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A Compact Representation of Translation Pages for Flash Translation

Layers of Solid State Drives

Yong-Seok Kim*

Abstract

This paper presents CTP (Compact Translation Page), a compact representation of translation

pages, for page mapping-based flash translation layers to improve RAM utilization and reduce the

response time of solid state drives. CTP can store translation information twice in a translation page

and the total number of translation pages stored in flash is reduced to half. Therefore, CTP halves

the RAM size of the directory of translation pages and uses the saved RAM space for translation

cache.

translation layers.

CTP shows the best response time when compared to existing page mapping-based flash

» Keyword: Flash translation layer, Solid state drive, Page mapping, NAND flash memory

[. Introduction

NAND ZeA] Hlxe] HE& AR83l= SSD (Solid State
Drive) Foh& Au7)7%5t oz} uk PO dlo]e] AlE]
AB7EA FRSIsk A AREE L Stk 7|9 sh=r 0] H]
A A7 A, S, AYAR, sl tigk Ui 5o o
oA Fefska olxle &R ZHAR JiAdE o7k Qlvk
GHoRE 7]EY HolHE MRS HolHE tA] 71557
s &2 o adw 7|58 7 glonE ATE
G ool 2715 Ay v ool 71Es)of she Helth
Wk 2901 27]E WHEeRE SejA] wiRele] EelE 540
st ng o A4-7] 3]l Agho] QlojM shmr 2T

Hleix] o] FHrhe 9% vk

ARy 22719 TAE A8k flaiME F 7HA el ¢
Tl shvks 71E9] stEraaE 7vko s AAE 5 1*
& ZHA diRE]e] A6l s 3] thA] sk Aotk
e shube 7189 FAA2RS atE ARSHE SSD diel
A delEE 7158 dolA] fIAE Hds] AAsta 1 91
ARE AAlA #ejste slolrh. S A 2FeA 2 A H
=24 #o]#] ME(LPN: Logical Page Number)& SSD U5

r

of AA=Z 7158 &4 #Ho]#x WE(PPN: Physical Page
Number)= 243] wjgate] Heeles g} & =iolA=
F2pe] el diste] 710 WHES e a8 WUk
< A g

NAND Z2A] w=e] o] ej7|u 22715 93t 7 =
ojxlo]aL, A§-71= YA s HolAE] [l £5 &
=Rk 7hseit). &, SSDE BEE5E] HHeR ?"éﬂ“ﬁ 9]
9] E52 dAst 7H‘r«] Aol A g2 P LA~
A adste 54 w=#A oA (LPN) 227] 839 TfHE}
SSDE W9l ¥l &84 #lo]#] (PPN)& AdElste] 7153 &
of 1 w8 FRE F5¢th 54 PN W&S =& o
HE A7|SateH A28 o] Ao 71531l o] ¢ Fo]=
Fasigitt, 54 559 dojAEe] BF Fasted o] E5
& A§71E AN el HolA 5ol AEE HlolEE 715
& 4 A @ SSD 9] AXEge] AFTo=ZA FTL
(Flash Translation Layer)< LPNS PPNo.Z wsg3}l= 7%,
Fashe HolEe] XFE E5S A9 ARET F =

= 288} 7] %5 (garbage collection) 2 SSD WH-¢] & &

}01'

ﬁ
—
%o

* First Author: Yong-Seok Kim, Corresponding Author: Yong-Seok Kim

*Yong-Seok Kim (yskim@kangwon.ac.kr),
National University

Department of Computer and Communications Engineering, Kangwon

* Received: 2018. 07. 24, Revised: 2018. 10. 26, Accepted: 2018. 10. 27.
* This study was supported by 2017 Research Grant from Kangwon National University(No. 520170078)



2 Journal of The Korea Society of Computer and Information

S(wear leveling)

SSDellA F4x wjg JugE #o]A| EHE Helslr) 9

= 95 RAMS] §3Fo] W] 23 QJule= A g4
= RAME| 8& Zolt Aol W Fad) lold 4Rz
EANE BGUAE RAME §2E Fol7] e o)
3 ARE S vmeld] 12eha A5 AHgEE 1 A
% RAMO) AN FH . Belshoriet, B =Rolale FeAl v
melo] J1Seh g ARE BEsH: BHe el 4F

s TR 1T PP A HHfﬂ YRE 7S
= At} o] AL FalA] 209 =X
% SSDE) A5 ANE & 9

T

[I. Related Works

LPN& PPNO® vigshs Wo s A7 oA @92
Aelhz slloA] v} S5E9R Ajshs &5 v, 12
L o] w& AFete] ARehe stelHe|s wige] 1], v
o] & LPN & PPN& wh2 vjda}] ol u}ﬂﬁ
HolArt LPNvit}h tf-3-%]= PPN ARE dejsfof sfe 1
AR7F U isiA RAMO elsb|7F erebsith, &5 vl
S F2 wEE BF g9E Ashs AomA =u4 B
RS tﬂﬁ‘ro}ﬂ, g ==5ue 54 se]

b=
=5

=
°
~
=
Y
1o,
=
o
fr
o
e,
e
22
_E

A1 64G HFO]E &89 S SDE 71438 B4k NAND
w2 e ogst AR A, o 7HA
TLE ] A5 HlaE 91siAl, ti2AQl 21024 & Fo]A]
o] A7)+ 2K HMEOH g B52 64719 HoAER T4
"oka 7pggei2]. #HolA] wig> LPNwkth tf-&-+= PPN
ARE gelsfor ff&ﬂk 64G Hlo]E &9 SSDefl& 2K ule]
E 77)9] #Ho]A|7} 32 x 10° sfo]ar 3 3 o PPNS 4 u}
o|ER 7|Z3hpH W3 Auzuk 128M Hlo]ES] RAMO] A&
Tt whde] BF wjsds A8shd g E5S 64709 Ho]
AR HAHERZ 13 ARE 93 RAMS £33 1/64%]
2M H}O]Ei 301*“5}

o
£ 2
>

il
[asl _%

et
r\(

rir

|

o

fAolol Shes g Aol
A SoAEE AT BAbsioah
e soluzls vhgel A4 Beke) 21 B85S
F3 7] AYe o] 21 B2 o)A Bl /2w,
27 8E50] v} 2uHW 21 B2EY A AoHES
29| dlole] BE5o) el wegsle] Az B 7]

7] =
SHoEA Fa doAEY] HBAHES U [3-6].

o7 vE& AEsHME RAMS] §3S Fole WHo=2
A DFTLOA = Ho]#] vl A
Translation Page)oll 473t} 7
9k 7158 4 visg o] ﬁlﬁ-@ EHE]'E} A WEelol A TP
& oledd Alzto] ol AREERE 2 ARREE =4 ¥

oA 5l tigk ARrTF RAMe] A P2 A= 5o =R AR

=
Bk olu) AN ATEE ol Aol v Fap S8
sAge] e HE ke AR A7 Ae) 33

A AQGE 7L Jeng =2 JFE] 7FEst) 2K Hlol
E 3719 8 Flo|R]e)= 4 ulo]E F7]¢] PPN 5127 71 =&
T omz oo 33l 64G vl E g3ko] SSDejl & 32 x
10° 7] FHo]A 7} 9om= 32 x 10° / 512 = 64 x 10° 719]
TPEo] ZHA HiEedl 7|S5Hch webs] TPE] F4 555
Jelld= TP M2 PPN 4ulo] ES A3 64 x 10° x 4 Hlo|E
= 256K Hlo]E9] RAMo] ARE-¥It} o 7]el] st A7]9] 4
g AN E s e sk RAM &3] dubH 9l Ho]X]
ufg B2 o] 128M Hie|Evt £5 ullg whAle] 2M nle|Eo 13|

A dE Ed 5 s Aolth

DFTL2 2138 AIAE &3] <LPN, PPN> <] nld=
Helshzt v CFTLS FUg 719 7jAel no} g
FEES Hdshs WHS AtelrH10]. CFTLS A%
LPNES afthe] 1A &5l BAIE = J=S 7N 9] 7 &

=55 <LPN, PPN, k> 8402 g&sl=t], LPN F§ a3
k 7)) slolx50] ejxlel PPNYE Q44 kel delAE
o 7125)0] &S BAES sk, wak shto] weld B
ol shpel Bl ol |5 A5 WEz B g
9] A\saisieh, AL 9 R S ol
gomm AN o Be YnE /1% & Qa mebd AN
A ABEE YPRE TPVIS D) 9
A B9IE HeEE A
At

11

O

oA 54 =4 Jﬂ ok g EIsithe QUi el sle)
AEE AHEE TFsHe] BOBE oSS Folx %@ da
7 gl Aoleh TPC-FILAIAE olefd wAolA g

AANE TP G2 #Fo=n Are HTES =AUH8]
shupe] TPell= 512709] 9143 LPNS 93 dH5E5o] ¥3hy]
v Al 55E FollE AT LPNES AR} g4 A%
wo] Qlojxl F3HA A Gl gk E4do] wHdEE Zlo]
TPC-FTLe] AIZFE A9 % f-4381 S857] flaire
2138 AAE 913 RAMS F83 7l52] TPES A4
3}\_‘: .0_ zﬁ-ioﬁo]:au}

B =RoxE= DFTLelY TPC-FTL3} Tr/%o}ﬂl #Hlo 1
BE AE3UAE TPl WlEARE 75
o] ahite] TPo - uje] HrE 953t 71ﬁo¢ﬁ éaiv}.
upgbA @A TP /4t Wo g Foj5a uehs TPES +
25 7]15317] 918 RAMS] &%= jho g Aofst = it}



A Compact Representation of Translation Pages for Flash Translation Layers of Solid State Drives 3

[1l. Compact Representation of
Translation Pages

1. Representation of Translation Pages
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V. Performance Evaluation
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Table 2. Average Number of Valid Pages on Block Merge

Trace Average Number of Valid Pages
Financial 1 1.56
Financial 2 0.23
WebSearch 1 0.00
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