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Abstract

It is necessary to develop the flash memory system software FTL(Flash Translation Layer) which is used in mobile
storage like CompactFlash memory. In this paper, we design the FTL using clustered hash table and two phase software
caching method to translate logical address into physical address fastly. The experimental results show that the address
translation performance of CFTL is 13.3% higher than that of NFTL and 8% higher than that of AFTL, and the memory
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usage of CFTL is 75% smaller than that of AFTL.
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(block, page)
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2 (0,30) 0,2
1 (1,0 0,1
0 (7,30) 0,0
Use{ S§are
data data
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Fig. 1. Address translation scheme of intel FTL.
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Fig. 2. Address translation scheme of NFTL.
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Fig. 3. Address translation scheme of Intef AFTL.

Tableg A14%t}. Fine-Grained Hash Table®] =7)¢)
Aol 9le 22 Fine-to-Coarse 7te] A 7|Ho] I
8.3 o] Ag-3tE 7o) LRUE 43l 93 7]
Bt AREA ¥e JEZES Coarse-Grained
Hash Table2 ©]%F3l= 7|H& AME-dth AFTLS
Replacement &2 U= Valid HlolE &S #HojA ©
A F4 U VY-S AMRStn 22 HE HolAER
13 Garbage Collection & A &% 54 Y& ¢
gH oz AAAA LHI=E EAch AW AY 2
HE AHEH HolA T T4 ¥E YA £F
49 F4 HES ERYLNE EFED 4 WS A
Fo] NFTL#% ¥thE o7t gleke o] wielth

M. CFTLe dA & +&

2 =FoA  A¢sE=  Clustered FTL(CFTL:
Clustered Flash Translation Layer)2 Qut sjA] €]o]
& 2o flRe Algo] A1 o83 T4 W Al
A5o] Hold Clustered Hash Tabled 2 &3t} 17
I AFTL3 Zo] EZ, #Ho]x] ©gle F4 WHF gHo
B 71H& &E83HA Fine-grained clustered hash
table 2BAIZ dAste A HFES F7F AR
o =3 HAFEY AsE =ol7] 98 vz #Heln
aH 7Y F Asel 1 oWt He Aew ¢
2 NUR ¢3n8FE AMgstd MZE Fine-to-
Coarse A 7185 ALk

1. Overview
a9 4% CFTLY F4 H@ Wi A4 #3258 4
gl dubyow FTLS F4AWHE dHye Fox



2008 38 HAtses =EX M 45 A SDH A 3 2

B (thresheld > Hit caunt)
1 then promote

Shost Fine-Grained . long Fine-Grained
H o (ored Hash Table(l2)
promote - Y ; .
LBAI , ﬁr«_jA; HUR C;—Iﬂ:
st

Access . . bits ; Count
. ’ NUR Kt
to'LBA . LBA-! Gt s Count
e NUR R
LBA, i LBA, ; Gt bits Count

¥ {threshold = NUR bits)
. then demaote

SRS arse to Fine: H count
Fing to Coarse: NUR its

] VoA I

|

Corse-Graitied
Clustered Hash Table

I

! - | —

) 1 . Jiazh

| VBA, | PPBA | RPBA - mum} | ; |
i 1

Hit A
ount § ¥

VEA, | PPBA RPBA |
| i i :
'vBA, | praa | RPBA | SR |
. . B N !

tash Gase

a8 4
Fig. 4.

CFTLe| & #& I

Address translation scheme of CFTL.

LBA(Logical Block Address)& 723 PBA(Physical
Block Address)2 W&3te] dlo]Eje] EaAQd FaA
HE2e F42E AFsted 53 LBAE 8% A 71%
WA Short fine-grained clustered hash tablesiA] 74
2 Sl LBAY] A& dlojE7t EASIA &S A 2 o
€ Long fine-grained clustered hash table& 7 4&ich
8lR| 9t Long fine-grained clustered hash tabled] & &
AsA] %& Aldle Coarse-grained clustered hash
tabled] X HFHoZ2 TAE Alagle] 8738 LBA
o o3 FA HE FRE F&

297 Fine-grained clustered hash tabled] A 74
& Al HeolA Ty F4 HE 7HE o8 LBAE
2  PBAZ  Wi#e] 7}EdA%  Coarse-grained
clustered hash tabled A A& Ao NFTL#H w3
AR B B9 F4 B 7He A8 VBA(Virtual
Block Address)$t Block offsete2  WE3}a,
Coarse—grained clustered hash tableollA Primary
Blockdll Al #133h= VBAE HAsA Hed sdsis
VBA7} 918 AlolE Replacement BlockolA4l Block
offset& o83ty ST73= PBAZ A3 Boffe
d4d HAEY €A & JERRL offset2 A ¢
o] Subblocke] &A1& UEhdL ol& T #HA"
PPBA(Primary Physical Block Address)¢t RPBA
(Replacement Physical Block Address)& o} FAE
washA o

2. Clustered Hash Tabie
Clustered Hash Table& A Sun Microsystems
ol 4] A A% Clustered Page Table 71'-& FTL Aol A

97
[ VBA [ Offset |
[ Hash J
1 [ }—
Hash base
a8 5 g4t Hash Table

Fig. 5. Traditional Hash Table.

] VBA
(e )

Hash base

| Boff] Offset ]

32 6. Clustered Hash Table
Fig. 6. Clustered Hash Table.

dHE oot} Clustered Page Table® 64bit 7H¥
vz e ol 71 F9 3hvho]™ Hash tableol
A Subblocking 71& o] &3 &3 o},
Clustered Hash Tableol 41 ¥#-& Subblocke] &
ejulate] Z Subblock®) 7§5E Subblock factorzh
A B =T} Clustered hash table®] #7322 +& Hash
Table F4 W# %7} ¢4 nAso] glof {43}
A %38t Tag ¥ Next ¥RIE|7} ==& F713og
gastez dR2e AMEFN 200%9 oW =r) &
Aygtet, &A%t Clustered Hash Table2 138 63 o]
A G2 FAEH §lo] vRe e ATl 1 5
9] Hash TableXth At} T3 A&Ho|HA FAld
AH48te HolHES Clustered Hash Table] ®# <]
SubblockEe] HAsHE A&HA T4 H2 Al EE ¥
W ol Fine-grained clustered hash table® T3 H%&
& 57 AE F Ak

o
=
al

3. 2 A4 Fine—grained clustered hash table

CFTLS A%5S ®ol7] 93 st=Ho /A 7/ F
9] 39l TLB(Translation Lookaside Buffer)®] 743
£ g3t 1Y 77 o] 2¢A Fine-grained
clustered hash tableg T&3ITE 7€ Software
TLB 7|9& AH&317] Wjie] H2 £E5 &4 AR
= R3IA% 294 fine-grained clustered hash table&

.



98
1f (threshold > Hit count)
Access then promote Prchimaiirl
Data <« (Phase 2)
¥ (threshokd > NUR bits) 1 /
then demote
Coarse to Fine: Hit count
’ Fine to Coarse: NUR bits
Clustered Hash Table
a3 7. Coarse-to-Fine, Long-to-Short &2 A=, 12
2 Fine-to-Coarse 25 H&
Fig. 7. Coarse-to-Fine, Long-to-Short promotion policy,

and Fine-to-Coarse demotion policy.

o]-&-8] Miss Penalty® #£A7|% Coarse-Grained
Clustered Hash Tabled] HZ RIEE ¥& & o) 1
HBg F4 HE §¥Ec] Fine-grained clustered
hash tabledl Xl o|HARAER F4 HE ANE Y F
Ack EF 2dAe] T4 @I HolEE FEE ol
w2 Coarse-to-Fine L Fine-to-Coarsete} o]%
Aol WA} coarse-to-finel & o|FdE A2
A& Eof 54 LBAJ 22 H2og 98 Hit count
7 93 FE S48 XSl = Long fine-grained
clustered hash tableZ %F3%th olet &7 Hit count
£ %713} 9. Short fine—grained clustered hash
tabledl M= ol AHL FU3A Hedd zeEx
NUR 7IH& 538 4F Az < H2o] 52 g A
Fine-grained clustered hash table®l 4] Coarse-grained
clustered hash tableZ 735 ¥+= AA& H &3} o5
Fine-to-Coarse 7% Z#o[efal gy,

4. NUR(Not Used Recently)

NURZ A LRU9 Uz 3& w3 =2 LRU
714 9l ¥ de 7o gEA itk NUR
< LRUS 228 =&, ¢4 HEFE HE ¥EE A4
3o} Al2”o A A Folniet vlEd me) H 2o

A2
¢ 2 SRES BE B 5 E PHoI T A

o
Ase

E 1. NURY &= oM dlEof ofE mEh M
Table 1. Replacement policy for reference, modification
bit of NUR.
Az WE | 574 HE e
0 0 CoarseZ ©ol&
0 1 £.z)
1 0 £2]
1 1 A

B8 XNAHR MAHE I8 Clustered Flash Transiation Layer

E 2

(324)

14
)]
ol

ARG FR] HU=AE #I
Fine-to-Coarse A 7] A& &
T4¢ NURY #z, 4 H|EZ} 2% 0
ASE I Fae AEEHA %E Aoz Bu
fine-grained clustered hash table*l4 Coarse-grained
Clustered Hash TableE ©]% A|7]1 Fine-grained
clustered hash table®] €%& 24 ok

v.ds87

3% H7Me $8) CFTLAA Short fine-grained
clustered hash table, Long fine-grained clustered
hash table®] 27} ¥]&& 1:42 A3l Clustered Hash
Table®] Subblock factorg 82 dAHYL X 2= AF
A2 e WAty Aoz & Iz J=F HAv}
a5 Fd T4 7oA 2z FTLo
System Time% 103 %A% & F#Fe Yo
CFTLY AAHQ Aol d=f #WAvia HAEqA

AR

NFTLZ AFTLECD} wZ AL & 4 9t ¥ 3&
MFS(Maximum Fine-Grained Slot)o) @& CFTL¥

AFTLe} wjm2] AL8S w3k Aojvh Clustered
Hash Tableg #43 CFTLe] wWime Agse oF
% o TE AFHSE ¢ F Atk

99 4% AAE CFILE 7|Fo2 AES ud
F 49 Zo] CFTLL AFTLET wRg Ap&go]

75% ol H2WA NFTLEOE B2 3 37)oy

HEF Hixiolm MH Zo}
Table 2.  Andrew henchmark test resuft.

NFTL AFTL CFTL
Real Ti Im 1m 1lm
e 047s |  1430s| 1027s
User Time 34.66s 34.95s 36.34s
Systemn Time 1441s 13.70s 12.68s
System Time 6025 | 58|  ARs
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E 3 bZe| AISE
Table 3, Memory Utilization.
MFS( L1 + L2) | NFTL AFTL CFTL
2,500 + 10,000 640KB | 2441KB | 6]1.0KB
5000 + 20,000 | 640KB | 4883KB | 122.1KB
7500 + 30,000 640KB | 7324KB | 183.1KB
10,000 + 40000 | 640KB | 9766KB | 244.1KB
12500 + 60,000 | 640KB | 1220.7KB | 305.2KB
15000 + 70,000 | 640KB | 14648KB | 366.2KB
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