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Design of an Efficient FTL Algorithm for Flash Memory
Accesses Using Sector-level Mapping

Tae-Hyun Yoon* Associate Member, Kwang-Soo Kim**, Sun-Young Hwang* Regular Members
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ABSTRACT

This paper proposes a novel FTL (Flash Translation Layer) algorithm based on sector-level mapping to reduce
the number of total erase operations in flash memory accesses. The proposed algorithm can reduce the number
of erase operations by utilizing the sector-level mapping table when writing data at flash memory. Sector-level
mapping technique reduces flash memory access time and extendsthe life time of the flash memory. In the
algorithm, wear-leveling is implemented by selecting victim blocks having the minimal number of erase
operations, when empty spaces for write are not available. To evaluate the performance of the proposed FTL
algorithm, experiments were performed on several applications, such as MP3 players, MPEG players, web
browsers and document editors. The proposed algorithm reduces the number of erase operations by 72.4% and
61.9%, when compared with well-known BAST and FAST algorithms, respectively.
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=/ AE g 7S H4e 58

Ak Ak} el 3l= tjamE AERs dlel o
25o] sich

NAND Z¥l4 wlmele o2 7ie] E5o= +
AAxlel glrh Z7re] EE-2 3270 o] AEER
TA=e] glr}. el read/writed] 7| ko],
EE52 erase?]| 7|& whglelc)k Fell4] wlmele] A
WA FAll=read, write, erase E3tol] A%+ A
7kl v2rk olE 59, A K9WBGOSUIM
NAND Za4] vmzlPle] 79 read E=bol] ZHz]
= AR 25us, write F2tel| AEle ARR
200us, erase s2toll Al AlZR 2msolc)h ©]A
2 erase F2oll del= Alzle] 71 A Aol erase
Zzko] 352 ZFoll Ao] AA| 28 A7RS Zo)
71 $leiA 7P F8siel FHAl FAIE erase-
before-write Alo|c) Zef4 wmz]E 54 AE
o] dolel7t eAENE o dubAel = vz
A "ol 71 fick 4] dEsisisRe] readt
write2] w9l AlE{o]al erased] we|E EHEo|m
2 3hte] A delelE: 7] flEl EEE&
erasedh= IAE Axlopt 3} ZE4] dmeEl=
B2} 109H~1009F He] erase 315 Algke] 9JoH
1 o] Folli= Aol AFE 4 gtk ol9f A EA
AEE slHsl7] 9lsle] FTL (Flash Translation
Layer)2] 93te] Fa3jr}

FTL-2 e A"z Fal4] wRe] Aol 9
2)8b, FTL-> 3k A 2~glellA] Aelahe =2lHdl
FaE i vﬂ wele] Be|dQl Faw Hikshs
s gl B2t} erase 3140 Algle] 9=
4] ]-—ﬂ-% —‘/‘4 Joll w2}l wear-levelingS 172
ek 35, 48 259l Al clelele] Hdy

S BAE Folof gt} FTLY 7F $03 &>
JJr‘Q A|2=91e] write 52} 87l iste] E=li4]
wele] Bl F7ke #o) write®s & Fa, ol weh
WS 4= 9l erase 3l5E Fol= Zolth &Y
Blwrite STol% ZHke] FIL dwe]Sel uwet
read, write, erase =2ke] 31947} delX| P 2FTL-S
4 vlrele] s FHedch

FTL®| ol=d2 wis] 7|9ell= A wi=) 7]4,
L2 v 7, slelue|= wjg spge] glril A
Bl wisg relds A4 =eA Ale HS(LSN:
Logical Sector Number)E &4 AlE] W13 (PSN:
Physical Sector Number)Z vl|gtcl. Al v 7]
e Fel4l viee] ks 100% 83l e
i 7ol Bl3}ed erase T2 St 7 Zof

SrxlelA] Aol Helurhs Aol alAR, vl

il

Ho]Ee] =77} ##44 ‘i's% ofo] SRAMS I&
2 gkl whge] olek BE e sl

Z B2 H3(LBN: Loglcal Block Number)<}
offset2 E2|% H= WI(PBN: Physical Block
Number)2} offseto2 wjH3lc}l 52 wig] 7]y
=] Elo]Ee] =Zy|7} ol wmlad 2L <9
SRAMS #8 = 3h= Aol glor), T4l AxH
o] 72 LSNell thgt write 522 oz W 8738
¢ 2 winkc)l merge 52 slFelof ke W
1 olek slelEzle wig 7PHS £5 Wi 7S
HEe R sl Alg wig 7S REEoR A8
e R el FTLEe] o) 9AE
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Mol Aelg Zi= Fellg] wlme]o| dielmyde
HolE52 ZQ7 3} merge F3to] ol
u] victim &% XA 7]|5Ee] &E&xelA| o
e 54 W S ASste] s el
2715 Eolx 7t BE9 invalidgdt AlE9] sHg
(ISN : Invalid Sector Number)$} erase 3GECN

Erase Count Number)°ﬂ gl dHo|E-S o,
erase % copy«] 35S S0 Wear—leveling% A
gk A2e AE UHJ»] 718 Agkaic),

B e thgal o] T 28 7]
2o) Ak FILE) 542 Aeaky, 34elE &
=l A FTLY 729 Lz Adwst
o} 4o M= o] o] ZefAlelAdnict erase 3
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FTL> S5 wlxeje] sl 83 845l
wlgl, 2 E9F FTLo| #sF 2 o) z13xe]
9k}, BASTHE write =28 )3 A=Z9] 4] o
T she a1 EES B FH FTLelth
BASTE dlolg] B3} 23 52 Alo]o] E-2719]
%13k (Block-associativity) 2 7Hth &, shile] =
I BELS shte] dloly EEl sl HlolE
W A3 4 gick BASTw w249l write 52t
L7 A switch merge7} BHYsl] T2 A%
S ZAuh Jo)o] write F2F Q9 WEAYA]of] e
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A= 7RItk BASTS] " wslslr] $lsfeq
FAST'7} 7lok=|gley. FASTE 21 B2& &3}
Aal writes A% 21 B 199 writes ¢
gt 23 E20F virth o] writes 93 =
I B52 Al 7k od3HA(Full-associativity)= 7}
AogH 2 55 F7He] 3845 E9ich FAST
= BAST®l| ®]3} erase 3!
HARE Al v 7PEE ARSE wjRr) erase
37t wol Asel "WolAla, e 7t &e-S
FHdstsiA] Sgick

EAST""= state transition table¥} reallocation
blocks &-83}e] wre] F7ke] FE=E vk
EAST+= FASTel| H]s] 12]<] writeol]
o}, Al write® $3F 2 E59] HAlR
2Pl write?] 7-$- FASTHEU} Also] ™oxic)
LAST®l= temporal locality} spatial localityS .
2]3}o] garbage collection SH|FH =5 ZFolz{i
H3loick LASTE 21 w95 7ikes &b, <
)] writes $]8F 27 WHE hot partition} cold
partition® 2 vk LAST+ localityS 123}
of 7]&e]l FTLel wls] Aso]l =
locality detector®] 2Ws|=r} =3 AlE] wisy] 7|
S AE3ldS wrct P E4r g S "o

5 FolaL Aol

g

=™

Rl AE s PHE sl e
5 ok 7ol 7N FTLER F2l4] i
o)z 2 2ol A

off e e =

[e] =
7] Fgw

= 13 erase 3=
& AR Fol=

WP Ak

» M lo

:

II. Mgkt FTL 212|F

2 AollM= AR FTL daelEel s 7l
gk 31800 A v 76l el 7]<s)
3, 322—10”1{&_ o{tzﬂ/\ UHEIJ—Q_ O]t‘ﬂ— Ml]—j UHTIJ
Eﬂ°]-ﬂ+ merge 33 A E8H<Q victim E341%

S g E5 AR HolEd dis r]&sck 334
H{— ]OT'F} FTL®Jread, write, merge “5-2tol| T

7]Et

ém[

r:i'

3.1 mlekst ol 7|

Aokt FTL <52 *“Ei visg 7S AR
g} 718 AlE wis elo]E2 Z7]o| B LSN
of tiak PSN9| =& 71A]x gle], m7)e] LSNe]
EABhE AlzElelA] ole} 22 Wi 7|HE AR
& 79 mde vl elo]8S daw P ole
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vl3l] Agket FTLS Y A|AH S ZHE write &
T7F B0 LSNelA "l Fzke] PSNS &3l
gl LSNol| wigt =g Axuk sixick 4 99
71& AHgE AA LSNE| ¢} n|azsled write
FAte] 8= LSNO| = AHowma AE v
o] wbdal v dHold =7|E Fd 4 olrkx
EX PColA mp3 A7), 534 AR, € Bet
4, ¥4 #A719] oAFeAelAdel disle] Alsgh
A E 13} 7o) 7t ojFEAlolAdvitt AHA| LSN
9 4 % 30.3%, 69.6%, 61.3%, 64.2%2] LSNel
Arlzsldet. A At AXEERe] FEEE
LSNel| gl write 877 Borg A v} 7]
He ALl we v Ele]Ee] AA|sk=
o 4= slrh

N

3.2 ME ojE Holgnt £ M= HO|E

Algker FTL-S AlE] vis do]Ea B2 AHH H)
o] 55 Z=th AE v EolEe w=eA Fae}
=24 —7"\7}—4 w35 918l EJLS}”IL ’é‘%‘ A
Hlo]E-2 merge 2} AlEE2Q] victim &5 AA
< 53l erase®} copy TEO| FE Eol7] $13k
EAjHL

5 AR dHo]lE ZA7ke] PBNe| ¥ ISN
(Invalid Sector Number)2} ECN (Erase Count
Number)& EgHs}H, ISN- 3 S50 #7=|o]
U= dole F &R gl AEe] Folrk 4
W 2g]e]] Za3= LSNel gt write &7 =LA
Al 71E8] dlelel= #Ale] dHlelel7} ofr] i
of Zx glofzlck o] HoJE]E-2 merge 2 Al
erase dF ¥ copy 2 ¥ U glom=m
merge 5% ¥ Wl IS W 5 Q)Y write 3l
SE 2 5 Slth BONS ag BEe] Agvel
HA7IA] erase ¥ 355 7153} Merge 532t
A] ECNe] 7P¢ A2 %—.% victim 5202 419
o ZH wear-levelings A& 5= 9lck o|XH

E 1. Write 93] ¢} write ¥ LSN2| &= v]a

Write A Write 5
B2l & | LSN® 4 | LSN| &
oAl #1 307
P31 683,100 524288 | A58
olEe|AlelAl #2 3213
(ien Ao, | 822384 524288 | R1R
olze]AelA #3
& L]l?—xi) 3376656 | 524,288 AL
01%31?%]0]*3 #4 336,488
R 1262,400 | 524,288 A
*A4 LSN 5 writes] LSN2| H]8-& e}
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= AE w= s1He A4ek 2842 FIL daels A7

Merge 22} A ISNo] 7}4 @il ECNe] 714 =
2 EES victim 5522 A95PH erase 2 copy
o] 345 Fo|1 wear-levelingS & 4= ok
a5 19 E Fd AE wi elelE EE AR
o] Lol dhal] 2pAE] Arggi.

agelx] 5 o AEe] £ 40l AA EE
o] £ 48l 7] #HE9 AEAE T A
2dlo] @738k write s3] HHS yepich
Write (LSN, Data) + +=2]%] 4&] LSNel| Datas
writedhS- 2|vlglt) 28 write 877} Eo190] A
of Ale] wis] Ho]E2 Wl Aejela EF AHH |
o]E-2] Full, ISN, ECN-2 &5 02 2%7]3} =]o]o}
ghel A HA write 3] TEEUE W, FTLS
Z41 vime]e] ¥l AElE 2ol write & F AE]
w3 "o] Bl 7157} Agels ZE AEZL ¥
ojglom® LSN 2+ PSN 0ol wi=dgc) w4 29}
] 3= 2w g zlaEnh A 49 7%
olw] LSN 29| dlelelr} Fell4] wime]o] glormg,
PSN 0°ll “Invalid (-1)"%AE & F ¥ AlE|(PSN
35 Ik AE] v "ol B o]F sdHlolE
3lal 55 AH Ho]Ee] ISNS 18 Jdle| Egich
gk 7Re] Bl EFe] welolE wizkA] 919 22
AL AR 28] 19 dlellA] DA 12747] wHAH
g el Wl ERS @ATI UrR| EFe] 2F
AHFAA =t o] wje] A wj=g eo]E)} EE
AR HolEe 13 19 Awk} Zeh A 1394
v olak Bl A7} EAEHA] 7] wiitell merge &
zlo] Q7=Ll Vietim £5-2 A®slr] $18] FTL
< EE AR HolEs Fxdrh BE EE9

Sequence of writes
from file system

Write (L8N, Data):

PZ777773 + Invalid sector

[ :validsector - Sector-level Block Information
=313 Mapping Table Table

P3N [FBN Ful TSN ECH

>I>12 ] 0

T T3 7 T T

3 72520 El 4 [']

e =]

o

T2 1 A v el et BE AR HlelE:

ECNe| Zormg 7P %8 ISNS Z-= PBN 0°]
victim £2°% A9E 37 valid AE|{Q]l PSN 32]
dolelE Wl B2 A wlw A (PSN 12)ef
copydttl. PBN 0% erased} AE] wig Hlo] &}
E5 AR do]ES dlelEst 19 19] sk
Zrt,

Al¥g FTLS 54 I3 7|HE 83l A
W eo]Ee] Zr)E Folal, EF AE HeolES
olg3led EHAQ victim £F A1AHS E3dl erase
9} copy?] 3GE U F Utk RS £F viH
718 443 BAST, FASTOIA] full merge?] 7
- 2919] erase®} validgt AE] F=1F9] copy 2t
o] Aoy o Aokt FTLS| merge 2+ ISN
o] 7F4 @& EZSvictim B0 Adlsle] g
W] erase} validdt AlE] uHEe] copy F322-
{78kl ISNe| B8 7 AlEe] o) 22 BE5
victim £2°2 Alelg] 79 switch mergee} 7o)
gk W9 erase XNt T oA Fro}h 33HAME
Alo¥er FTLE] read, write, merge S-2tell oigh <&

JelEE At

o

3.3 F2 IA| ¢uz|

on

3.3.1 Write &%t

B Ho|x= mled A|AHo] write T2 Q-8
o, A|gkgt FTLe] A=jsle daelss Awsch
327404 g3 Rel d
=7] Aol Fel4] wixele] mE Ao} AlE] v
glo]l &2 nlo] gl £5 X Ho]E2] ISN, ECN
L % 028 27|35 Fe] gtk

Alokgt FTLS] write 2378]E52] pseudo codeE
a5 2ol A Fd AHle] write TR
A3 FTL2 Ml E£-Z(free block)e] & 7f <]AF
A=A ARl shue] Bl 55 Alelskar
1l A7 EAshs S el sl Bl £5
< merge 52 A victim 5F2] validgt dHlo|EE
= FAksl] Slsl EAstedof dt glo] F 2Alo]
WEwm Wl AlE]S] PSNe| write F3te] €
LSNel| A= wid5ich LSNe| Alg] s e]o]
Hol| EA1E A9 o]Flel| wi=¥l PSN-> invalid 4
HZ 348 & 55 AR HolBdlA i &5
ISNS gidle|Egit] o] AAE vixl & A2 wig
%l PSNo|| dle]elE 223 AE] wjsg elo]&-S <id]
o]Ezh}. o]xlef wid=l PSNel| digt xR+ s
Mermz 7 zjeje] AR mjg=E PSNS Ho] 24m,
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Procedure Write_at_Sector (LSN, Data)
// Data® LSN (Logical Sector Number)oll write3d+ch
begin
Nfree = CountFreeBlock();
EmptyPSN = SearchEmptyPSN ();
if (EmptyPSN exists && Nfree >=1) then
// Free blocke] &A5laL W1 AE7F 918 ] Datas
writedtal SMT,BIT 741
Search LSN from SMT;
if (LSN exists in SMT) then
Mark the PSN mapped to LSN as invalid
(=1);
Call Update_BIT (PSN);
end if
Write Data to EmptyPSN;
Call Update_SMT (LSN, EmptyPSN);
end if
else
/1 AE7E 918wl victim blocksE merged
write @}
Merge_Blocks ();
Write_at_Sector (LSN, Data);
end if
end;

T2l 2. Akl FTLE] write YaElE

2l AR A w7 22 S wEskar
AE)7} & 7% merge 3 FAET

3.3.2 Merge &%t

Merge 52 Zefi4] wimele] o] o]k dlo]g]
= & T e Tk oE o, Bl TR FguEp
Q8 desitt 21 wHE 7HEeR ske 7]E
BAST, FAST® 7% merge 32> =4 full
merge, switch merge® 3=t} Fyll merge?]
73-9- 29 erase 2to] HR3kA switch merge®]
749 19H9] erase F2to] Hoshc} Agkgt FTL->
merge 25 Al 1HE] erase T2 g2 gk
a7 32 merge 52F°| pseudo codes Holth
Merge s2h& F33b7] 918k victim 552 A4
Azl w2} merge 521 312} copy F2He] 3
7 deR|2E 2844l victim 55 A gz
Sol Bzt

Alkek FTL2
glo]&2] ISN, ECN®| F 7FA] ARE Fh=xsh
ISNS Ex E2¢] AE F invalidd Ho|ElS
I ol AEle] el ISNeo] & E5-5 AlEs)
merge 325 73 F B IS FHE 9w
invalid AE]E= copy B3] F8 $lomZ copy
2] 75 & 5 olrk ECN2 &9 £5o] o

victim &% A4 A &% A

rENir‘QFE

J
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Procedure Merge_Blocks ()
/| Victim block 2711& 4143} mergedtch.
begin
FreePBN = SelectFreeBlock ();
VictimPBN = Select_Victim_Block ();
for (each sector in VictimPBN)
begin

/I victim E=-2] Ale] dlo]E]7} vaildd wut free E-Fo
copydH

if (data of PSN is valid) then
CopyData (PSN, FreePBN )
Call Update_SMT ();
end if
end for;
EraseBlock (VictimPBN);
Call Update_BIT ();
end;

Procedure Select_Victim_Block ()
begin
for (each PBN in Block Information Table)
begin
VictimPBN =SearchMaxISN
/ISNe] 7} & 55-& 2=t}
if (more than 2 PBNs contain the maximum ISN) then
VictimPBN = SearchMinECN;
//ECN°] 7}2L AN _tLi__ /{1—“ ]_
end if
end for;
return VictimPBN;
end;

T2l 3. Aokt FTLE] merge dae]&

Yii

AN7HA]  erase® 424, ECNo] =ke H=ZS
victim 522 AA 2R wear-levelingS 372
sldck 919 T /A 245 w#ElY] victim B

A7 2] ISNe| 7P 2 BE=29 Ay, vl
ISNS 7%% 50] 57 7 o]l 49 ECNel =t
& B5e AusiEs dAlsi

Victim 8-2o] AA=W merge F2HS- 33},
Merge &2to] F3E= HAS 7] 40 Helrh
Z17F] AEE invalid AE1E FA87] $18F flags:
zk3 glth. FTL-S victim 2E2] ”‘Eit'}t]— flags
golsla validgk AEe] dHolelE ¥l EEo®
copy3tch Copy® dlolelel] sl AlE “Hjé o] £

Victim Block Free Block

A// EHAI.

4 copy | 7] invaid sector
7% [ ] awsem

O 4. Al

cHA2,
erase

FTL2] merge 52t
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= AE w= s1He A4ek 2842 FIL daels A7

132 victim E3-S erase 3 F EE

55 s 7]HE 248F FTLOAE read 5t
Al dlelE] E=29 9 $IXE Usle o invalid
el 73 2o wigel|A] st LSNell wigk dlo]
S oA Zolof gt} B dol|4] Aokt FTL-
Ale] wf=g 7S Z4ste] AE] wis] Elo]EellA
read F%to] &% LSNel v|%l PSNS rlz 2
S QoM E read F2toll BRI AZHE w15
elck AE wlg eolEells FHTo write¥
PSNel| tigh Ax7} glonz A wjs] eo]ie
W= PSNE 1= ¢jo] Eolwl =tk A|gkgt FIL
A g 7 AMSIER oA write A
2 LSN AlE wis elo]tel EAstA] o)
Ale] w3 Hlo]Eel] ExEA] = LSNel| thgh
read 877} 5018 7% FTLS 3k A ~Hle) no
data A ¥-E returndtch

R

2 flo X

&

Al
=

=

oot
[N

ot

Aokgk FTL otwe]l5S #E3l7] $1s) BAST?,
FAST'¢} 7z} w)asleich BAST, FASTS} At
3k FTL 278 AlEHolez T3] tiokgt B
ol FHAdEE ALFo=N s FHrlskick
Aol 229l Felg] viRe] 2P
K9WBGO8UIM large block NAND Zf4] wl|xze]
Pl Agsigion, F8 slepleEe 2 20 A
sldch. Alsle]l  2xQl  disk  access  pattern->
windows-XPE 7|Hko g & EX PCollx MP3
A7), o3 AR, ) BEReA, A #3719
ol Ze)Alo| S Uit g Aljlsle] FEsldcl 7
Zre] ojZz|Ao) el HiFt Eo]x ¥le] Al
3 Aol % 13 2} Aldlo| ARgsk Zaji4] vme]
= 1GB (=524,288 sectors)] -S2kS- Abgslgla
ol Zg]Alo|drict write &77} HHAU3F LSN-S A A|
LSNe| <ol wls Z2303%, 42.3%, 69.6%,
64.2%0°|ck. olZ]AlolAd #1, #2 <=AFHQl write
S7F wgkew, ojZE|Aleld #3, #4199
write 877} wok).

Z¥zre] o Ze]Alo ol thdl erase 3G H|A=
2 3o A= e a7 5= Alg Ao =
£ welth A8kl FTL-S- BAST, FASTS} v|ws}

A

2. 3ol 2:¢l NAND =41 wlm2)e] Fa veirle

kI

Block size 128KB
NAND =4 Sector size 2KB
wxele] 4 3] block &
o] 2 64
page?] &
pazatsl] Read 4k 25 usec
operation2] access Write 14+ 200 usec
time Erase <14t 2000 usec

E 3. =)Aol ¥ erase 3l v|

AST AST Akt
°§3’—3]“ el s oFyiEE
4,178
olZejAlolA #1 ;
18,381 15,072 ~77.3%,
(MP3 A A7) 572 o
9,314
ol ZejAlolA #2 y
29,729 19,914 -68.7%,
(5 A7) c
62,292
ol Z2)AlolAl #3 ;
220,336 143,219 | (-71.7%,
(4 Beke) 550
. 19,422
o] = oA ,
Ea]ﬂl]r 4 68,872 56,591 (-71.8%,
(B 937D ~65.7%)*

8|2 tjAk2}b A|Qkel FTLE erase 314 $4HS vepdich

250000

200000

150000

Erase operation

BeasT
100000 mEacT
50000 - l Proposed FTL
oom  m - .
Application Application Application Application
Set #1 Set #2 Set #3 Set =4

DS W B 72.4%, 61.9%2] erase 357} FAaE)
Gk olZE|AlolAd #13 2ol 54 LSNel thEh
write 877} FE5E 739 77.3%, 123%= 7P ®
< As e S 4 dsdrh BAST219h
FAST® = £214al write £77F 28 o] erase 3
A8k disk access patternS
2 write 872 BX] ¥4
Alokgr FTLS TAH ] write &7l AL glo],
olu] write¥] LSNell tidt write S77} BS55E
erase 357} FolEt)

AqkgE FTL-> A vl 71Hs A-83fe] 99}
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