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[Abstract]

The flash translation layer(FTL) of SSD maps the logical page number requested from the host to
the actual recorded flash memory page number. It is very important to reduce the amount of RAM
used to manage the mapping information. In the existing demand-based FTLs, two-level method is
applied in which mapping information is also recorded in flash memory pages and only their addresses
are managed as a table in RAM. As the capacities of SSDs are growing to tens of terabytes, the
amount of RAM for mapping table becomes too large. In this paper, ML-FTL was proposed as a
method of managing mapping information in three levels to reduce the amount of RAM required
drastically. From an evaluation, the increase in overhead was minimal compared to the conventional

two-level method by properly utilizing cache.
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I. Introduction

Z2fA] ol 2a] 7]8ke] SSD (Solid State Drive)= A%
X9l =24 HDD (Hard Disk Drive)S 945] T
shal Qlot. 2 wjioll= HDDe 22 7[AA Als §420]
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P8, A Angke A, FA0 e Zsiths £440] 9l
ct. HDDoj H]sliA 54t GAlolIE 71 A= ojo] =
2o, UE 7171 &0l 7IQlE FHE ®ek ot
U}t Aeof e siA] ARl R ARoizdstal )lok

SSD| A% &= w435] 57161 olAl A A
A= E2futolE F9] &3fo] BHe} Eof Qlot. o]2{st
2 ol 2 vNe} 7]eit ERRIAE VNG A% S b
E 0] Z710f] 9Jgt Aot} ERHAIAE O 1H]ES] B
= Aste 71eolA AlRTste] A5 ERAIAE o 34
EZ A5k TLC(Triple-Level Cell)2 oA 4B]ES
A7k QLC(Quad-Level Cell) 7]87H] 4-8S}= o] 9
ot olgiet 71e9] EAof YoM T &FF 7HAVHA|
= HDD9} At 7M1 £2a Zolct,

SSD= i3] 7] ZajA] mma) Fo] Aoj7 12 HaiiA
Tdct. SSD= HDDAH 47eh 2719] HoJx] Tz
Q719 2715 it} A HZds 2552 Ages
EH she] 552 HolX|E9 Ager ddtth
gF Ho]x|9] %7]= £ HolAIE APdsiA qlofd 4 9l
A9F gt mlo]x]9] #7]= o] &g BAfsit. olu] ¢
olg|7} 715 mo|x]of] == Ho|E}E 22{H HDD+=
g2 gojx 2717t 7HsSHA|TE SA] HlRa)= o]Zlo]
S1&EIA] oh=tt 7ol A|¥Al Ho|x|oflgk 2717} 7Hs
sttt &4 A2 mlo]x|of] 2715 sfiof shal, wheta 2
7] 84= o =2 mo]x] W2(LPN: Logical Page
Number)E AAI2 oftjof] 7]5E]o} Ql=Alof| tigt &2
A m|o]x] HS(PPN: Physical Page Number)2 Ufj™s}
7] 9gh FEE SSD UiRtoll #ejsfiof gt of2igh AMYd
ZdjA] WSt AIE(FTL: Flash Translation
Layer)QIc]], SSDofl Ul Alof7]oflA &2fgt.

Y¥rsl o 2 FTLOJA+= LPNZ PPNO2 Ui sh= AT¢]
weF ofy2t 7H|A] ZAd(Garbage Collection)i} o]
% (Wear Leveling)= *2|gtc}. oju] Ho|&{7} 7|5
fo1x]of M2 HolHE 7| 5stw WA A]7] A
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57A 7153t 71EY 2552 AI7IE she

N

¥o]

[af)
el rui

TR A )
oo 19 qlo
2L HJ[E —Jlm [e]]

i
[o

X

y

o, oleigt Ajglo] sul| eMolct. 7t solx|EL A
91 O] Z12E 2 9l $120] FAVF Yok ALST 2
712 WSk K| 2Ee] 240] Wab] GRolct. o
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A LPNZ PPNO.2 Ufgst uhiiol] gt 2412 chact,
25 LPNEO djsto] oY 382 SSD UJRe] RAM
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II. Related Works
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oy FEE 7|2RoR SfA] Hzeof 7=t oAl
of Ak AREE]= U FEQF RAMo| 7HA] FEf= e
gftt. LPN-2 PPNO.2 ol wfjoict SiA] H22jof|A]
Uy HEE 7]|=35H Het ofjo]X|(TP: Translation Page)
£ Aol oot 5oz Qws|=rt U AT, 7Rl
2] = JEOA TR A2jEBg Qus|E Hotlt.
o E =014 20TB (B2}t vo] E) 879 SSDojlA] gF mo]
A 2KBS] 37]ety stH ofjH AHEIF = 20TB/2KB =
10G 7Holl 2ttt oF o= o 4Hl0|E(3Z2H|E F4)2 &
ot & 10Gx4B = 40GBQ] &3fo] HAsHX|Tt o=
= 25 ZAl w2 7] S5t 4HaF RAMO] 7HA] 2
ettt 7HAY] g0l w71 Wil TP SAY 2
+ H 285E eHsts FAQ 2F0 A
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DFTLZ 7Idsto 7HAIE 1gF RAMO] AREFE Z0]
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A] 88}0]E (LPN 4 v}o|EQ} PPN 4 Hjo|E)7} H @5t}
UFoF 32KB £59] 7HAlE AHESH 32KB/8B = 40967
o] =0l et o] FHAIE LyF RAMO g2 /deittd of
3 ot 4096715 GALsHoF sk Zlojtt. o] H]siA]
TPC-FTL 32KB tfl22]of] 167] mo]x]2] TPt 2]
stoz oy wjoit 167H9F HARsHH F-2skct. 12{HA]
T 3R R|9dez QlsiA 43t TP7t BtgAlog A}
BE]olA 7HA] /45801 US> =7 Y=t SHRD= 271
Fa7} 2AEOIR] e QRS FTL Upnold Msp
wilstel 3204 Aloye koleS Mokt el 71
<ol o T W2 shoe 27} ohg HASIHT)
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SIAY Yojes FI7HAQ Aol 2 Q5= ARRE 2%
Qous] o iRt

DFTL2} o]Zlof] Z7st & FTLE2 13 11} Zo]
TP7} 71249 Ho]X| 59 F4A(TPN: TP Number)S RAM
of GDT(Global Directory Table)zZ ®2]st22 LPN<
PPNO 2 mjgst= JH = GDTQF TPE ARl= 28HA =
=ik, 126 SSDo] Bo] Ao T2hy GDTE 9]
gt RAMO| $% 0j9 257 Bk, g Holxle] 2]}
2KB2}1 7145t PPNS 4 dHiolEZ 7]235tH TP O
512719] PPNE-E& 71&8 4 9t} SSDe] g&Fo| 32TB2k
W 32TB/2KB = 16G7HY Uy <=0l HFQsh,
16G/512 = 32M 7]9] TP7} AFR=IT} mEhA] GDTE A
Ast7] Q84 32M x 4B = 128MBS] RAMo| = Q 3}t
2 =M s o8 SSDojlA GDTE $13t RAM 8552
7IRog £ol= YR Q2A DFTLY 28AIE &3t 3
@A o Hlole2 AIStst 1 R84S At 3H
A2 ePgstd GDTE gk RAMO] &8585 1/5122 ti%
29 5 QAL GAPE solder st £7t eHste
MAE Ads] dEdoam mfe A2 aF0= ARt

o 5t

Global Directory Table
(GDT)

TPN

Translation
Pages

Data Pages
(TP) FLASH

Fig. 1. 2-Level Mapping Structure of DFTL

III. Proposed Multi-Level FTL

1. Basic Structure

H =304 A|9tst= ML-FTL(Muti-Level FTL)2 7]
2A0o g T8 2¢F o] 3Tl /det. TP T
A Z=40] TPNS Z2jA| Wz2]of DP(Directory Page)
2 7|25t GDTol= DPE9] mHo|x] ZA(DPN: DP
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Number)E 7|53ttt o]ZA gozx RAMO| Helst=
GDTO] 7|5 tiF £ 4 L, T=pA ti& SSDO]
A 285= RAMO| &35 FEARl o= 22 4
A Foth RAMO| £ Q72 sh4o] DPoj| 7|55= TPN
=9 7ia BleR S0t

SAEOA gF Ho]X|9) Q7]/27] Q7fo] Q¥ 1
LPNZ PPNO.2 Ufgsh= vg2 GDTo|A DPNZ 24l
5fiL 1 DPE ¢lojA] TPNS &elst 1 TPS oA
PPNZ- Z2%J3it}. DFTLY| 27 uigg 3572 et
Y2 B0 et 497 oo st Hlojlk 1
iz Aed 4 o ofFA 3T Fx0|H 2 120 H
aiA DP 71/2719] eujsl|=rt 27kt TPE 471 ¢
aiA= BA DPE Q10Af TPNS &lsfiof staL, TPS 7|
S5ty §7" TPNZ DPoj|= ¥rgsfiof 522 DP&=
gt ofdet e¥slE= TPE 7HAlol #2jshzo] DP
& iAo Bejto=M siAd 4 Qlth

Global Directory Table
(GDT)

N LT | | peN

Data Pages

Directory Translation
Pages Pages

Fig. 2. 3-Level Mapping Structure of ML-FTL

SAEOA QA LPNO2RE Za| tluajd] 7]
< wo|x|Q) PPNS ZAshe e 13 33} 2o}, LPN
3} PPN 320] E(dulo] £)ati 7bgaint. g2 4]
g LPNE GDT QulA, DP oldlA T2]a TP QldA
o] 3ugog 2y} & Holx|o] 7]} 2KB o]m 1
2l & wol | 5127)] Wolx] W2 7|2 dicty TP
Qe ok DP QIElAL 77k gulEo] 2 o] A9 14v]
EJ} GDT ¢l=ixolct WA LPNO| GDT oldlA HEo
283to] GDTOIA DP7} 7|28 wolx| W5 DPNS &
Qlst DPE glojrt. of DPoJA LPNO] DP Qlela =
29 2gsto] TP7} 7|25 Holx| W& TPNS aleta
TPE glojr}. of TPoA LPNO] TP QlelA Bug &
g5to] goje7} 712 Wo|x] WEQl PPNS BRIzt

GDT DP TP
e e ———————

TPN

Fig. 3. Determining PPN from LPN

DPe} TPE 9ol QHIFIEE Zo]7] sliA A%
ARl AEE 7Nl Hejol=t] 7] R 1 49
2ol 37Hx|9] FHAlE= /g TPE {lgh 7iXl+= 712
Ao TPC-FTLa} FYUsHA 2o AREH TPE2 Bt
gt 54 TPg 83517 {lsliAl= LPNojjA] TP QIElA
Hie ALt 3= ARSI HBg, o] E FHAI0NA
EX TP FEsl7] Y3 Base 3oz AFEsich TP QI
ElA 2582 54 TP oA 2 ¥R =415 185t
+ &=0]7] dizolch

DPE 23t 7IX= &0 ASH DPE= BEisith &
’d DPE 57| YaliA= LPNojA| DP QIEA o]5 &
2 AlQeh 2 ARSI Ho o] & GDT 9lA
292 oJujsit, DP 7iAlolA §74 DPg 8s7] ¢
gk Base 3to= AREEHCH

siue] DP= 512719 TPE2 7B{otE& uj¢- 2 oY
of ZXlc}. wWepA] DP 7iA|et B s £]2of] AREE TPN
2 TPN 7jAJof] Btslo 2 DP 7JAlE AAIR| ale
TPNS &1 4 Q1= = shr}, TPN 7HA|9) Zt 22 TP
S 7206l Baseot Z2fA] tza]of] 7|5 F4Q1 TPN
o] oz we|tct. TP 7HA|9] 2} F=oll= Base 3t 20
TPNE &7 7153510, o] 425 TPN 7jAJof| &8st

DP Cache (DPC)

| DP____ Basc

TPN Cache (TPNC)

TP Cache (TPC)

Fig. 4. DP Cache, TP cache and TPN Cache
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2. Page Number Mapping Algorithm

7fAl= LRU(Least Recently Used) XARo]| miata] %]
Tl ALgE 2SS wBEITh DP 7ixIet TP 7|Xlo] Afz
L =S =71517] QoAM= A8 TjAF HE-S AERS

o1 a o o1&
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BT o 12 O

i}q _/'\_XJQ;(] ol—g 81—30] oqqu:]
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molle ALEA} b e YRe M)

SAEOA LPNE A|Asto] Q171/247] @7Jo] 2™ PPN

ARSI 1R S T72) 5] otua) A} 7ith BiA] LPNO.
2HE] A2 TP Base 3= &8sto] TP 7HAIE HARICE
sl TP7H 7HAloll @lom S2A] Holx|oflAf ¢joiA] 7ol
Z71%tt o] o TPN ZRAlofl & o] =2 whdgitt. 97
sl TPRYE TP QIEIAS &-8510] PPN
golste] ARgRitt. 271 7o) tishiAf= 23 Ho]A]

2750l thirt=

w wjo

strsto] PPNO. 2 ZAX5H TPo| vhygsict,

TP 7jAlof] B3t &=o] glo™ TPE ¢lojAf 7HAl0]
O apge O 69 due]gat gk TPt
7155 mo]x] M5 TPNS Z27st7| HsliA] HA] TPN 7}
H DP 7§AIE ZAL
A2 DP9 Base %2 &8s} o
71012 o™ DPE Z2fA] Ho]X|olA] glojA] DP 7HA|
o] Z7}gtct. DPE 2tEstH DP QIEAS &8sto] TPN
< 27t} TPNo| Z24EH TP 9715 Aofst=dl, TP
=l o] 5o 2R
%2 TPE oA AR} 71 eelie 7S d=isto
o] ZtS ARSI} AR A] o2 Zlo] gt AREEHA]
m[o]x]of] 7] =5}l

F7foter,

Aol TPNS FARIt:. of7]of gle
5h=dl, LPNo 27 E

7hAloll ®1 F30o] o’ FHAlo) 5=

7t 7P eefe Z1g Ad=iste] 224
7 TPNE DP9 s &-=of 7JAlstt

on Read/Write Request of LPNi:
if the TPj covering LPNi is found on TPC
select the TPC slot;
else
load the TPj on a victim slot of TPC;
if the request is Read
determine PPNi corresponding to the LPNi
based on TPj;
else // the request is Write
allocate a free flash page PPN;;
update the corresponding LPNi entry
of TPj as PPN;;
set the TPC slot as dirty;
update access time of the TPC slot and
the corresponding TPNC entry;
return PPNi;

Fig. 5. Algorithm of Determining PPN from LPN

load TPj on a victim slot of TPC:
if TPj is found on TPNC
get TPN of TPj from TPNC;
else if the DPk covering TPj is found on DPC
get TPN of TPj from the DPk;
else
load the DPk on a victim slot of DPC;
get TPN of TPj from the DPk;
if (TPC has empty slots)
select any empty slot as victim;
else
if (TPC has clean slots)
select the oldest clean slot as victim;
else
select the oldest dirty slot as victim;
save the TP of the victim slot to a free page;
update the corresponding entry of the
DP covering the TP of victim slot;
load the TPj on the victim TPC slot from
flash page of TPN;
set the TPC slot as clean;

Fig. 6. Algorithm of TP Cache Loading

DP 7RAJo] e gt 20| ¢Lod DPE SojAl ZhAl
Z7kshe, 2 apge 1% 79 dunejEat 2ok D}
/1%l Bolx] 913 DPNS CDT296 Sielst 2 ol
A2 9lof eIt} ojr} DP 7jAlo] ¥l g=o] g
7NN} Zte H}mi S|AICAL Bt=-e ANE} o] 3he
o A% Zo|ckd WA Za] molxlo] 7= st 1
DPNg GDTO| alig 220l Z3Alzict.

load DPk on a victim slot of DPC:
if (DPC has empty slots)
select any empty slot as victim;
else
if (DPC has clean slots)
select the oldest clean slot as victim;
else
select the oldest dirty slot as victim;
save the DP of the victim slot to a free page;
update the corresponding entry of GDT;
get DPN of DPk from GDT;
load DPk on the victim DPC slot from DPN page;
set the DPC slot as clean;

Fig. 7. Algorithm of DP Cache Loading

IV. Performance Evaluation

FTLOME 2AE0A Q74J%t Hlojy mojx]E AL
s 7Q) ol9]ofl TP DPE 9111 & Quis| =7} 4t
EIoh. ML-FTLoA sk eulsl| =] tigh /ds B7t
= 317] YA AR A|AEIOA Al ERfo]A AHE

28o19Irk. UMass E2fo]A+ of2i3t 2402 o] 4}
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25 Z190Y] 71 %504 Financial 11} WebSearch 12
ARESIRITHY]. & 13} 20| Financial 12> 22191 EFHAY
A A2 AHolA a5 oz g7]e 27|17 RS
AAURITE 271 @7do] A Bttt WebSearch 12 <)
AEoA A% Z102A 77t deAor Tol o]
ojA|t], W QA 71A0] Financial 1¥ch X Ft}
UMass Edjo]A0] 3P4 Z3tE Financial 2= SSDe] 3.
717} 1A 0.6GBZ ArotA A5t 11, WebSearch 29}
32 £7J0] WebSearch 11} 79| [AlstEz AY=FsiRl
tf. UMass Egfo]20fA= gHelof] e17]/27]15 Q7dshe
717t v, 1ol 7ol tistel of2 mojx]o 2
MM AH71/2271F sliof gt Financial 1914 97| 27
= Bt 2.35H0]X], 27] Q72 P+ 3.7 Ho|x]o] AA
A o]fojxItt. WebSearch 19] 74-20ll= 274 ©97} ¢
&AM, 971 87382 B+t 15.1 Hlo]x], 27| 94 8.6
Hlo]x]of] ZAA] o]Fo]ZIt,

Table 1. Characteristics of UMass Traces

Write Average
. SSD
Trace Request Inter-arrival C it
Ratio Time apacity
Financial 1 76.8% 8.2ms 644GB
WebSearch 1 0.02% 3.0ms 17GB

Ui og ZefAl W29 gt Ho]x]of 7]+ HE
2KBo|AY 1 o]Atolt}. Financial 12 650GB =719
SSDE vhgstal QlojA ti&s SSDof digh 2715 o=
ANE QEESH} J2{u WebSearch 19] 720+ 17GB
Ao 270tk o] EfolAsg HESIHAE Uil
SSDoj| tiet ML-FTLO] &5 A5t Hoizr] Slsh
A mo]x]9] 2710l IKBE -85t Algefo]lidE Rlegst
ot mojx]e] =7]7} 2KBo|# TP shjof] PPNZ 51271,
DP shof] TPNS 5127] 7158 4 911, J2iH GDTY
|t Qld A7} Financial 12 1300 Axyho]] E]A] Qa1
WebSearch 19] 73Qof= 1A+ 33 Az g A} 1 o]x]
o /0] 1KBE A8519l 2 Holxl F /1= 4
§=9 471 TPe} DP7} B guto Zol5m Holx]
o] F7]& ARto] =lo g GDTQ] 2|0 Q9 AL 82 &
ojut} J28{H WebSearch 19] 73Q20= 260 A2 &
ojutal, Financial 19] 3-20= 10,2007tX] o{UbA] DP
7iAlol digt e s Bo AEsH 45 4 7 gk
Alggfoldo] Mgt Al 2] mfefulg 2= 7MY
Byl Z1o2A gt Ho]x] 9i7]of| 25us, g Ho]X] 2

710 200usE A5l ALAQl 9o = 9l
AL BFgsIITH{ 10].

TPC-FTL-S DFTLO] 8|14 7HA12 2J3F RAMC] 7]
S YU Agsitete 7HA] FAF AREE TEOIHEA]
T 7MY A ES =Y 4 Tk 51ITi{6]. ML-FTLC]
N5-g Brtel7] YallAl TPC-FTLa} vl wslgic). &t mjo|
x]o] 377} 1KBo]=.& DP 3sftof 256719] TPNEO] 7]
251, o2ty GDTY 3I7]= 7]&9 DFTLolY
TPC-FTLO] BI5[IA] 1/256=2 T Zol&of. vl 7|&2
gt §19] 9j7]/27] Q7ge] tisto] Mz ¢huo AQ% =
oujg]Eolt}. RAMO] 4972 TIF Zo|H L Q|3
E7F H2 ZoUX] oo sl Zlojoh

TP 7)Al= &1E &85t ML-FTL2 DP 7iA|E 87}
Z7151L TPN 7IALE oAl 1KBS] RAME F715F 720
oist g7t Aujolt}. & 29Fdo] ML-FTLO] Qus|E
TPC-FTLOJ| vlaliA solu7]= SHAIRE §171/2715 A2
Sk KA AQ AJgto]] ]S of njulsit). Eofu= A
Z7} Financial 19] 73%0)= 217] 280f 1.00%, 7] &
o]l 0.53% SoJLbal, WebSearch 19] Qo= Q7] @
Aol 2.51%, #7] 970 0.02% & SolU= gloj] 241
C}. o]=A ML-FTLS GDT2 93t RAMS| F7|2
TPC-FTLOJIA] v]a|A] 1/2562 &7|A 02 ZolHAE Q

BEIS 371 Uhg olojgt S Slsle,
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Table 2. Comparison of Overhead

Average
(a) Overhead (us)
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Time (us) i N
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Fig. 8. Overhead According to the Number of DP
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Fig. 9. Dividing Cache RAM for TP and DP

V. Conclusions
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