write) A5 o] A A
steth E5 5% w3 FTLAAE #lo]#] 4= wjsd 7ol A e} npztrA =
=g 55 T4 AW E o] A9l 7IFstal A A Al=E FE A
B

= ¢lo] HAle vy Hlol &S wimg e 75 &

2} 2A7]

M

22 ol 49| Ao X S A0] ;mYH ojok Bz Akom o] 2719 A
Asprk A7) Wil w55 Fele] BE £F v sHe A9 2olA ghov)
cheba vy 27] WS mgsh Z]Hel Askslold gtk ojeld 2]
Mo E AHgEHE B2 vl FTLAIA 522258 27] 39 o8 4
o2 sl E BSo] 7S5 A delE & BAstE A 55 @
S RN ECEEEEE PR R DR I

ERCEES

2 7] W¥E o] &3 A 270l Ajtd A £ 7IWH[18]2 7] #sE H|
[e=]

Al ES W ARESH] Wil =] A4S =
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B3 B2 gloAe] omAow RS A
g AAE 7hel7)A Hek o2l @ olf 2 Ee M9 Polny] 2ol thA &
Coln] et WA BE2 AHEHA

o x
oA o} o] FA e =g EFo b &

4>

Kim 5ol o8 At =1 85 7Y4]dMe 5 v el 85
= W& AREsta, 7] MR o)A 5 v o wejd oAl 25
ANA =] F& FRhol Wk "oy 8H o] & A9 M2 oAl =50 A
SojAof sk At @] 21 25 VIS 227 W E HolA] v
Bo2 Fty] wimel shuhe] 227] wuof A& F7F Agehs WH o R A2
7Fest7] el Al E5 Wajel v 27 W 48 agHor A

Atk 27 B50] B 4% =5 Y (block merge) 2= A H €

N
g

.

)

s} %]—

=

—

ot

2
=3

20 EZ 7S A &5 tiH] 227] E5 H 3 ARS 5288 E4 Foba A
gk odloly 553 227 Tt 111 2 wjPFE7] "t $AE 8730 oy
o] =] EF 2A add A5 227] vy 71§ ol A7t ol gl =
Total 55 W Aol AAE A EE dspe] AT = Q. o] & =56}
71 138l Lee soll 93l Alte FAST(Fully Associative Sector Translation)
7IM[5]2 HolH E53 227 W3 E571e 19 vid& AdgozHn Bt

wo 2] My HEES S S AU

M
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2.3 2d7] 3 4

AMZE dolHE Yo 2= Fo] B7sshH, 227] 7Hesh 498 s A
A AP HolA KT EX F EF GHE o] FoX = YA WEZ Y Aok
Z7Aao = Q3] 2#d7] 3 2%l (garbage collection)e] & &3}H o= FTLY

F8 4% F9 srjolu).

2 7] R AP AEH o T AFE A|AE vk 2 H) Uk o 2
Aol t@ B s A GFaA AT Holgor], A Hofe] whel 4
2 oug 7pA 3 o), kg MmEle A o) 2] FF AP e, 1)Ee =
soagvizt A Weee) g 2 S AS YA o R Bashd Waol A ylol

1o} a1

ol

v, #% Alg(reference counting) WAlS 3 WEYE 2o
AHESHA] @Al B S AFE o R S AlshE AT 7F o] Fol A Skt oled A

T FE Z2ay dof FokdlA gel Fauolx ko Aut(Java) 5ol
A A ek Adojoll A Fo] #&Har vt B3y el Ao 28 7] 43
Zrd o] d2E 211 X 9 A A" Ao AlHE 8] (segment clean—
ing) Z9E 5 T Utk ol &A%Y o 2] Aol FHekst R A
2 7] Adsol 5k sk= taa 7Rk A A oA 7] Thed iR a3t

(chunk)& vle] BA3L7] 91ek 2e7] 3 2ol dFolghan & 4 9

it

2 4% 49 o5& 918l FAHE HE Ta AW A FH A9 2
7] 59 2} 9o, Yol2rr1} Brbse HehAl vme o) Aol 2el7] 54
Ao 2 AL B 27] 7bs oL ve YA stolor Ak WelA 2

49 Agloletn & & itk
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TEatE

~ Holx| “-f
Ho|X| ofE : - S
z
- =2|5 0] %]
i of oHst
: SAE M7
+=2|H|0]|X] i . i

a9 5 2E 7] A wE dolA Fast 3A

ZHY A wEE 79 A x| M= T TR dEF diEl] 27] 8F
o] & 75, #lT dlolHE v LAHA A= Bl 7IFHIL = T4
B2 T vsgo] AAlE o] w, 7]E tlo|El7} 7| FH o] I 4o
3}(invalidation) ¥ vkl gho}. 17 5% AukAQl o)X vjsd FTLAA 2
E 7] a4 AsE A4S dehia Aot =8 FolA] io dg sAE
27 248 vE AY9A = B dYdl 7I5H I W Helge] dEs}
M2 220d7l B dojx & 7t s WA o] W 7]E dolE 7} 91338
a1 e HolA = Fas) e A & F AUXE ZAE ). o€ F &
stel Fol Aol = A Z e dolEE AF & 5 o, s Ho| A7t &3 B=
o] 27 #Qjo] B Foof A= 7] HAS AT 5= 2

Z oA W) Z) A AL AL Rl Wk LS b v a7E 9
o] 0] A5k ZAEA Haw o] 527k Al AL ol A H 2
| %% (garbage collection) Zgie] A€ WA 24 442 F 27] 7
78 A7) 918 84 B2 (victim block)$ 4G 3 Hr, o2 914

N

ofr
OH
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. X
i S
X X ;“..
X M7 X 5
. :Ik_ﬂ a}g .......................... : -ﬁ-__ﬁ_
=2|go|X| i . i : inflo| x|
P EA

T 6 dolx wisg FTLAAM e 287] =3 24

ARt o2 FTLS e =2 Flolxd 3t fad AEE HEY Je= {4
sttt S BER o s AAEE E5L dubdos BE Holx7t Aty E5
EE F& o)A Mgrt 7 A EFo] "k & Flo] A7} ofF] ol
T 25 A5 e fra dolAE 219 o R FARgi o] H A ElA
S| BF9 BE oAt Fast Hi dd 5 Avste] 7] Thse £
9] A F3F 2B F71sk 4= A "t

¥ 6 AubA el Ho)x] w3 FTLAIA 3|4 E=o2 MYy &

o
O,
=
Jo
fols
e
&,
©
A
N
N

Ae A5 ol& HAFele= Y (valid page copy)<s K.
FIL Yt 227] HolHE T AE A WHA] gFa1 7]E9] oM v A

sAE 27 847 FLstn & 5 A o] 49 e Fat

o
)
fo
ol
=)
fol

S8 GRE olgdte] & = vk TYIME F& olA]
7h Skl A BHSFAAW, WA O B A9 Aol A E BAsHE A

o Aast, o]#d F & H oA HAF 2l o9& &2 &5 ko] B #Ho]A

7 AAA 0w PR o) Fo Y BHE AA 4L AA FTLo] Blah



— =2EE A
=4
X
C =1
22 043 a
Eo|= 2 gigl
59

fr
yLHl
e
in

| I Eﬁ : :E-
MI|HIEE W TAHNS 25,

X = : 8=
X X iogolR|
b X I
_.‘ g TR ERERRRI H
L .igzg= 8
-
7 ¥
- =
9 7 8= v FTLeA S 227 4 49

5% g FTLAAE 22)7] 54 24 Bash, o 7] vjg o]
23 2] w5 B2e) A 747t Sad ol A5 Biete] v A 97

B2 7]23}7] W] 9wt oz B2 83k (block merge) 2ol gt &2

S0l dlole] % so]A] bst o x| d7k 712 H oA Q= A welFm gk,
27) M3 o)A B OR welahy] g =gl Ho X 2] W of
LA )% 5 olvh 2% WE e Bel 25 A% 2] v 25 B
o FRF FolNE ) 27507 B B2 Bo| BAE F RS WA

a
T BE2(A WB)S 2A%E w2l o7 o] Fo]x] A Ht}
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27 FA YL TAE 843} deglo] FTL Wii-o] Ao o) 24
sk HUbAQl Aedelng Ao R A R A
Alzkel A S7bsAl At 22 7] A 2l o] dide] H= S A (victim) =5

2 AR w7 AR e o)) BE dol X7} FaSE, EE &
=

Ir

2Y7] =38 24 E8488 Fol7] el = vhket AT oA gk
oh. Wu Gl 93] AFE eNVy 7| Hell A& 22871 3 2 Al FIFO9F A 9
A Rov]E Ads S ALggo g Aol e T2E A5 U
AE a4 27 3 AP FPdst== 39 0H[29]. Kawaguchi 5ol
o Agtd WS 2 Fx Id A|2H AIOHE Z3Yd(segment
cleaning)@ FAFEHAIWF ZeA] Wl Eeo] & A HMPH vg-ol5 &

e T 27 A AAE Adbslv23].

me] 7Rk A AR A" M e A Qo tEk Hats dubH o

B AL DL A oY e B AAL =7 vhest 2ok,

o A, A 2F Aol ZeiAl mrelo] 7] Zglo] WaHa IS A
$ 3 dHelA= 27 2

=)
=
(garbage) A EH|Z Hol & & A} Autx o = t]279 A= 27
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A e77F 2EAsiH et old AE = 94 S 2 (atomic) 22 vt

= 227 B2 o] el am

(residual effect)7} Fold & Ao & toj 2277} 7153k = v 239 &

FUA] wlEe M= O o] 2] AdS Fdd 5 glvk. A= FTL 50l

A ol 3t Hlo] A E& AEdIe] Ho| X7} &8 EFo X7 2AS T35
AA

#7) A e aHEA FEZ A2 7% Ao 49

2}

%_
AA Aok olA"H A oF A ¥
%

AAA = g o] Ao

23 24¢lo] Basteh

{
i

A, Y &5 5 2 A ol Al A o7 R 4 Sl

o8 B = A&y AR o AlAE AHZ PAsts 2oL

d

o

L= I Y

#
N
o

A7 AhE A 2 BF ole T A HY &5 (recursive power
failure)ol] o3& FAAFs]oF shi= Aeli(state)®] B9 F+
Atk 71l AAA A F2 A 7 F- 7ol = o7 AT A A

A QF7oll o3 o] A= e A i T

wAsH T71E

_l

s

rir

o A, HeA dmel e vsds del B4 F BF B2o] Al

= AL 388 o) F A8 dirH o g FTLS ZAA WEe 4% 9%

off
T
it
e
o
>
=
2
%
N
rr
0%
oL
filo
>
ofo
ot
v
2

H| 5 (reserve)stal QA7) &=
HA AN E B B BEE 7|587] 98 Al 27] 52l Hasta o]y

2] Folw A AAAoR A9 QFI AT 5 9l

Zolw AAZ oA g WHoR Bk B2 7 9 AY oF E7E Fds)

5
aL ek ol F A W eRs Hel diA v 7Rk A% AR Al AH
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A 3% HIL T IYZ L 287 =3 3

B Aqt9] 7]who] ¥ += HIL(Hierarchically Interacting set of Logs)< A
AAFolal dAFAS 49 &F E(crash recovery)E A Yst= FTL AA
R 7o e defaolvh HIL Y= 54 FTLY &l oJE40]A
gon bt FTLEY A8 A&l BHAQ0 74 84 % 39S 7148t
of AAHEIJH. =, HIL ZHAHAANA AAete= 55 &t AAlE FTLE
oju g e o] vl E71 A< A &7 Aol M A1 BEe A FA| AH

2 879 5 98e na,

HIL zeelel=e] ¢7] 3 227] o4 Ao A9 o5 579 484 51
[13]e] o] ezl ul glom, & A= o] & #dste] 2u7] 3 2 A9
A o 579 A& Hole AL HHE vk & FolMe 287 4

A A% A 84 H sFto] 23 HIL = 9] =Ll tal A 7]= g

(-1

3.1 FTL 343}

HIL =& d9) a7t 512 k= 212 bt FTLe| 48 7Hs3 FTL +&
of ZHAA AL o7 5 WS Algdhs Aot o] & e = ¢4 v

S FTLAIA 354 T4 94 0 2 94L stofate] F48Hshs 4ol

ZYgA] WS A w2 AR ) o] 7P 2 Al el HE AL
2] 7§xlo] E7bEsithE Aol o] sk Aok 2o o] dutH o R FTLS

27) a9 dolEE ofvl A9A QY Af Gl J1=eta APshe )

2

(o3

¢

{

O.
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AR E W5 WS AFE3TE NAND S A] v ol = A&t 7§ Alo] &
7hsstths A Qo s #H o] A7t &3 £5 Qb A= Ho|A] ME v} S7tst
= A2 27 ZAYS doF stry= Al eF &7 (ascending order page program
rule)o] ATt o2k AloF = Ee 93] FTL 52 dRbH oz Fof 247]
(append-only write)E *8]3t+= 21 T%(log structured) FEj= &},
gukd o 2 FTLE 3 AEZFEE ¢l7] @ 27 984S 20 st oj7] ¢

$ol 27] BHo R Aat 0T B 5 9

o] F-¢oll FTL2 S 2E tlolB 9 =g F49 =2 54 7o vjg AR =
| 52] Aol fAlgte] E~ERFE ] 97 T2S A Hrh TAE 27
A A Alels AEA 7155 = ol ofs) on oo 7|58 dHelE 7}
Fast(invalidate) gtk 2287l 3 2 B 55 3 A4S YaAE =
2] T F3tel ek ojAr| & Qe fa wo]x|ef K& Fo| Ao ek
w3k wge fAstolol gtk olelgh wjg AR Bl FHo|A e fFaAd
(liveness) AXE FTL Hletdlo]Eetar & 4= gl om, FTL Wt olE A &
Al wlEelo] vFug o R V)5E = glrh do]X] % FTLY| B¢% &2
E dlolg & ZA] wlxe] Holxlo] 7158 u s do] A9 ou] Fo =
2 FA2E 7|5t 519 Al AA d9S 2qste] W Ao o]elgh wig
ARE AFAAstE W] F2 AEHAAT FHA w2 719 A G <

S0l wEER AL = AT 7w FAR = o B8 Al &7 Ad S 6

=

Fd

oo wdAgololega & 5 itk A oR Wil FAERYEe gy
= 3]

g 1=she dold o1 ol = WP L /1 Seh 20 D, o)A FEA An
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oA FehA A FA xS FASE B Z1E e AF T
27k EAGT 52E dolert Fela vlmee] ]2 HE WA el F29
B 2200 B2 WG5y] A BAE dolE e PL W 3
2o vy A=e] Mol ATk ol e dolE =1e] P Hol A
77k 2 A A SehAl vlmele] 2ol Feje A9 5 Aok olel @ o)

9 =oo] e 27] 83 o) MAEE A guE 499 Y 2o
o wj)el olal HelHrt. A% FTLS FAsH: 27he] 2% ol = v #
Al o) A% T2k 4710, o eF ZOE o] HE AL B BAE &
4% Aelstl g,

g
A
ol
aly
=)
okl

A Al A AR A2Re 279 B F, B Za AN 7wk v
& BN Aol the] FehAl vme Aot vhe] FehAl vme AES
e 384 (parallelism)& o] §81= B4 0% Waa glom, 7o upe 2 4

T Fdol 7hssit. R AE A aFlorRE e 27] 8l glY] 2= NCQ &

off

Adshs HAlY T AE TrRFS Fe HEAdo] AXA U olE B
o7 Agstr] Yejr= 2o 2aE vF 2 =(multi-thread) = 738}
= o] Aoty &, FHUA AF AA L' FAskE EA] vRe
A, A vy A7), ZRAM R TAE AL Tz WHEAS

tlo

ol A Al g AAY, HIL e A9) =0l oa) A7E FTLES 528 do]
B 9 FTL dEEolHE A% 728 7HE 29 2 T4
o 21 5e 2SR o|FoA WAAE Ba) N 45 483 mdw

3 gt

N,
off
Y

b

to b, 717

oL
ol

ol
!
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DRAM FHA| =g 20
write €——

read ——

h vy
a2 8 HIL ZH o] 21 2 @ i 71z

3.2 HIL =493 AA

B odo| = ool Al At FTLS 7|¥te g sfo], HIL T d¢
a9 A A 9 9 2 s A e
3.2.1 HIL ZHdYPI 748 84 21

HIL T IT A FTLS FASHS Al 4 940 E1% 18 8 oA
Hol= AAH WHE-ZHo g dolee J&5AS AlFstr] 3 S =9} 9]
7] W 27 A S 3 A2 A

=

A 2o dolH 2o, v 20 5 EUA A AAE P 2
Soll 47 WA o2 (disjoint) FFH E55] Jifolvh 2UA 2as 4
Flo] A& &) 227|(append-only write)® 7] 531 Hol A AstE M &
TS HEak) Al 27) A7 3 AEiA lojof gt o] & 9l =1
o] Ao B o] E50 tig 27 A5 YEhls 55 2209 g -
Egls AT AFEEY, ol FU|H R AAXNE 24 7] =H

271 245 s wrkd H5 ZAAel 715 B A Askt v A7
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ek 53] diole 2% A9 FTL wetvlolEl & 7| Sate 2129] 7]
8459 A= FA B e se1A] A7]e) wske] vlg- 2] wiatel the
7] 8735 MHE sto] @7 A= Ao] Aot o E fl8l] =119
UlH-ol DRAMS ] #14 vix el & o] &3t A& sk As 7Hsin,
o= eVl Ao E T SRER ARSEY. AR AR = 9l v
g o] A7)0l Akl 9h7] Wil dubAQl LRU wA) Lag|s 58 AHE-stho]
o3 HolE S S 2o LAY SeE EolHE EA] mxe
= Al s A

Lo
1%

HIL ZH AT = 7[RH o2 vy v T/ 271 Yol EAgt}
AR, E2E dolHE A7) 93 doly 2(D), 54, k9] =10 that
g JEE AFstr] g visg 220D, AR, 287 £A A9S A% EF
2 solH o] HEl ARE fAsE B B AR 200, WA, 19 oF 5
AstE AFEJE Z72(C)7F At HIL 227

[e)
o
QAL et 2 A RHQ Bl 2L Bad) o zFstel

A AA o) %-e] ERERRE doly Rame] 7] o] o7 K
g Aol A= WA DRAM 0.2 P4 A6 maeth, 5o RALe] A
YA AN E SelA A2 Bart 4 A4S S 20 gE5Hon 728

F 27] EAHE AAA7A )
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=] HolX| #

=2| HO|x|#

install_mapping «—
; (Li.POP(L2P2)
query_mapping —s

Y 9 v 29 B4 R Y PR
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Abstract

Cormrectness Verification of Garbage Collection
Based on a Compositional FTL Design Framework

Sookwan Lee
Department of Electrical Engineering and Computer Science
Graduate School

Seoul National University

Flash memory has been widely accepted as a storage medium not only for
embedded and mobile systems but also for high performance server systems. The
performance of flash-based storage systems has increased dramatically thanks to
extensive research not only on their architecture but also on the constituent parts.
However, there has not been much research on improving the reliability of
flash-based storage systems. Research on reliability is becoming more and more
important because the reliability characteristics of flash memory has been
deteriorated by the shrinking geometries of flash memory cells and the use of

the MLC(multi-level cell) technology.

Flash-based storage systems are usually of high complexity since they have to
manage both volatile and nonvolatile states of not only user data but also
metadata of their own. This inherent complexity of flash-based storage systems

makes it difficult to restore the integrity of storage system from an asynchronous
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power failure.

This research is based on the HIL(Hierarchically Interacting set of Logs)
which is a compositional FTL design framework. The basic components of the
HIL framework are logs that abstract the characteristics of flash memory. In the
HIL, both host data and the FTL’s metadata are managed through the interaction
of logs.

In this dissertation, the correctness of the crash recovery of the FTL is
verified based on the HIL framework. A particular attention is given to the
garbage collection part of the FTL. For this purpose, we define a new log type
called the physical block information log and give the interface and the
management rules for its interaction with user data logs and the FTL’s
metadata logs. With this setting, we show that FTLs designed using this
extended HIL framework can be recovered correctly from any combination of
asynchronous power failures. Also, to minimize the performance degradation
resulting from unnecessary mapping table look-ups during garbage collection, we

propose a new technique based on virtual clocks and bloom filters.
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