Journal of Korea Multimedia Society Vol. 12, No. 2, February 2009(pp. 165-177)

EaA] Wz 7k dulel= dle]E o)L AlLFle]
27] A% F4E A Ad2r] 7Y

2 o

A A2 2 (sensor node)ell 41 2] HolE] 715-& ¢l8) NAND E#jA) vxe] 7]uke] Juir= djoEm o]
Az=ge] dg) AMEH I it EHA] HEYS 27 B é‘rlﬂ?ﬂ«‘}& 917 atel] us) A)zko] Wol AR
719 248 kAR wEbA olE @ QEE Zole R volEuolx A2de 45 T e
9 ZY A Fosth B =FdAME olF 8 Na27] 71HE ALt o] 7Y HolHM o)X
#HelR 9 3 %“ﬁ; MEo) @27 AAEE A3 ol o)A 2718 FUAL=H FHA
R ale] tig 271 A48T A4 Adbg A ek Adsie 7P dolH 7159 HFo] w2
AME=E HIOIEW“"]Z: Nade) A5E Eola A vy £3& SHUA Hoh

Delayed Write Scheme to Enhance Write Performance of
Flash Memory Based Embedded Database Systems

Ha-Joo Song*, Oh-Heum Kwon"

ABSTRACT

Embedded database systems (EDBMS) based on NAND flash memories are widely adopted for logging
data on sensor nodes. Since write and erase operations of a flash memory are time consuming compared
to read operations and wear memory cells, it is important to reduce these operations to enhance the
EDBMS performance and to extend the memory life. In this paper, we propose a delayed write scheme
to archive this goal. Proposed scheme stores updated parts of database pages into delayed write records
to reduce the database page writes. By doing that, it decreases write and erase operations on a flash
memory. Therefore, the proposed scheme enhances the logging performance of a write-intensive EDBMS
on a sensor node and extends the flash memory life.
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12 remove all in memory DW Records associated
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13 ps~>dwStatus = DW_NEEDSYNC;

14 return NULL;

15 endif

16

17 DWRec dwr < allocate a new DW record.
18 initialize dwr;

19 add dwr into ps->activeList;

20 return dwr,
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flush_page_buffer

1 FILE cur_dwFile;
2 boolean shrinkMode = FALSE;
3 if (DW File Shrinking is needed) then
4 cur_dwFile < open new file
5 shrinkMode < TRUE;
6 else
7 cur_dwFile < current dwFile;
8 endif
9  write BEGIN run record;
10 foreach ps in dwBuffer do
11 if ps->dwStatus = DW_SYNCED
12 || ps—>dwStatus = DW_PURGE_
DELAYED then
13 add ps—>page_id into syced_page_list;
14 continue
15 end if
16 foreach dwRec in ps—>activelist do
17 write dwRec into cur_DWFile;
18 if ps—>dwStatus == DW_PURGED then
19 ps—>dwStatus = DW_PURGEDELAYED;
20 else
21 ps->dwStatus = DW_DELAYED;
22 end if
23 end
24 if shrinkMode == TRUE then
25 flush all dw records in ps—>stableList
into cur_dwFile;
26 end if
27 move all DW records in ps—>activeList
to ps—>stable List;
28 end

29 write synced page list into cur_dwkFile;

30  write END run record into cur_dwFile;

31 synchronize OS buffer and persistent storage;
32 close DW file;

33 if shrinke_mode then

34 delete old DW file;
35 rename new DW file as DW file
36 end

build_dwbuffer(FILE dwFile, int curPos)

1 Transaction Record tr;

2 Delayed Write Record dwr;

3 PageStatus ps;

4

5 move to the last transaction run in dwFile

6 while there is transaction run to be processed do

7 foreach dwr in delayedwrite records in
transaction run do

8 ps < look up dwr.page_id from the hash;

9 if ps = NULL then

10 ps < allocate new PageStatus object;

11 ps.page_id «—dwRec.page_id

12 ps.dw_status «<~DW_DELAYED;

13 continue;

14 else if ps—>dw_status = DW_PURGED or

DW_PURGEDELAYED

then

15 ps—>size_obsolete += dwRec.rec_size;

16 else if ps—>dw_status = DW_DELAYED

then

17 add dwRec into StableList;

18 endif

19 end

20 foreach page in syncedPages do

21 ps < look up dwr.page_id from the hash;

22 if ps = NULL then

23 else if ps.dw_status = DW_DELAYED

then

24 ps < DW_PURGEDELAYED;

25 end if

26 end

27 proceed to previous transaction run

28 end
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7183k} o]& B 1o HE Fo ]_11
58 t2aa Y9 E (bandwidth)d] FE5E Fich
wpela] g2 B5(512 vlelE o)) Hi é’:oqx]
W 7] dake] kg FolXe ‘\?%T-Ur
= 71He dlojg o] Hojxe] A5
Ao HolA HAlol it BAE 7}
A} olAe] HA Ay A
ste] golxlo 7E gt &, A7
Exog g 2l rIFEHe A2
(dutA oz 4] Hlo|E) 9% [BlET) %
2@ 5 AUk

BFTL 719 €] of oFw H (reservation buffer):= #|
ksle 712 A dar] MAY fAMSE 488 79
sk, Fo) Aol gk 7Yl Axkg HolarlE 85}
A gfn M o] EA] F3te AEshe Folde

Agkals g BAG AT Pl & & Aok

O\nnr‘i

im{}lm‘&ixlrrzz.é

]
o0 = korr S

Olr —g-'
ra
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r
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gt Aeksle 7oA E Holx 7t vido HAjE
g A7 W] AFE YIL=E FHEII}EE 5
o]A WA e 419 #Ho|A] oju] |7} EA| g}, o]
o 3] BFTLOAME 7841 o] A9 #o|x]e} 7§41 ©
olE7t M2 BEPFo g EAFT. 223 o o
o diolE & AAsHH wlo]x vix9 dolHE A
45A gevhe AdA Aolrt k. =g BFTLO]
ARl HolA gt 2-8-F = Ao vl AL3h= 7Y
2 42 4 diojy #Holx ZF HE&F 4 Ut

23wy FTL 71¥(log buffer FTL)[12] &
A M=) AEd s} gile] dolye B9 E
Al iEge] i JAs oW HE NP5l o7)
o WA E volelE AFshe FIL 7I1Ho|th A¢tst
= 7I¥UF 2Oy 1Y B 5US golArt A&
o2 AAEE A fEdlte FAAe #A
g 5AS K 9k §3sts 5] AE g ¥
olAete HAAMe TR =3 At 7Y
HolA e U g F W3l REDS X5 wtd
2y 7|gL ¥48 AA A8 5 A= A
A zte)7t it

Agrale 7o) AT wHolx9 21 A=
g o] &3tE AL FuEA[3FG FALsT Ao
& [13]19] A9 Flash Memory Page (Erase Block
@9 Holl A" HoljR e 2 HIAEE A A
71 ¥HA Adsle UL ¥ g 7&3
= AHolth o)A [13] 7]¥e] FIL F&ol 4 M4
oo} st HHH A|otsle 7L Y AlaE AHg
TFEAM AAE 5 USE £33 S, EPA W=
e AZAXNE Ik G2l (13]0] 34
FEAA FZske iEelEr & & Aok (13194 =
ME OE F #HoArt AAHE Y 44 20t
Hx o] A A}, dhde Agtsle 7P
617 FALIE R A2 oe Fo]Re] 2t FU3
SHA dze A AFd § A3 o] Ao o
A FHAl 27 35E YA 7] F4E 2Y
Utk (1318 o)y HolAE ¢z FFA
Erase Block 9] 21 #lZ=& 4 #A(associative)
ANl & Fart dot. vkl Agtee 7P 2z
Holx 9} #HH A7) PI=9 &4 o5 F 2
71el 78] FE3= HT delolz B 4 Uk

Moz Atete 71EH 718 FARE AL
3= gl REDO 27{(14] Wolgt & 4= it} 4=

)

25 Holx]of g4lo] o]Fold wof S F
Yz FEAM 21 I At ERAA
ABIA O o] RE A& AZFA 715t W
A EYsltt stATREDO 21E H o] ulo]& Al
2% Q7LEA 223 E dACN AUE st
o] B Wl o] 2e] HIEA] MY HEE 517] ¢3 &%
2 A2 EE ), Ad27) HEEE £43] d0)
2 AL XA A% fmolt)h =g (AR
7ML nF3E DAV ofd AFAHYA F& Fol
AHgEt e HAME Zol7t st

4. 8T}

Il

Akt 71HY A% Hrisrl 8 SQLite
EDBMSe At7IHg FASEA & 1& Ags=
7149 A5-& Brhshr] A stedeo] B AZES
of 8748 Jed Aot

Axxze] AW tE do| e o] 27t 874 A
HolE & 7|53e $E2 AF AL HEER HolH
Aol AaFHE Ak 9FE APE FHSA
Hz=e] 77t 22} 16uFo E 9} 256810l EQ H) o]
B& AR W ol Bl A AlRtate 199 7]
£ 7N e dF2E 10000708 Adsted 20 5HE
AZbE A AT

Az 49 28 %5 gzo] 277} 16 vlolE,
256 vlolE o o, "olguolxo AV|e 47
241,664 vlo] E 9} 3,149,824 violEZl HAE=w A
22719] Hgojo] Fagle] F FLF Avloth

E 1. A 2

deite Al2" HE Cirrus EDB9315A

CPU ARMY9 500MHz
0S Linux 264
3o A2H YAFFS2
H o)A W3 40KB

NAND Flash 128MB%
AMB e A S AHE

a4 Awe (Large Block NAND
Flash Memory)
EW@HHY] FH INSERT, TABLE SCAN
g o] lo] & Ho]A] 7] 4096 bytes

#Hz=9 =7

(record size, rs) 16 bytes, 256 bytes
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i

AA Atshe 7PHE AHEsl7] S8 Frbe e
Fog Agae) AeE B wdviEe AL S
dolEth E 2 AY EINAY f¥ER HH A
A dzhy] = ?z«l =27 ]_ YER Zlolth A AL
s NSk H 10% 52 94
& FohEl =

2z A O}'c}‘—,}

.1

it

mm;g‘u
b ol
—:—‘_B“_,E\%QH
x F
r&m
%
N3
o L
=)
A
o o
S
>
op 2
=3
for

i

=

>~1mh

V—‘*r;“:_g

R
é“.:i%:}rﬁ“‘—a

ﬁdiﬁ.rﬂi&

o
i
N
oL

I AH ENAE A8
s e} Wit APt AR

5 o2l
lo
fru

fi L&J

=
)
e
fu
>
ey
X

T P ]
o T |
»
tlo
0
<
%o
,g,

s
i

£ 3 Aderlel e WEe 183 S48
AR A WS A8 BF) ZRAlx ol
BHAQ) W AL v &g vt
Wich AAns] daEe] o) wol 455 vimel
9 AHEFE Folg A0|BE ¥ 2 A27] %A
B 270l = 94l) % DB =70 ola

vt

m[o

X,
i)
iy
N
o

B 2. XeiMo) melel B AC|(H0)E e9)) ¥ DBUY

A7 whel FHof Bl

325/
Edgy 1 4 16 64 256
(EHHH | (10000)| (2500} | (625) | (157) (40)
B

e | 34 | 169 94 46 17
s= (34%) | (6.8%) | (15.0%) | (29.3%) | (425%)
oosg | 364 | 15 | 115 70 A

(36%) | (7.8%) |(18.4%) | (44.6%) | (85.0%)

3700} cist vl
e/
Egyd | 1 4 16 64 256

(EHAH ] (10000) | (2500) | (625) | (157) (40)
9 )

23,108 | 19,018 | 15778 | 11,917 | 8485

57161 (9 5606) | (7.78%) | (753%) | (4.93%) | (3519)

~ 58,339 | 56,484 | 54,496 | 50,908 | 18,028
r5=256

(1.85%3 | (1.79%) | (1.73%) | (1.62%6) | (0.60%)

E 3. Xoiaol g M/Fol ozme] ALY Bl

a5/
EdgH ! 4 16 64 256
(EAHH (10000) | (2500) | (625) | (157) | (40)
9 )

1812 1832 1868 1928 2016
rs=16 | /1880 | /1888 | /1918 | /1976 | /2044
(3.8%) | (3.126) | (2.7%) | (25%) | (1.4%)

1812 1876 1924 2174 2240
rs=256 | /1972 | /2032 | /2084 | /2324 | /2344

(8.8%) | (83%) | (8.3%) | (69%) | (4.6%6)

2) SQLites A ALEE = Y Ha AV 8ulolE =
=(7) 4utojErtioly 4uie]B)E ALREE A Sde
glolE o]~ A71(152KB) Y] wisl 18.4%(28KB)
~493%(72K1B3) 2718 A7) sdo] AME-H AT

»7| el o) =719} AFA
< B % gk AAHo210% U WX
o8 Agsle Ag ¢ & gtk
P=F BATE FhA e
Ap=n %ﬂ’i}‘ﬂ A7)
FeulE #3900
‘%‘ " xA gk 29
2 A8 733
AAzy] W mEg] vl go] WEA F718HA =
1o whey %%@5 B A5 2As gk 53,
Zokzrq] S ZAA dolEHuW ol Holx g

A7t 327 g g A o A% 39S

SYsES ey 10 oot seuolE dRES
AgstE Ao Fepagel B A5 A A
He 20

2g1090A4 HEES EWAAT A4YE Has
o F AEZE AQALE A7 JdEdE DWS
O_DWE Z+zt Aet7|y-g 2E¢ 459 1%A
o ALE Jehd Hojrk Al A& oA
2®o) YAFFS2017) wi&e}] NODWE Log
Structured File System[6]3% 2 W& E[45]9] A%
2.2 B 4 9tk YAFFS2E NAND &4 W2
A aFHoE ¥R 5 Ae HY AaHen
AAYAFFSE M4 e Aolth. oA 2K HiolE
o) m7)8 zb= g8 el (Large Block) NAND &2} 4]
W HFgsl=2 Add Aol AP H2
=o] Z7lel AEglel v om A 7IYE A8
&= Hol 22 A% Byt 53] H=Zs9 A7)
7} 2 BAlC AlEE dRey Adt A8 Ay
AAon o £& ARE HAY olHAE o
ool WEk shalo] st x| izar] Hol Ao A%
g 4 glona AgHog wHolx] 27| Askg Fof
3 ek 2 ekg EAA 271 2 A7 E9

Z
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Eipased Time (rs=16}

seconds

1 4 16 64 256
records / transaction

(a) A== =7] 16 vlo|E

Elapsed Time (rs=2586)

400
350 |
300
250
200

seconds

B NO_DW
B DW

150
100
50

1 4 16 64 256
records / transaction

(b) Hm= =7 256 HiolE
a3 10. #=2E=

B AQAIZEE[R
= F 7] HEelth

@ g3Ert AAHE Bl volg #HolA
s} Qe o] A7} SAlO] AN AL wpA
© B-EY 992 #EE 93 o9 FojArt =
T4 ANY & ek o] ASolE Ao A3
ol }4¥ % Utk 2 EWMHY Pas9 2
N7k 4R $E ool B (27 1094E 6470
2349 A9) Ad2slel FHo) G4 AE
TSk lAe 4 A oy dmest gl
& 4% Aol 8 gaaE el A4l
G ol oA e At AUH o2 Fereiie
o A% 245 gE Aoz B 5 ok

ol#F 5L 2 11ME FA T & it
_—1%] 11& /E}»?:] /ﬂ—&]ﬁ. }‘z’sgﬁ],}: Xot Hl—xggl..‘:_ 13] o]
Huo]x #o]R] 7] A4te] 34F nlad Aoz
AQ27)7} 227) A4F] 34E e S F
A5 der A dFE AXY EWA
A AYEE dREl] At A FEE ¢
27] Ao} ZHa Fo] AA A HE &

Page Writes {rs=16)

60,000
50,000

40,000 F

#pages

30,600
20,000

10,000

1 4 16 64 256
records / transaction

(a) 5= 27] 16 HolE

Page Writes (rs=256)

80,000
76,000
60,000
» 50,000
[}
& 40,000
®
30,000
20,000
10,000 ©

1 4 16 64 256
records / transaction

(b) AFT= =7) 256 nlolE

22| 11, mhoi| TSt 27| 94t i4=0] H|12 (DB HOIX| TH)
Hzse A7t ALFE 284 ¥ B¢l vl
Babd Ho]x] 2715 o & A9 HolA ¢ 227]
2 gAFe 5o} ZasA 2 Aol ojA2 1
g 11-b7F 28 11-(@ET ZE J9dA #o]A
22 vlgo] B FL AL FIAE Fl ¥ § Jrh

a9 128 A2 E A “”‘gﬁ}h t o] Ej Hj o] 2
HolA o th3t ¢17] 35E Hwg Aot o= 7
FoM} A7 E FH ??_ A% o g oA
717 AR Agshe 71HE TY ZTRA 2
A A&siA ERALE FY3te Arode ol E
WA RAENA TG A7) JREE dR1v 2
ol A& AAstE FaS He Ak o] HAAA
A2 FEALS FAsH7) H8) W) ERAHAL] AJF
Alvieh Adzr] g £& e 4AS AR
o} o] HAFejA B Y ¢rvt BT
oj AL ERAM Al 3|59} vl sHA Ak 29 12
oA EAAAL YA Adgdte 2= At §
olAFE ENAAL e FoEA Hi 29 o
g 97 =3 FAEA HS ¢ F Uk
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]
Page Reads (rs=16) ‘
45,000 i
40,000 '
35,000
30,000
»
% 25,000
£ 20,000
15,000
10,000
5,000
5 ;
1 4 16 64 256
records / transaction
(a) 92= =7] 16 nlolE
Page Reads (rs=256)
60,000
50,000
40,000
@
©
g 30,000
Q
+*
20,000
10,000 & 4
P
0 v .
1 4 16 64 256
records / transaction

(b) #== =7 256 H]—O]VE_;

T8 12, medof ohst 947] ddt sl4e] Wl (DB Hlo|X|
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I dfy ofr
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i
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©
tlo
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i
9w,

o 2 &
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2
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<

S

o,

%
N
M 2 I

2L 0o froN 8 oo
& gt oo 2N

2" 1394 BEo] gmze Av|7} e A%

= AL ¢ 5 U 1A
gz=e] A7 AL A% A9xv) Fd =277
tlolEiHlo]l 2 A7) Hls| djF oz a4 YA

7 WEA Ao ¥ & Yk FY Av)e) HH=Q

KR
s

Elapsed Time (rs=16)

seconds

1 4 16 64 256
Test Database (records / transaction)

(a) BEE =7] 16 vlo]E

Elapsed Time (rs=256) T‘
1.60
1.40
1.20
1.00 §
0.80
0.60
0.40

seconds

0.20 |
0.00

1 4 16 64 256
Test Database (records / transaction)

() HZ=E Z7] 256 wol =

123 13, Hiojg A7 M5 H|W (XALT| HREE K35
NI

S

ARAANA Qe Az Ay W
Aol gl Ao Yehted 2R
ol A g AHE 8KB~24KB(rs=169] %$)
18KB~58KB(rs=2562] 7)ol thd ¢l7] Al
Folzt 24 &7 WEQ (A ms o) Ae®

KB
un

MR oo 10 o

SR IR
N

i
=

5. & ¥ g& o+

2718} aA dabe FYA vy A4t Fo
74 ARre]l gtk whebA EYA v Ee] 7]
b djoleu]o] & AJAF o] glof 7] AkE Fold
dolgHlo]xe] 8 d5& ¢ F Utk & =&
= wlolE o] HolA ol thet A g3
=9 Ad27] da=g Attt 5 e
ojAZt oAl HE wje A7) =Y WE-S
Hate Ad27] 71ME Adget Aldete 71
& 7B s = ol o] & Holxje) AeE EYPL
28 FYA] vlmzeo] gk 27)eh £A Qe A
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A7tk FA 42 et = dlojEwo]li AlxE F
8¢l SQLite Version 3¢ 783t A5-& 9|
A8 A #r] A4t FAE B3 dlolEHo]
BN AE5E AL 5 AsS AAFAT A
el 7l Ad2r] 2= AGE 3 dio]
BHuol2 wedde 2ed 29 398 Agsln
A2 22 A8 Y M open) = #H H(close), FHY
27, ol WA Fo 4] ewFer dAlg
o} 53] Adnr] 5o Fofo] wiwishA dy TS
& o AXA "o e FFd = H o el o]~
o AAR7IE 8 F7HE FA3MY o8 2
=g 2Y & IEF AR Aol
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X0

5

=gl

Mo

[ 1] Michael Wu and Willy Zwaenpoel, “eNVy: A
Non-Volatile, Main Memory StorageSystem,”
Proceeding of 6th Symposium on Architectural
Support for Programming Languages and
Operating System, pp. 86-87, 1994,

[21 Intel Corporation, Understanding the Flash
Translation Layer (FTL)
http://developer.intel.com/

[ 3] Intel Corporation, 3 Volt Synchronous Intel
StrataFlash Memory, http://www.intel.com/.

[4] Suman Nath and Aman Kansal, “FlashDB:
dynamic self-tuning database for NAND

Specification,

flash. Information Processing in Sensor

Networks,” pp. 410-419, Cambridge,
Massachusetts, 2007.

[51 D. Woodhouse, JFFs: The journaling flash file
system, http://sources.redhat.com/jffs2/iffs2.pdf

[6] Wookey, “Yaffs ~ A file system designed for
nand flash,” Linux Conference and Tutorials.
Leeds, UK, 2004.

[7] M. Rosenblum and J.K. Ousterhout, “The
Design and Implementation of a Log-
Structured File System,” ACM Transaction
on Computer Systems, Vol.10, No.l, pp. 26-52,
1992.

[ 81 Chin-Hsien Wy, Li~Pin Chang and Tei~Wei
Kuo, “An Efficient B-Tree Layer for Flash-

Memory Storage Systems,” Real-Time
Computing Systems and Applications, pp.
409-430, 2003.

[91 Song Lin, Demetrios Zeinatipour-Yazti, Vana
Kalogeraki, Dimitrios Gunopulos, and Walid
A. Najjar, “Efficient indexing data structures
for flash-based sensor devices,” ACM
Transactions on Storage, VolZ2, Nod, pp.
468-503, 2006.

[10] Christophe Bobineau, Luc Bouganim, Philippe
Pucheral, and Patrick Valduriez, “PicoDBMS:
Scaling down Database Techniques for the
Smart Card,” The 26th International Conference
on Very Large Databases, pp. 10-20, Cairo,
Egypt, 2000.

[11] Michael Owebs, The Definitive Guide to
SQLite, Apress, 2006.

[12] J.Kim, J.M. Kim, S.H. Noh, S.L. Min, and Y.
Cho, “A Space-Efficient Flash Translation
Layer for Compact Flash System,” IEEE
Transactions on Consumer Electronics,
Vol48, No.2, pp. 366-375, 2002.

[13] Sang-Won Lee and Bongki Moon, “Design of
flash-based DBMS: an in-page logging ap-
proach,” Proceedings of the ACM SIGMOD
International Conference on Management of
Data, pp. 55-66, Beijing, China, 2007.

[14] Jim Gray and Andreas Reuter, Transaction
Processing: Concepts and Technigues, Elsevier
Science & Technology Books, 1992.

s o F

19933 Mgt AFHITE
7} &Y (FI}AD

19959 Mgogtn PFeEE
I 29 (33 A

20013 Aggistn AARFH
28R Y (FF 294D

200313 @otol el %) A

A RANGE AADFHARENTER 20

ARl @ Holguols, fulHE 2 AAM YEYR



5 aag A8t NeMD| o 177

EgiAl 022l 718t 2HICIE HIOIEHOIA AIARISl M0| o

A 2

ifo]

19883 M&igtaw FHFHFE
3} &4 (FHAD
19918 KAIST #a+sta (38

A1)
1996 KAIST AXsta (33
"L




