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ABSTRACT

Recently, the flash memory consistently increases the storage capacity while the
price of the memory is being cheap. This makes the mass storage SSD(Solid State
Drive) popular. The flash memory, however, has a lot of defects. In order that these
defects should be complimented, it is needed to use the FTL(Flash Translation Layer)
as a special layer. To operate restrictions of the hardware efficiently, the FIL that
1s essential to work plays a role of transferring from the logical sector number of
file systems to the physical sector number of the flash memory.

Especially, the poor performance is attributed to Erase-Before-Write among the
flash memory's restrictions, and even if there are lots of studies based on the log
block, a few problems still exists in order for the mass storage flash memory to be
operated.

If the FAST based on Log Block-Based Flash often is generated in the wide locality
causing the random writing, the merge operation will be occur as the sectors 1is not
used in the data block.

In other words, the block thrashing which is not effective occurs and then, the
flash memory's performance get worse.

If the log-block makes the overwriting caused, the log-block is executed like a
cache and this technique contributes to developing the flash memory performance
improvement . This study for the improvement of the random writing demonstrates that
the log block is operated like not only the cache but also the entire flash memory so
that the merge operation and the erase operation are diminished as there are a
distinct mapping table called as the offset mapping table for the operation.

The new FIL 1is to be defined as the XAST(extensively-Associative Sector
Translation). The XAST manages the offset mapping table with efficiency based on the
spatial locality and temporal locality.

Key words : flash memory, FTL, merge operation, log block, XAST, SSD
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lbn  pbn lbn  pbn Isn
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from file system write(10, ...) 1 6 0 |20 1
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pbn 5 pbn 6 pbn 7 pbn 8 pbn 9
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1 01 4] 5] 6] 7] 8| 9|10 13(14
01 4 5 8[10
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L J
|
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3.2 FAST 71
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A dld dolE EFo Qol2r|rt dholgt Aok slal, FAlol o] EFof Hloj = ME|7F Qlofok
AeEjgke] f=2 wAEC, 19 98 BE 3HA write(l, ...)oA G ol B2 AEgte] f= WARE A
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pbn S(data blk)
lbn  pbn status @3
sequence of writes 0 5 |u-=f
from file system 1 6 |u
[ write(0, ...) 2 |7 |u
write(l, ...) 2 9 Ju o1 0/ 1
write(0, ...) block mapping table
write(l, ...) [ETACTIC &
] write(0, ...) pbn offset
write(l, ...) 5 0
write(l, ...) 5 1 1 0] 1| O
| write(0, ...) : x pbn 23(log blk)
: : XAST
offset mapping table

1% 10. XASTO] S Al wjg Elo]E &

a9 109 A wg HolES Y B ES 599 0¥y 1ol Aol vk, &, dHolHES W 0W
QAL olv] FaSHA &2 dHlolHE Tttt o]yt g ARV oj@A wrEoX = Y 1F
S B & 5 Ak 4, 3-A write(l, ...) &3] FYHUE B2 S5 =7 A HE 1H9 dHolH
= 3l WA gl 227 A4S Fdsta, dlolE EFd e vofde AEHIE EAE] wiel B

=g elo] 5o Aejgke] f= ZAAET. 2Elal 4HA write(0, ...)7F 2AAFAE T vlolE E=2] AEjgtio]
fo]7] wiol dolg EF U Hlojds 3HA AEo] 7] AXS Fastar, XA wj golEe HAHE 7Y
Attt 5A write(l, ..o WEIME LA FFHAT. 6HA writeF-HE dHolH £ ] o]t H]
A= AEZE 7] witel] RaESd A7) A4S Fdsith, oAy Akl gid sAE I3 LE% 9
XAST 55 ¢S HW & F qlth. o] oA did 285 &8 Aike] wAstd QA ufsg gol
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EoA 95 B2 55 HE 5o st dlo]grt AAlE A vlojde FE EuA] ARSE S
olgfgt oAl wisg Ho]Eo] AL tigh 7teAdLe FA A7 JYAU|EL B2 I A4S 7
wolt}5, 9].

XAST+= &l dlolgol Hahr] faiAe 4 dld E59 AHas wdsta *JEH%&O] ughd 71E EE
=g 71 Adstar, AdEigte] febd RaEE wE HolES ANEA Y = AY WEE et
wheF 20 85 vwjsg "ol o st she =] AE HEvE glow oAl Eﬂol—a—a Zz }04 sfo] B.g]
= A Fasoh, ojgA B dlolHES AdHgte] (9 EEE s 7€ sfelR = wWalY v
SHA E2skAIRE Lz AlolEki= Mol v H o] &S 83t wE Fto] 7hEsitt.

Ibn  pbn status pbn 5(data blk)
sequence of writes 0 5 |u->f /m pbn S(data blk)
from file system A 6 |u
[ write(0, ...) 2 |7 |u
write(l, ...) | fast: occur 3 9 |u 0101 0] 1
write(0, ...) merge block mapping table
_J write(1, ...)
write(0, ...) pbn offset
write(l, ... 5 0
write(l, ...) 5 1 1 o[ 1] O 10/ 10
| write(G, ...) : pbn 23(log blk) pbn 23(log blk)
: : XAST FAST
offset mapping table

a3 11, "olg E= 7]59] XAST9} FAST =2k vl

3 11> XAST®F FASTS] 227] AAks Z}%.’F%‘] H]ﬂf?} Zlolt}. FASTAl A &= 79 A write(l LR I ﬁ
Abo] e}l Aw AIQFSHE XASTl A& whAleh# gtk oleld PEe 7% BSIlA e =
U5 B B89 RHG g FASTAN 49 ol BASTS] 919 271 B4 qon FAARE AT o
ole] B2 mojgl: gyie] FEL Fuist AR

XASTol ] § @k FASTS} WZaleh. FASTOIA = G Q4 A fracabd 2o AHE A8 o9 o)z
A -1w Eo1goRA AN dolE e Ede, o) A4eE ST A E gl 19 5ol eof 2]
) FAs) FABowA Aa) doleh delE $ha 23 U5 F ol Aol sleAs wag
2% 12004 ASTE] W QUE wolFu i=e) AE WE 1E dele 2Eo| qlu, e AE WE 2e
27 g0 A5y JE A 2 5 Ak

Ibn  pbn Isn pbn S(data blk)
1 (23 [1->1 0)
1 (23 |2->1 JAY
1 |23 |2-=-1
1 23 2 pbn 30(free blk)
rw sector mapping table 0011 2 @0
[@TLE) ® |:>
pbn offset 0] 1| 2
5 .
: 1222
pbn 23(log blk)
- : XAST
offset mapping table

g 12. XAS s A4k
XASTl| A= FASTS} W3 }04 A ufg EHeolES HMER Ysty] wie T EHolES Fxs|of sk
O‘ﬂfsﬂcﬂ sk}, SRR Rk o] 2] 3k sy Elo] 2 SRAM 53 o] wE MA 7L 73 RANONA &H
=, YA W52 AAALS Fol: Ao ZYA WRE e HeS ot T23% 847 ",
FIL 2ag]Fe 71 23 vetdoly ARE T4 ARSott. &, Ao Uzkes 45 203
ol 5SS A s F ‘}lE% Xl% o=z ofdrte] wysfof s, o]2)g 7]l map block method®} per
block method7} ATH2]. XASTO] QA wid HAHEL o] 7|HES 7|Rto=z Fauojd 49 ad 3
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AuEe Wt s,

1% 135 XASTOF FASTO] GAldh Aol dhal] wolsmf, 1% 142 XASTO write Yald]ES Ho
sequence of writes
FAST from file system XAST
pbn 5 pbn 6 pbn 7 pbn 8 pbn 5 pbn 6 pbn 7 pbn 8
write(S, ...)
write(8, ...)
01 4| 5 8l 9 write(5, ...) 01 4 5 8 9
write(4, ...)
write(d, ...)
write(0, ...)
sw log block rw log block  rw log block sw log block rw log block  rw log block
pbn 5 pbn 6 pbn 7 pbn 8 pbn 5 pbn 6 pbn 7 pbn 8
write(9, ...)
write(6, ...)
01 4] 5| 6 8| 9 write(5, ...) 01 40 5| 4| 5] 8 9] 9
write(S, ...)
write(4, ...)
write(5, ...)
01 30 4| 9] 5 9 write(d, ...) 01 3l 9 6
sw log block rw log block rw log block write(D, ...) sw log block rw log block  rw log block
pbn 5 pbn 6 pbn 7 pbn 8 pbn 5 pbn 6 pbn 7 pbn 8
switch merge
K write(12, ) )]
01 4] 5| B 8| 910| |12 write(12, ...} 01 4| 5| 4] 5| 8 9] 9] 8]12
write(9, ...)
Switch merge write(10, ...) Switch merge
write(S, ...)
01 30 4| 9 5 9 & 9/ 9 write(s, ...) 01 5 9 6 9 (10| 9
sw log block  rw log block  rw log block sw log block  rw log block  rw log block
pbn 20 pbn 6 pbn 7 pbn 8 pbn 20 pbn 6 pbn 7 pbn 8
full merge
<::I write(5, ...)
01 4l 5| 6 8| 9|10 [12 01 4] 5 4] 5| 8| 9| 9| 8|12
full merge
12 50 4| 9 5 2.8 9 9 12 51 9 6 9 (10| 9| 5
sw log block rw log block  rw log block sw log block rw log block  rw log block

_10_
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pbn 20 pbn 21 pbn 22 pbn 8 pbn 20 pbn 6 pbn 7 pbn 8
full merge
write(5, ..) [ )|
o[ 1] 2 4 6 8| 9|10] [12]13 write(13, ...) 0] 1] 2| 1| 4] 5] 4] 5] 8 9] 9] 8]12]13
write(d, ...)
write(2, ..) full merge
write(l, ...)
1213 9 8| 9| 9 1| 1] 6 12|13 5/ 9 6 9| |10[ 9] 5| 1
sw log block rw log block  rw log block sw log block  rw log block  rw log block
pbn 20 pbn 21 pbn 22 pbn 8 pbn 20 pbn 21 pbn 22 pbn 8
full merge
K write(s, ...)
o[ 1] 2 4 6 8| 9|10] [12]13 write(l, ..) 01 2] 456 8 9 12|13
full merge
1213 9 8| 9| 9 116/ 1 12|13 100 9/ 5/ 1 4|l
sw log block rw log block  rw log block sw log block  rw log block  rw log block
pbn 20 pbn 21 pbn 23 pbn 8 pbn 20 pbn 21 pbn 22 pbn 8
partial merge
<::I write(8, ...)
ol 1| 2 4 6 8| 9|10 [12)13)14 write(14, ... 0| 1] 2| 1] 4| 5| 6 8 9 12|13|14
partial merge
1213 1 1] 6/ 1 12|13 10/ 9] 5| 1 1| 5] 8
sw log block rw log block  rw log block sw log block  rw log block  rw log block
pbn 20 pbn 21 pbn 23 pbn 24 pbn 20 pbn 21 pbn 22 pbn 8
ol 1| 2 4 6 8| 9|10 [12|13)14 0| 1] 2| 1] 4| 5| 6 8 9 12|13|14
8 1] 1] 6| 1 12|13 100 9] 5| 1 1| 5] 8
sw log block rw log block  rw log block sw log block rw log block  rw log block
switch merge :1 switch merge :1
partial merge : 1 partial merge : 0
full  merge :2 full merge :1
1% 13, XASTe} FASTe] wlal 14k
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Algorithm write(Isn, data)

1 if search for Isn in BMT = false then

2 'write data at offset in the data block of pbn;

3 else

4 if a collision occurs at offset of the data block of pbn = ture then

5 if offset = 0 and search for Isn in RMT = false and pbn is FLUENT in BMT = false then
6 if search for Isn in SMT = false and all sectors is empty in SW log block = true then
7 'write data to the SW log block;

8 'update the SMT;

9 else

10 'merge the SW log block with its corresponding data block;

11 end if

12 else

13 if search for lbn of Isn in SMT = ture then

14 if (last Isn in SMT + 1) = Isn then

15 'append data to the SW log block;

16 'update the SMT;

17 else

18 'merge the SW log block with its corresponding data block;
19 end if

20 else

21 if pbn of Isn is FLUENT in BMT = true and empty in pbn = true then
22 'write data to the pbn;

23 ‘update the FMT;

24 else

25 if there are empty sectors in RW log block = true then

26 'write data to the RW log block;

27 ‘update the RMT;

28 if there are empty sectors of data block with its corresponding RW log block =
true then

29 'pbn is update to FLUENT in BMT;

30 end if

31 else

32 'merge the RW log block with its corresponding data block;
33 end if

34 end if

35 end if

36 end if

37 else

38 'write data at offset in the data block of pbn;

39 end if

40 end if

1% 14, XASTO] write &alg]&

5. 4% % 97

KSTE= ol 2710f thol Hlole) 5 o) wlojsli AEE BEshe Aol A4 choirlefels] W) oy
g Hol o] 2/ odvhwrd A=Al tal oe AEdolde] B o]F FARES W}, L,
o= R Helge H5 G Aol fa AHY WAS W ) Wi @ AR SRR EEE

T2 32, 64, 128, 256702 FE3F3, TPC-C A= i:%% T 8, 16712 Y¥o] AdS Fddtt. 1
vrell AA AFEAF dHolHEe Uid A =2k i/l FE NET Al Fgsict. QA ujsg gHo] 59
A7l E5 Ul AYe ¢ 2aE59 #F aglste] 47kA] 9o whet BAST, FASTOFe] Hlul H7ME 3
s, AlEE oS $13 AddolE = ¥ 29 Pt

A Hlo]H a~d& gl 7Rkl A FE3 dlolHolw, 1 9 BE AY dolHE dXEg 7|4k
dojglolt)t., Ad dolE a~dE mysql 5.0 Hlo]ElH|o]A 7]dkol] Direct [0S % -g3lo] TPC-C Wl x]=}
sle] 92 dlolgoltk. A3d dolE e-hi= 28291 dolE{ Mol Z]ytel] TCP-C MA| v+ & ?30%
to]g o]}, TPC-CHl x| v} & = 9] BI*EMW Fegste] A2 oy o, é:lffqtﬂ °|Y ¢, d, g, TPC—
Wz nt7) 8 A 2= (Insert)¥E dloly HacsS iﬂob‘ A3, a, b, e, f& XF3HA °‘“E}
W dlolee] EAFFel e 28E 28 o] f= el SSDE Over- Drovisiomng 715S AlFsted HIOJM

2

FE oY x
"X e

o]
PN
T
[SR=N
=
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=
=

’

A

L

BsEe Adel FHds F s ALEs @ S0 A%e Fois Aslw s,
er-provisioning 7]s< A|&Wx E3t= 715 £ diolE 7} &A1t AeEjol e HAde TES
A doly 19 ji= AFEAFE] A AFESta = AFHOA I deolHolw, F2 JdAxda) {1
£ sk 719 W AR AT S4E dolEelg.
gl Ao ) dolH FEL s @F F ddakS RS &2 9= blktraceE AMEE P, 9%
7Hke A 2] HolE FEL DiskMonE AH8-38F9 Tl DiskMonS Microsoft Sysinternalsoll A A& 3+c}[16]
T 2IA5ES v = doly
(a) Mysql TPC-C 8
Without LoadData 2~ 719 TPC-C F& H|oJE
= ] " <15 1,571,478
(b) Mysql TPC-C 16 (Insert ®lo]¥] w]¥E3}H)
Without LoadData
(c) Mysal TPC-C g
With LoadData 2~ 7|9k TPC-C FZ d|o|E
g5 Ll +Z deoly 1.869.466
(d) Mysql TPC-C 16 (Insert ©lol¥ *¥3hH)
With LoadData
(e) Oracle TPC-C q
Without LoadData Q= 7|9 TPC-C F+% H|o]E
e C T el 1,135,882
(f) Oracle TPC-C 6 (Insert dlo]g W xEZ3sH
Without LoadData
(g) Oracle TPC-C q
With LoadData Q= 7|9k TPC-C 3% dHolE
BHE I TPCC el 1,251,537
(h) Oracle TPC-C 6 (Insert ©lo]E E3H)
With LoadData
(i) Real Data 1 8 AL 7wk AA| AFE-A} o] Ef 483,909
() Real Data 2 8 HES- 7|9k AA| A}gAF o] e} 199,811
& 2. A3 dely
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2000000 -

1774364

285000 -

wooopp -~
1600000
1400000
1200000
; 7esesz  DEraseCount WFul Merge
800000
00000
400000
200000
0
24T FAST FAST  XASTIZ® XAST256 XASTELZ XASTION4
(a) Mysal TPC—C Without LoadData( 8 RW Log Block ) : 32 sectors per block
1800000 + EE0000 2000000
1637814 e
1600000 650000 -
1400000 40000
10000
1300000 630000
1000000 20000 < 1000 +B
s Count 1 Drsse Count
S ol L s 100
600000 00000 -
10
400000 550000 -
e g ' T
0 £70000 e‘g & ?:,G? 13“6' & {Pﬁ
8asT FaST FAST  XASTZS6 XASTS12 XAST1024XAST2048 ¥ f QF
(a) Mysgl TPC—C Without LoadData( 8 RW Log Block ) : 64 sectors per block
1600000 500000 95000 1000000
1394032
1400000 430000 160000
1200000 450000 s
1000000 470000 - $55173
453921 1000
any gemscount | | 00T DErsss Count - WFull Mirge
600000 450000 it
400000 440000 b
200000 430000 1
A ] s &
2 420000 - g\s\ & éﬂ" &.9"'15600“ QJF
T AT FAST  XASTSL2 XASTI024 KAST204BXAST4036 ¥ W
(a) Mysal TPC—C Without LoadData( 8 RW Log Block ) : 128 sectors per block
1200000 - 330000 2000000
1037356 325000 -
1000000 200000
320000 -
4 10000
800000 315000
330000 4
1000
any gesscaunt | |00 ] gErase Count W Fuil Merge
200000 4 100
400000
255000 1
200000 200001 .

280000 <

FAST  WAST1024 XAST2048 XAST4096XASTE1S2

s é fm‘ f& f’gpf‘&m

(a) Mysal TPC—C Without LoadData( 8 RW Log Block ) : 256 sectors per block
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745000

740000 -I38608

735000 31928
730000 [
725000 +
720000 + B Erase Count
715000 +

740000 -

T05000 <

(b) Mysgl TPC—C Without LoadData( 16 RW Log Block ) : 32 sectors per block

1800000 §20000 rprye 1000000

1600000 10000 4 00000
1400000
500000
o 5553 40000
590000
1000000 1000 B
e o B BErase Court BFlMerse
614428 £70000 - 1
00000
o 560000 1 ki
200000 550000 - 1
A 5] 4] b
0 540000 e‘g & ?(,G? 13“6' & {Fﬁ
BT AT FAST  XASTZS6 XASTS12 NASTIO24XAST2048 ¥ 1960 ¥
(b) Mysgl TPC—C Without LoadData( 16 RW Log Block ) : 64 sectors per block
1600000 - 2000000
1363508
1400000 o2 100000
. 10000
1000000
1000
any [DEras2 Count. [DErase Count i [ Full Merge
#0000 e
400000 0
200000 1
A ] s &
) $ &L & &
T AT FAST  XASTSL2 XASTI024 KAST204BXAST4036 ¥ W
(b) Mysgl TPC—C Without LoadData( 16 RW Log Block ) : 128 sectors per block
1200000 ——mM8M8M8M8 325000 2000000
- 210000 L 308759
1000000 305000 4 200000
300000 Vb
800000 oo
250000 1000
any [DErase Count 285000 [DErase Count it [ Full Mergs
260000 -
400000
il 275000 10
S0 270000
265000 - 3
0 260000 1=

& e 495" & &
&S @
25T FAST FAST  WAGT1024 XASTZ045 NAST4036XASTEIS2 19 ﬁP ‘lé‘ ‘\P
(b) Mysal TPC—C Without LoadData( 16 RW Log Block ) : 256 sectors per block
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873843
570000 |
2000000 1324034
260000
BE0D00
[DErase Count
1000000 840000 1

520000 | l ‘ |
Sl iR REN
04 10000 L

a7 FAST FAST  NASTI2S XAST2S6 XASTSAZ XASTIO24

(c) Mysal TPC—C With LoadData( 8 RW Log Block )

1000000

700000 g

100000

10000

1000 +R51BEE

QErzse Count [OErase Count

HEDF
RN P

&8 § &
FAST  KASTZSE XASTS12 KAST1024KAST2048 ; *'(’0 ‘34, 1960 qf’{t

100

10

1

(c) Mysal TPC—C With LoadData( 8 RW Log Block ) : 64 sectors per block

1600000 -W E30000 2000000
516978
1400000 - £20000 - 100000
520000 1
A 1 10000
500000
1000000
450000 + FHA20T 00
= EseCount | | p0000 o ML) DErsss Count - Wl Merge
SO 470000 1
10
) 460000
200000 4 480000 1
A ] s &
04 440000 e‘s\ & §~ (911;500‘ er
BT AT FAST  KASTS12 XASTI0Z4 KAST204BXAST4086 ¥ W
(c) Mysal TPC—C With LoadData( 8 RW Log Block ) : 128 sectors per block
20000 ————— 2000000
1075772
1000000 200000
10000
00000
1000
ket O Erass Count. [DErase Count it [ Full Mergs
400000
10
200000
I
A ] 43
¢ | FEéEFLS LS
T FAST FAST  KASTL024 XAST204B XASTH096 XASTE182 ¥ o #6‘ ¥

(c) Mysal TPC—C With LoadData( 8 RW Log Block ) : 256 sectors per block
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2500000 830000
Big232
2000000 11912010 Lo
810872

£10000 +

1500000
TEBE6E
mEasscount | |20 ] Erase Count 1 Fuil Merge

1000000

750000
oo TEODOD

0 70000
24T FAST FAST  XASTIZ® XAST256 XASTELZ XASTION4
(d) Mysql TPC—C With LoadData( 16 RW Log Block ) : 32 sectors per block

1800000 EE0000 -E5s0s 1000000
1600000 650000 +

1500000

[

=

88T FRST

QErzse Count

£40000 -
630000 -
620000 +

610000

630145

FAST  XAST236 XASTS12 XASTI024XaST2048

100000

10000

1000 185386

100

10

1

A & 0
FESE

(d) Mysgl TPC—C With LoadData( 16 RW Log Block ) : 64 sectors per block

1600000 500000 —4g575T 1000000
1424962
1400000 b
. 10000
1000000
1000
500000
[DEras2 Count. 253243 [DErase Count i [ Full Merge
00000
400000 o
200000 1
Aa o2
0 i g\s\ & é{’ & fe“ QJF
BT AT FAST  XASTSA2 XASTA024 HAST2048XAST4056 ¥ W
(d) Mysgl TPC—C With LoadData( 16 RW Log Block ) : 128 sectors per block
1200000 - 325000 1000000
1024180 i
320000 4
1000000 100000
315000
10000
300000 310000 -
205000 1000
any [DErase Count 300000 - [DErase Count it [ Full Mergs
400000 295000
10
250000 -
200000
285000 | 1

280000

FAST  WAST1024 XAST2048 XAST4096XASTE1S2

ﬁﬁfffﬁ

(d) Mysal TPC—C With LoadData( 16 RW Log Block ) : 256 sectors per block
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2500000 ‘1055000 10000000
2094043 1050797
1050000 ]
2000000 1047333
1048000 — |
1500000
1050797 mEasaCount | |00 [z Court bl
1000000 1035977 9 wPartizl Mergs
1035000 | L
oo 1020000
0 1025000
24T FAST FAST WASTIIE HASTISE XASTEIZ WASTION
(e) Oracle TPC—C Without LoadData( 8 RW Log Block ) : 32 sectors per block
2500000 530000 10000000
2107345 980000 + 1000000
20008 70000 G
860000 -
1500000 H0000
] Full Merge
1000 1853522 [
. aesn TR0 | auppng - g BPertislMerss
930000 1 &
S 520000 a
520000 + 1
i 800000 |
8asT FAST FAST  XASTZS6 XASTS12 XAST1024XAST2048
(e) Oracle TPC—C Without LoadData( 8 RW Log Block ) : 64 sectors per block
2500000 200000 10000000
B10229
2111821 4 1000000
2000000
100000
1500000 1000
[DEras2 Count. s Count 1000 1855818 l:ul:e::
| | i 1
1000000 ] m i
10
500000
1
0 4
BAST FAST FAST  XASTS12 XAST1024 XAST2045XA5T4086
(e) Oracle TPC—C Without LoadData( 8 RW Log Block ) : 128 sectors per block
2500000 €00000 10000000
545724
2103273 —
2000000 -
100000
1500000 10000
Drsss Count s Count 1000 108836 L
1000000 - [ o Partisl Merge
| II il .
500000
RN A ‘
0 ' ' 4
BaST FAST FAST  WAST1024 XAST2048 XAST4036XASTEISZ

(e) Oracle TPC—C Without LoadData( 8 RW Log Block ) : 256 sectors per block
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2500000 e 1035000 10000000
1030169
2093875 1030000 4— 1000000
2000000
1025000 —{ | 100000
- 1020000 1 10000
100169 Emsecount | |00 T DErase Count 1000 1056837 f:::‘:
: 1010000 T m | =g
1005000 10
500000
1000000 1 -
0 B2E000 Qé ‘9
24T FAST FAST WASTIIE HASTISE XASTEIZ WASTION f &\ ﬁ’
(f) Qracle TPC—C Without LoadData( 16 RW Log Block ) : 32 sectors per block
2500000 200000 10000000
883293
2107563 850000 | ——
2000000
860000 100000
1500000 40000 - 10000
BRI $20000 + 1000 195375 TL:::
1000000 500000 - 100 #
780000 10
500000
760000 - i : : ’ N
A A >
0 740000 |12 f & é‘é‘ ﬁ"" &
8asT FaST FAST  XASTZS6 XASTS12 XAST1024XAST2048 -\35
(f) Oracle TPC—C Without LoadData( 16 RW Log Block ) : 64 sectors per block
2500000 700000 T 10000000
2111463 PR
2000000
100000
1500000 Ll
[DEras2 Count. [Erzss Count L ]
1000000 Partis Mergs
i)
41238
10
500000
" .
-0' ‘gm‘ ‘é&y‘
0
25T FAST FAST  XASTS1Z XASTL024 XAST2048XAST4036 ~\3¢ §
(f) Oracle TPC—C Without LoadData( 16 RW Log Block ) : 128 sectors per block
2500000 450000 - FSEH 10000000
2102859 400000 1000000
2000000
350000 - 100000
300000
1500000 49800
1 Full Met
1000 L g2
Erzz2 Col
p— WA | 200000 Partal Merge
150000 + 100
r— 100000 -
50000 - ¥ - - .
0 04 &‘ ﬁ ‘gF .\B
25T FAST FAST  WAGT1024 XASTZ045 NAST4036XASTEIS2

(f) Oracle TPC—C Without LoadData( 16 RW Log Block ) : 256 sectors per block

_19_




2500000 1104000 10000000
2204984 01835 41p1453
e I — 1100276
— 1100000 1
1058000 1
1056000 <
1500000
1094000 1 WFull Mergs
1089585 mecscount | | 4082000 [Switch Merge
1000000 1080000 WPartial Merge
1088000
S 1086000
1084000
0 1082000
BT AT FAST  NASTIZE YASTISS KASTSZ NASTIOZ
(g) Oracle TPC—C With LoadData( 8 RW Log Block ) : 32 sectors per block
2500000 1010000 20000000
200714 . .
20008 1000000 155 Sk
585000 |
1500000 10009
230000 6 BRullMerze
sarzss  OFeCount 985000 1] Drase Count e [2Switch Merge
1000005 sxo000 L] 100 ot Nerze
10 18
500000 575000 |
570000 :
] BEE000
st AT BT NASTISE XASTS1Z XASTIOZ XAST2048
(g) Oracle TPC—C With LoadData( 8 RW Log Block ) : 64 sectors per block
BI845E 4
2194418 B10326 991707
00000 - ; 1000000
- | 686570 -
500002
1500000 10000
500000 1 Full Mergs
[DEras2 Count. 400000 - [DErase Count toe [ Switch Margs
1000000 | 100 WPartial Merge
0
- 200000
100000 1 :
0 04 %"’ f ‘9" h&b
BT AT FAST  KASTSL2 XASTION NASTZ04BXAST4086 -ﬁ
(g) Oracle TPC—C With LoadData( 8 RW Log Block ) : 128 sectors per block
2500000 00000 20000000
545784
2181043
1000000
2000000
100000+
1500000 10000 @8
DErass Count DErase Court i 58 W
1000000 5 wPaslerss
- . l l
e ik
Bnnn |
) ! ﬁ s &
Wt AT FAST  NASTIOR4XASTZ04G MAST4096XASTE 12 +“’&

(@) Oracle TPC—C With LoadData( 8 RW Log Block ) :
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2500000 m——eeee. 1084000
2203955 Il oatsss
2000000 10B0000 tryymz:
1078000
1500000 1076000
I 3 mFull Merge
1078655 mErase Count 1024000 [Erase Count 1 Switch Merge
1000000 1072000 WPartial Merge
1070000
500000 1068000
1066000
0 1064000
BT AT FAST  NASTIZE YASTISS KASTSZ NASTIOZ
(h) Oracle TPC—C With LoadData( 16 RW Log Block ) : 32 sectors per block
2500000 520000
2193475 g
910000
2000000
900000
1500000 830000 7
[@Erase Count SRR
1000000 £70000 -
860000
500000
850000 -
0 40000
st AT FAST  KASTSE WASTS12 XASTI024XAST2048
(h) Oracle TPC—C With LoadData( 16 RW Log Block ) : 64 sectors per block
2500000 700000
2192902 BES w o
600000
2000000
500000
z 400000 Ul Mers
QErsss Count Dérsse Court SwitenMerss
300000
1000000 WPartial Merge
528583 Ly
500000
100000 -
0 0 4 ‘#ﬁ
BT AT FAST  KASTSL2 XASTION NASTZ04BXAST4086
(h) Oracle TPC—C With LoadData( 16 RW Log Block ) : 128 sectors per block
2500000 450000
2173432 sl
2000000 350000 -
300000
1500000
Eraza Count DErzze Count i oy T
el J | o] Biddd e
150000 - | l .
e o i |
e A3
0 04 @9 & F J,y"&
Wt AT FAST  NASTIOR4XASTZ04G MAST4096XASTE 12

(h) Oracle TPC—C With LoadData( 16 RW Log Block ) : 256 sectors per block




5000 — 72000 7T 1000800
400000
100000
- 170000 - —
168206 -
300000 168000
i 166416 100 PRV
00000 D Erase Count 1 D Erase Courtt
163987 1
150000 164000
10
100000
162000
50000 2
A
i 160000 e’9 & J'p"{p é‘* & f“f
BAST  FAST FAST  NASTIZS XASTISS WASTS1D XASTION ¥
(i) Real Data 1 (8 RW Block) : 32 sectors per block
450000 - a 152000 TIS0T 1000000
400000 150000 <
145000 | L e
350000
e 15478 10000
300000
144000
250000 182158 1000
200000 mEmsetom || 0] DiErse Count
— 150652 140000 BT 109
158000 i
100000 135000
S0 134000 - &
i 132000
BAST FAST FAST  XAST256 IASTS12 MAST1024 XAST2048
(i) Real Data 1 (8 RW Block) : 64 sectors per block
00000 35— 125000 1000000
121656
350000 100000
120000 T
0 115082 10000
115000
250000
10857 i
20000 B Erase Count o D Erase Count
P 105172 e
105000
100000 0
50000 o 1
A &
: | & & & Ss&E
BAST FAST FAST  NASTSLZ NASTIOZ4 KASTIDME XASTAO35 ¥ F ¥
(i) Real Data 1 (8 RW Block) : 128 sectors per block
390000 M 100000 1000000
o |
300000 pasill ] 100000
80000
250000 7000 10000
200000 s 1000
D Erzse Count il D Erase Count
150000 i 1w
100000 . 30000 0
o 20000 . il @ 3 M
10000 : ‘é‘ I@‘ ‘ y . i .
0 0 §F & (PQ &
BAST  FAST FAST  NASTIO24 NAST2DB KASTA095 XASTEIS2 ¥ ¥ ¥ ¥

(i) Real Data 1 (8 RW Block) :
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[}

160000 ~ 60000 —59347 100000
143390
51T
140000 58000 o
120000 56034
56000
100000 54357 1000
o 7 HFullMerge
80000 10 .
S D Erase Count 2000 D Erase Count i Partizl Merze
60000 WwitchMerge
50000 10
40000
20000 48000 i
A A
b] 25000 & & &';& 0‘? «"0 -{9"
BAST FAST FAST  XASTI2E XAST256 XASTS12 XAST1024 *‘b .‘IP "P 174‘
(j) Real Data 2 (8 RW Block) : 32 sectors per block
180000 - 50000 56546 100000
i 153837 53584 1691
50000
140000 #4685 e
120000 40000 1000
i Full Merge
30000 | |
s e prmstn ¥ W Partial Merge
60000 S 20000
10
40000
10000
20000 1
5 3
) 0 &8 Fes
BAST FAST FAST  XAST2S6 XASTS12 XAST1024 XAST2(48 '\y? 1?
(j) Real Data 2 (8 RW Block) : 64 sectors per block
80000 ——m————— 100000
158069
160000 ——
10000
140000
120000
100000
e i W Full Merge
£ 1 Partial Merge
60000
40000
20000
0
BAST FAST FAST  XASTS12 KAST1024 XAST2(48 XAST4096
(j) Real Data 2 (8 RW Block) : 128 sectors per block
160000 35000 —32887 100000
141861
140000 30000 23507 = i
120000 25000 45
100000 100
20000 1
80000 st SR 10 W Full Merze
15000 1 Partial Merge
60000
10000 10000 10
20000 5000

FESLES

BAST FAST FAST  XAST1024 XAST2048 XAST4095 XASTE192 1? $ '\F 1?
(i) Real Data 2 (8 RW Block) : 256 sectors per block
a9 15, A% B2 A3
of AgEol e TajA Wale] ZuE e
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T E5 2 AY 5 T EE 5 Z Ay

0S  Linux 32 66,461 2,126,752
(a~b) Mysql 64 37,871 2,423,744
TPC-C Without 128 20,961 2,683,008
LoadData 256 11,040 2,826,240
0S  Linux 32 67,196 2,150,272
(c~d) Mysdl 64 38,471 2,462,144
TPC-C With 128 21,478 2,749,184
LoadData 256 11,490 2,941,440
0S : Windows XP 32 76,408 2,445,056
(e~f) Oracle 64 39,591 2,533,824
TPC-C Without 128 20,439 2,616,192
LoadData 256 10,456 2,676,736
0S : Windows XP 32 54,360 1,739,520
(g~h) Oracle 64 28,882 1,848,448
TPC-C Without 128 15,299 1,958,272
LoadData 256 9,113 2,332,928
32 157,174 5,029,568

0S : Windows XP 64 109,756 7,024,384
(i) Real Data 1 128 74,139 9,489,792
256 45,873 11,743,488

32 86,130 2,756,160

0S : Windows XP 64 58,283 3,730,112
() Real Data 2 128 39,282 5,028,096
256 22,781 5,831,936

& 3. AdE gig ZHA wiRe ZR

a9 159 Ay e Zo A XAST Ho] A= =4 wijg ®HolEdA #EHoA &= AE e 45 onlsin 1
7B AEe] e AR 4Bytes™ FE3ICE. o= S E 3004 AE(c~d)o AE St 64MRE FolE F=
=8 E559 7} 38,471017] Wi E7 B59 HARE AHFst7] 98 2Bytes7t {3tk 19 i EF
AE] QAo gigk 9] HRE 1Bytes®™ sttt =, VY AHE A v gHolEdd A73r] 93l
% 3Bytes7} Zast, 2¥xA MY JRHE 1024715 #|srlar s 3Bytes * 1024 = 3072Bytes 8]
. Ad(c~d)lA AEe Z7]E 2Kbytesel 7H4stal, F AH FE 7HAA F &S ALSHH 38,471Mbit
ojth. o)== ©oF 4.8GbytesZM 3072Bytes®] 2. Al wig Hol &S HLEY oA &3t A T &% O
=9 A7]olt}.
= FAST®} vl gk XASTS] A5 A xelth. A8 (g)v AH Y 71 3270 -5 71 FAST9} B|uls}od

2kA|Aako] dAEEATE. o] Y3 o] RIAEE=T dlo|EE S AV} FASTS vl Ete] XASTE U
W&o WrAE . dE 5 B B2 W35 4, 5, 6 Yoy thEk HolHE zta g 47
TAY 2a8Fo] vt 7F4sAF. FASTAI A= B2 HE 6o Yojzir|7p Al & 18 2o
S Fdsta, R85 4, 5, 6W9] &8 55 AAE P FH AL BA Al 49 AbA|ALto]
. SFAIRE, XASToll A B2 W& 6¥ EFo] ol Ao Aale] E5 Yo A7) Aiks 83}, o
of GojA7|7} AstaL d E52] eVt ugl Aol RaES A7) AAS FYsH, 2
= 4, 5, 6, 8} AAE P Qv S, T A 73 A] 5] AbA|ALle] FaE T
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shAIRE 3 404 AE o] 27} FoldgrE XASTw= FAST®} ®lalste] 45 3Fda vebliar s,

T pages | xast(k/2) | xast(k) | xast(k*2) | xast(k*4)
32 1.05% 1.52% 2.44% 3.90%
64 4.77% 7.64% 5.18% 6.53%
128 6.03% 7.09% 8.11% 9.33%
256 4.72% 5.46% 7.54% 8.54%
32 1.23% 1.87% 2.84% 4.47%
64 5.83% 8.60% 11.27% 12.53%
128 6.70% 7.91% 8.92% 10.01%
256 5.33% 6.12% 7.89% 8.84%
32 0.32% 0.53% 0.85% 1.41%
64 1.33% 2.11% 3.21% 4.70%
128 6.29% 10.29% 16.34% 24.85%
256 15.97% 25.02% 36.68% 50.12%
32 -1.11% -1.08% -0.97% -0.25%
64 -0.95% -0.73% 0.18% 1.58%
128 1.82% 4.08% 7.33% 16.83%
256 7.50% 12.79% 26.63% 44.76%
32 1.19% 1.68% 2.73% 4.15%
(i) Real Data 1 64 2.06% 3.43% 5.57% 8.06%
(8RW Log Block) 128 3.38% 5.40% 38.88% 13.55%
256 6.21% 8.90% 13.45% 17.99%
32 2.64% 5.58% 3.41% 13.34%
(3) Real Data 2 64 5.89% 9.22% 14.47% 21.52%
(8RW Log Block) 128 8.59% 13.95% 19.59% 25.58%
256 13.32% 18.57% 25.72% 30.66%

¥ 4. FAST tv] XASTO] 2bA] Akl gk s 714 23}

(a) Mysgl TPC-C
Without LoadData
(8RW Log Block)

(c) Mysql TPC-C
With LoadData
(8RW Log Block)

(e) Oracle TPC-C
Without LoadData
(8RW Log Block)

(g) Oracle TPC-C
With LoadData
(8RW Log Block)

Z 7] dibe]l 59 HE-F(front) 52 FFE(rear)oll A AlZFsh=Ad whe} A5 *fo] 7k AY
TZ AT 1A% Large Block NAND ZefjA] W= g7} AAtE o
7 o2 o]Fojx]of st F7FAQL A kAL o] —LEXH
24 XAST+= 227] Aate] A7 s #AE
290 YA ZRY FAHow 27| Ailol T?S(HE]
*Ol Ty *“Ei OlﬂOﬂ o= AE7F EAlsto e 7] AAks 38 = gl
Zh Ado Al AlE 7t WA He wel Hx 27] dAibo] oy A= WA = Syt
2 Z}7}o] % Eii TAE E2S dlo g vro] SR E(front)d FF-E(rear)ol] thsiA 2F
ol EXEE YehdY. x5F2 B8 £E5 W3 E YUE, vH2 Al 550 39 2
| 3} 0}04 L‘rEMt} :LE] 16°ﬂH *‘We) gz E KW 25670 AlY oA dRE
Q7] W&o F 49 A (e) 25670 AE 7} 64
Eia} st = **‘EH o met E5 J GFEH 3
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N edag %2 5
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(c) Mysgl TPC—C With LoadData( 8 RW Block ) : 32 sectors per block
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(c) Mysal TPC—C With LoadData( 8 RW Block ) : 64 sectors per block
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(c) Mysgl TPC—C With LoadData( 8 RW Block ) : 128 sectors per block
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(c) Mysagl TPC—C With LoadData( 8 RW Block ) : 256 sectors per block
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I

{e) Oracle TPC—C Without LoadData( 8 RW Block) : 32 sectors per block
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{e) Oracle TPC—C Without LoadData( 8 RW Block) : 64 sectors per block

— front
120,000 |i|
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{e) Oracle TPC—C Without LoadData( 8 RW Block) : 128 sectors per block
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(e) Oracle TPC—C Without LoadData( 8 RW Block) : 256 sectors per block

a3 16, AY dolg XX (front/rear)
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