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£ write buffer 89 ZZHiARML FORFFRMERE2.  KERE M BRI £
NFTL(NAND Flash translation layer) & A#9MA, f 343t write buffer replace-
ment RSB 3l AR AR B 3R ARG ST, 12w & AE R ] write pattern 7289
localities & 48Rl Lsb/A% 88 TG AIR (4= write buffer/Log buffer size), £7
F] situation FA7id 149 write buffer replacement & &8 49, fb BsACHE A F
simulation 897 X&4REE THILATEZAE A write buffer replacement 348 B i@
8% replacement R/ FE49 workload Hil, Mt BT simulation T34
device(firmware) %, E3LAEFIEAEERM simulation 89 FRIEF AR, HrL& L
JAEIEVEOE R TIRG F B E REAL write buffer/NFTL algorithm&947 & it 43
write buffer manager & T PT3%4% 49 replacement R %, K& KA LT AL R £
Fole s b @BAT 2, 243K M8 simulation FLALEATRGERT, &4 B EsE IR
R,



Abstract

Write buffer has two major tasks.One is absorbing temporal locality. The other one is
collecting spatial locality. Absorbing temporal locality can reduce hot data.Collecting
spatial locality can reduce write traffic of block-level and hybrid mapping.When
people design write buffer replacement strategy will take two localities as designed
metric. But different workloads have different write pattern behavior,and people
has to consider current resource hareware can supports.It is hard to strike a bal-
ance between temporal locality and patial locality in different workload. This paper
proposes a simulation-assisted Tuning strategy for self-adjusting buffer replacement
strategy. We put simulation on device(firmware) part,so we have to use few re-
source to imitate write buffer/NFTL algorithm and inform write buffer manager
"what replacement strategy we should.use?.So we have to make a tradeoff between

few resource and simulation’s aceuracy.
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#—= Introduction

NAND flash memory 898 EREH AE. FE. B DFES AR SZETTH
B (do: ATEEE. SEMENRE . BATAE) 18 R CRBAVE ARG A SN 1
FAHHE A28 5 NAND flash memory 18421218 T, FTA NAND flash memory
FEARBE KR, R R R AR 4 aR 0 B AR AR 2R (Solid-state disk)o

NAND flash memory £-E89324FT A5 R =4E 1 read 2.write 3.erase, £ F read /write
AVA page Bt EAidm erase BEA—1E block A#AEREAL, RAFLARAAA, SSD
A IFFAFREAAEREAE (random read), B & NAND Flash Memory & A {3485 %
RAS DM T BUFHIALE T R 6948 F0F M (seek delay); i 20EF3/ I (sequential
read) #= MEF G A (sequential write),SSD FuALARLGALEEA A0g K H AT A8 12T
SSD ZZFE#E A (random write) T#IZAE IR £4 £ flash memory £ #TA B %
FAFGARRE—BAFEAT 0% 1 A 0,%=R flash memory 245 /R 5869 data 3t
SLJAT 428 IR (erase) 13 ERERFAJIRAEBT AT AL G (erase before write), £#7
e BgA FTL /@ (Flash translation layer)[7]451§ 4 flash memory #4514
Gue Rk A% it R R F fadd flash memory 8 e FE 1k, Baf# 69 FTL 8 &
i%[1, 5, 10] 38 T out of place #tEk AEFAMFXATALEG M (log buffer) F.
ffe FTL AZ@Eq 6,8 FASAR G 69 2 M R AT oL JBAF 8 AT e 69 B 34T B (garbage
collection) , 7 garbage collection B sh78 e FERIR BB B YR AT Sedfe s L P 69 A2 A AL A
(valid Page) 215|609 E3, ¥ mIRIR GBI AAIET 5, LLTFRE BRESA Sy
HEA AR, Bk garbage collection BFZ &) AT #AB SSD %+t E&% a9 A
o

IR A E SSD AR A AmA—3 write buffer [3, 8, 6, 4, 2Rk TSR G 49
% (log buffer) ##e4eiR ¥ garbage collection B89 mA, @174 write buffer #9444
BAE RAM, FTAE R A& erase before write #8764 6% B EEN4700F M B 3k AR 3R 09 5

buffer #HE4 Replacement B, 4T sequential data & 2| FTL BT #L cost EAK
switch #4F, A& 2| log buffer ¥, 1248 4o fh A #5549 sequential data &% FTL, st
BFGAF A0 B A FTL 38 LA RST sequential data /28 2| FTL, skt ARG H—



o g S SRBLRAAL A T VA 35 AR A EAEY switch B %EN log buffer 1F cost #5
&9 full merge, IZAENVER B hole plugging,

iE R L3 E— 13789 write buffer 33t %, ©E£E5T simulation-assisted 6977
KAk 2 BATeziE A49 buffer replacement #%-, & A1%iE write buffer £ E&E%
WA B [ e Aeli B 2 B R 3kt 122 Ry @Al & & buffer 695 B AR SRS, 4
LERGHF. Mtk LM simulation-assisted 1R B AT workload F= 224K R % &
Fe BB ] [ 3 Aml SR 7 ] [ 3P R AT 43 A E A SR K 89588, M4 block
plugging 7 @b FHamsL KA T 1-buffer 897 XFEH BT FTL 6947 B Ak FiR g 2%
logging &2 # plugging, #HAFEIRK K93 AE. H—3F Problem formulation &g
N-#HAARE) NAND Flash Translation Layer 4% = Flash Storage 49 write Buffer
TR kAT EE g6 R, i & Related Work 3LEABLA £ Flash Storage L )
Buffer/FTL (& FAk R €69 R RE; % = A& F6Y simulation-assisted 7 %o



% =% Problem formulation

2.1 FTL

NAND Flash Memory #9415, £%2d % ARRATLAR, AT Y % 1E
Pages FT#m. NAND Flash Memory #9—REGA /FHILEAL (read/write unit) BA
—18 Page, #—18 Page €78 —18 Spare Area, T VARAAEH User Area T E#+49
mapping AKX AH Error Correcting Code, MMk EAL (erase unit) B &—{ERIR,
PP4ER AT erase B2 AR B E45, NAND Flash Memory £ & 37 & Hud sz — 4% 8
block device AP, 4o:disk, £Z#HEIMMyeTHETARTE LRAGHERLE, (2
A& NAND Flash Memory &M £ 28 7,14 69 A AHE 3G A Z 32 A A RAPT 209 7 f8 4%
B, oLARBAINKREME Page SALRAFEEEATOR & 2K (invalid), stBPERHE
B outplace-update, /A8y data B F %K 2 (invalid), 1241 E F4ast, NAND Flash
Memory P % %G 44A1%% invalid data, Bt NAND Flash Memory #F— 8 K
PPEATRAR L invalid data, A% B2 MIREE IR data #4753, 2B EME=Z A Garbage
Collection,

K% FTL #93RBRAXNEGFE 7 A\, H18 Logical block & —%— mapping %!
—18 physical block &4 data blocks TR K HEF]89 physical block #&AM
## 7 spare block IR request 89 #7, # spare block &AH page map K E L,
71 Garbage Collection #1423 /&£ Log Block M #E#HE L E%4% #4 Data
Block ¥, #& Hybrid NFTL P &2 & Merge, #RBURA R 89 % 2 7 X 4£ block level
mapping ## page level mapping FHAFLH, £ mapping table & G % page level
mapping AR % 6932l = M, /£ random write #92X A4 T4 block level mapping #I°
AR

1B BN BEATRSXE L F X6 FTL. SAST|[1](set-Associative Sector Trans-
lation) A #AB#EH Eagblock #FR—18 group miz 8 group 7249 logical block /il
A F 89 log buffer. SAST AMELE N F= KN £ AKX &A% F 18 logical block #F
18 group EE& RAFOEZ MBS, 3B log buffer 4 AR5, 5 —1E5ET A
Rik®H group log buffer 89 & 2% AR EFH B, @ N=1H K=1ia/F
DT A& BAST[10](block-Associative Sector) & & B7118 logical block AERMBIRATEY



log block 2H —18, 7 BAST #» SAST sk A& R~ group Mg H log block Z 48
#HEHRZ (block thrashing). FAST[5](full-Associative Sector Translation) & 4-3f
#9logical block 3£ A43R49 log block, H TG A log block ZAaE &34, 12 FAST
849 P #8 fe 7> /2 Garbage Collection K2 244 merge # Logical block K % , i#& muboX
Garbage Collection 768 & X B MARA T fef# A1 B4 A% time out 4%,

2.2 Write Buffer

write buffer 89 £ZAFRA 1. BAEF M B3t 28V £ log buffer % FHFICE F
Ml B 3M /2 Hybrid mapping.block level mapping # FTL algrithm T, T A% cost
A& block plugging. X % buffer replacement AR FH$8FH /% M &3 X308 69
replacement R %, T B TRIKF M B R E . KEFHBERAEE RAM M, &
AT R R L E L — £ write buffer 323+ EZ 249 B,

BPLRU[4]#9replacement policy &M Bidtt, ik LRU NEFEERXAAKE
NEHRGEER victim, € B 89 T 2T BB AR, #14% sequential write 447 VUK
WM ERR EAHE A S 2] NFTL, @ B2 A plugging #94% 143§ Switch Merge #94#%
G, {26225 B B LRU 897 AR EA, o3& hot 47 cold AAHRIEF 22 F B & hot
BH—EAK hit 8953, R cold 89 BANLA %G fush B A Mg R £ Buffer +; 5 —18
BREEE R A ARG AE A A 69%F ) 43 A AR i random write 89 T 2RA, m BLA
A SRR plugging, 4o R #H3 BB AAT 9B &AE A plugging KRABR Mg £
= FAB|2]#9replacement policy & F % M E3tt, & AEFEE R S EFH9EEE victim,
CAEM Buffer flush 692 KFE sequential #EH, ME TS EH92Y
f2 Buffer ¥, {2357 % 098 B5 T 20 T B M R bEay TR0, 4o RILBAFPT 209 H A2 AR
b, THG—E G £ buffer @ AKEHE b, BTG ALE Buffer 95T H 2R, 51
#H74 sequential write &3, K % 6985 IS BN/ M5 4 sequential data LG R EEE
Mo % o9 ek B, G $ 59 & Buffer ¥ 09424 EHE Y 098, CLC[3]#write
buffer b1 MBS, —3H5 ARBMEFR BN FRERL), 5—F5 ALMERFHEXE
(BB, AREAHBEERE victim, 8282w TI30T R (B35 69 b Bl FaTsh
Foif B B ® 6935 € b ki@ A 2R Rl 89 Buffer size AR F#) workloads REF[9])&—
BB T —H B replacement policy & 3t VAR M B 3 3, &% Ml B A B e e £
FRIF, RBT R FTL A2@ ey Filkiz e, 2R group £ log buffer ¥4 &k &
835 S Ak E 1E replace B9 %, 1EE2 £ FAST 7 @ vAik Y # Garbage Collection



6y B3R SAST 497 @1 A3 e log block #94% Bl #3148 log block B RE

{2 5p 28 TR G TMERA A — 223 E A £ log buffer &R EA §5T replace 893 % 3%,
buffer %k KA HH69 T hEo
2.3 l-buffer

I-buffer 9 replacement policy £EE5% T 105 M B dbife 27 B B3 it € &
group density(0(g) :W),a(g) RA& group g /& buffer ¥ E—k#) access
time 7 s(g) & group g & FUHER % dirty sector, ki group density & -IMa
9 group KM replace MAAXFa = LERAKEZE l-buffer & AT replacement
policy,a = 18FXA& group density AX R H )&% M E3MHEAPIER group weight &
B replace #%, ma = —18F4K%& group density AR AH I EREAPLEER A
A A% reference # group % replace #%, B0.1.0.2% workload & notebook trace
fa = —1Fea = 1EREA T, writé buffer size T#5 it | log buffer Victim
b9 age F7 size &I, 4£0. Iwrite buffer $7 2 RAYFILAA S AT M BRI HILTE
group # age MMHEE (K) RIRE g 1F victin e 2B, AKX A H KE H BBy
HILT B B buffer % B R A BREGIIE 2] group sized K victim; KELAO.2buffer
= M AR T 15 74 % R M BB G 4i6) victim age AFETRK A9420.2 £
Bl, Ml RAA%RE MBS ER A T R A% H AT OR B K size 89
victim 420.2% B, Bt 1-buffer A1 aREEEEAET B 69 TAERIFE BARYE B ATAL 72
BRPTAEIR LG H BA T 48 B R AR 692 AE
6 | wiitebuffer2malpha=1 | |

5000 5000

Write buffer:2M,alpha=1

2000 F 4000

3000 3000

2000 2000

1000 w’ . 1000
o 1

0 100 20 300 40 50 600 70 80 %00 1000 1100

size

200 300 40 500 600 00 800 900 1000 1100

=
=
=
?—so,&t.wu» = apime vem e
S e e te®
Peand

=
.

0.1: different alpha setting in insufficient buffer size

F kT E replace M FEHEN FTL B 1-buffer §HRIZNRE T EM plugging 2,
logging, #% K#AMK plugging RZ B logging \§ B B THZIZ A TR = log



Write buffer:64M,alpha=-1 | | age Write buffer:64M,alpha=1 |

l size

200 300 400 500 600 700 800 900 1000 1100 0 100 200 300 00 500 600 700 800 900 1000 1100

0.2: different alpha setting in sufficient buffer size

buffer 89 K- NAPTEE & log buffer #0158 \G b A & pbiF log buffer #4 Garbage
Collection #) cost G4k B R4t 54K plugging #9445V &3EN log buffer, @ log
buffer # KNG LI K E B log buffer # K #9375 Garbage Collection # cost G #AKE
E L BAAHEN log buffer B % 89 plugging R g # R Bz AE

afe )\ tuning AAE G FF T 69 T84 B ar s 8 F R AL, AFALG 5 2
J session-based #9482 % 58— BLAF B 1% LA oA \— R, MAAE L 1-buffer
Fegitsk FTL ¥ &5 séssion B logging /pluggitig #9 R AT BN, H AN
T A BRA AR F h Ko T oG RARE LE T — R RA NN EH I, ML /AR A
simulation #7 X & F By A IR T ARRIGE & A2 EH 89 replacement policy if %)
WAL AL, 1242 simulation-assisted #9# i%4e PB-LRU & —18 cache #9i% Fi% 2 M £
multi-disk/cache 4% AEIRAE R 3£ B RAK, 08 LS8R A MG STIERE 2 T AR 69
disk/cache, 1 PB-LRU [11];&#ftsimulation 242 host 3, ¥FE A2 simulation A &
FegzelERg = M T A R, BeBbA% 5L AR M B T 89 host 983tk simulation #9742
No M2 B3 L IE T a-simulat ion 24 host 3@ A4 firmware 89 device 9o F b
iR e B AL AL device SRR ER (RAM) ZARAAL IR S| Mmis B4R HE
7rik A RAATRGEIEE R (RAM) 4 #1L#8) simulation »AE I E R (RAM)
WY A2 AL Eg simulation M 69 &R LA R E TR (RAM) #6945
REZERS, ZLE ERBER (RAM) 1% fetifichh 25 EIR6G P47,



X — 3

=% Simulation-assisted tuning

Meta-simulation(device-side simulation) fora-Selection /& l-buffer ¥ a% self-
tuning 6945, AR fitting T F89 trace 28 M B3t fe s B B bt EBRAT—18-FH7,
HAMHRF Meta-simulation 77 XA PiE . Meta-simulation £3#& A session-based #977
N, MEAL back-ground FikZ T —18 session M egati, B E~Z back-ground
&9 Meta-simulation 3jsb24bdtmshag7el&id = K, mAMBARE T E ZALBEK 693
&8 MEEME Meta-simulation *T VA4 firmware 1E42E M £ device P, 7 Ih—k
#T Meta-simulation 8 E G RA, LA SRR IERE F M T B — 2 e B2k
FEo ARERMVE B 842, oLIA 3t TR M AnAh iR P I8 24, fEe1ERE = M 89305,
HMRIZARIE write buffer Fo log buffer 893 4FAFIE AL BT AHEARY T R B
coarse-grained #9 resolution Zi F SLIEALAGIHFE, M K73 WA TR 69 AR F & A HFHE
R, PIARITE meta-similation 2 BBIEE 5 1. write-buffer part 2.log-buffer

parto

3.1 simulation of Write Buffer

£ Write Buffer # Meta-simulation 7 @ A28 K 7 @ RIILIBZEEH catch
# w8 replacement order, 1 £4 replacement policy 7 @ 1-Buffer £4&4E Group
density(0(g) :W) BTV 74818 LBA group #fsL78 keep 1E age(temporal
info) and size(spatial info)o /£ memory 8974467 @18 group £44k49 information
A (1)LBA: 3t group ¥J&2] Logical Block # Address(2)temporal info: 12384 Hu
%5, AEHE—ME4KB 8 counter %34k, (3)spatial info: 44kt group access state,
S RAVL SRR A BRI G 7 B A ek — 1B sector 4& group #97KAE, & 0.1:216 M write
buffer ¥, notebook trace buffer F group X#M741000~200018, L+ group age ##
group LBA £ buffer size 16M #1570 % notebook trace MEPTIE69 memory 48525
A2 20KB AT, ffi4e spatial info /Al bit map &5 693530%250KB #7> Memory #4974
FEBA R R Ko PTVAR AT #4017 keep spatial info #4237 dual-resolution management,

B bit map 894 FIARILK % group F dirty sector #9382 R % K542 clean
9 sector map, #7542 group weight NG group, &AIAR A bit map 4977 Xk



% 0.1: 16M write buffer £ F] alpha T buffer ¥-F3549 group #

trace/a -1 -0.5  -0.25 0 0.25 0.5 1
NB 434.22  601.8 765.61 1118.68 1696.47 23048.94 2304.17
PC 368.82 548.86 715.44 1049.17 1836.70 2785.93 3313.29

UBUTU 228.73 346.40 487.36 751.96 1267.11 1777.75 2061.06

Ltk Record 8977 AR &kesk (3H4k Sector offset), M4 group weight FLdk K 69
group &AEAF|F Bit Map 48k, m dual-resolution management 2491 222
# 4= 1-Buffer 8 replacement #) order =& 2R3t & T ALY memory 87 E, LK
Group density &ATTTAEI > group # Group density #74 group weight #%4LIE
A, MK group # Group density # Group density #7% group weight % 4L.248
Htik st (4o weight 1=2 Group density ¥ & R1E, @ weight 1022=1023 %1
Group density %-FZ % ). B0.3(a)(b) #EM temporal info 89HFEEE, B group
weight #1745 groupDensity 89 %%, 728 0.3(a) &R ER B Group sizeo
M E0.3(b) TARIE group-Size FEIHR A S
BR, RZIF R 32307, FRMEBHE weight #)> group F145 Group Density, #,
18828 R 9 bk b9 A% AT (fine-grained) Zg 324 A A M 69 £ 3%, M weight &K
group K189 Group Density, &AL A6 AEHTE (coarse-grained) 25 FIAp 43T
TEAE 69 H AL,

groupDenszty

#7% group weight & 41LR%

1 1
GroupDensity A(GroupDensityj

GroupSize GroupSize
(Fig.1) (Fig.2)

0.3: group density

W@ T dual-resolution management 269 % BAIR., FHHF N4 dual-resolution
8GR, - FAARIE group 89 weight(dirty sector) K455 BRAERE] dirty sector #94%
# 75 Ro M8 resolution K A& Brecord Resolution(fine-grained) 5£¥A sector &%
i, € AEHE data sector map, ©h9328k 7 AVA—18 record &4k—18 dirty sector 49



gy o K9 resolution &AW & Bit Resolution(coarse-grained) £ ¥A sector &9
1EH A FAT, ©AVA bit map & M data Faxsy 7 X, 12b—18 bit K& 8L EAE sector
R AGBEGIR AL, BBIFHE Bit Resolution = 8, ©—18 bit 3t48%& 8 sector #9 5G4k
FE, BhATIEREeg 7 AL BIR—1E bit Z4k—18 sector 89 1/84%, & RiZEr NeHEZ &
BE, LA @R B K8 group E Group Density #7 group weight #%{L%
Ko B 0.4 AFRF map 89&THE,

Record Bit
Resolution Resolution
LBA=10 LBA=110
Age=99 Age=1234
1(1/1{1/0/0|0|0
0/0/0{1/1/0[0]1
1/1/0(0|0|0|0|0
0/0/0|0[1/0(1]1
1/1/1{1/0/0/0|0

0.4:buffer node type

#F£E Group weight TET#R A, #HAIELefTie record Resolution ¥, Bit
Resolution, iz B 1% &M1& #] FISwitch Thresholdiz {845 # R # 69 1RIE | 4w record
Resolution Group ¥#J record K# Switch Threshold, #&M#tA% record Resolution
Group ##% Bit Resolution Group 4B 0.5—F&&&J record M4 search time(4=
R &K% record % sea rch time g3 Hn), =R AR memory 89 HFL N (a), ™
Switch Threshold #9322 3% FE4, 4R K1 8935/]> record Resolution group #
T8 4% %, Bit Resolution Group &%, Z #5459 weight <Is group F&g 2%, K K9
Eg iR memory f8 reduce #9F %, K@ E RN HIFIRG BB trace 8 Switch
Threshold & £ 7 % 9,

w74 write buffer 42 group A% weight A g &K, BB weight K49 group &
B HIEPE B R, victim, PTVAL write buffer #2@ record Resolution Gro up i
ART & K %8, AR Amdahl’'s Rule 3220 &2l 8 H45L 44 Record Resolution
group T, w#—18 Record R32—18 sector AIFA LR T Hm £ Request EAE



block size sector =1024,Bit Resolution=8,
switch Threshold = 8

Record Bit
Resolution Resolution

LBA=10 | ) LBA=10
Age=1300 Age=1300

— |
1[1/0I0[0j0I0[0
0I0I00[0I0[1]01*
000I00[0I00
DI000I0I0I0
0[0)0[0j0j0j0j0
D00I00[0/1]0
0l0[0I0j0[00I0
0I0I0[0j0I0[1]0
o

b

0.5: Record Resolution to Bit Resolution

—1B sector #JrfliElL, FTAmARecordSizeis EI%H]5E 418 Record &4k R—
sector, fA—HIR 476 sectors #, 4a@0.6 A RecordSize # %, EARELFE
& Resolution #7t K. FHHIEAHET H—EA degrade, ATrA RecordSize T XAK
Ko BIFTER AL trace T12 A RecordSize=2,- ¥ 4 B 1% Z £ 7~# Record Resolution
map #3IEREHALTT RS —F B0

SectorsPer Block
memoryreduce = SizePer Record x SwitchThreshold — BC,OTS il _ oc (a)
Bit Resolution

Record
Resolution Record

Resolution
Age=151

I

[ 6 ]

¥
¥
o

[¢)]
QN o o1
©

0.6: RecordSize



R:B Ratio | 120 Memory
100
O Record zg OSR=1
O Bit 20 B SR=2
20
0
-1 -05-025 0 025 05 1 -1 05025 0 025 05 1
notebook
R:B Ratio | 120 Memory
100
80
O Record 6 OSR=1
OBi B SR =
Bit 0 SR =2
20
0
-1 -05-025 0 025 05 1 -1 -05-025 0 025 05 1
R:B Ratio| 150 Memory
O Record| 1 ESR=1
O Bi =
Bit 50 B SR=2
0
-1 -05-025 0 025 05 1 -1 -05-025 0 025 05 1
Ubuntu
Fig.7

0.7: Record and Bit ratio
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3.2 simulation of Log Buffer

A log buffer BEHEFMARMLIER S0 logging/plugging 89 cost 12 &RMA
T E T AMBoAE S AT, PTA%eid victim block 89 associativity & JF#w &4
information, %—7 @>& memory 89% &, 4o RAF log block 2@ e & R4 3L T 6935,
AR A HALG IEH T . A9 log buffer size R E#> write buffer size,log buffer
size G KA write buffer size, PTVAEKAIZ#ELR log buffer #9438 g T412 log buffer
size ¥ R m&pHEmR &,

LSA=10234 LSA=1023
g8 g2
=3 a
=)
o )
IA 7]
n 17
LSA=0 ] LSA=0
time
(a)Temporal group
LSA=1023 4
| |
2 i
o
- ]
@
7] u '
] | |
LSA=0 2 »
time

(c) down to log buffer group

0.8: log bffer group versus-log buffer group

A @R B RATE LB R Bl oM 89 cost, #hublBFmil log buffer ¥ associativity. &
4oVl Spare A& 64MB.Block size=128KB.Page size = 4KB #FLTETHA log
block #2 &9 RAE 256 KB 2 #BAAK %, woREIE spare 3R E A, E&RMTTR
H &84 log block F &, #£ write buffer committed %] log buffer )& ZR&#UR,
2, AT B K M6 write buffer algorithm A& & 7T %70 temporal locality
group 4B 0.8(a) ¥ARY hot data FEFEGHE X log buffer # & log buffer % K iH4e
Pk, AT E TAHATIK spatial locality group 428 0.8(b), i34+ block-level map-
ping or hybrid mapping #% # T, TAAEGH cost #i&kAg Switch merge or Hole
plugging, 1 l-Buffer Bl# g% & temporal & spatial, HtE EH write buffer
committed(replace) T4 EHEGHFE 1. &K cold £ data, B A hot data group
G keep £ write buffer #4546F, 2. T AHAE ] size data A log buffer, H
BT size K89 da ta 4% flush TREG AR 9EG M hole-plugging, it Fg i

N
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A log block 4= 0.8(c).

3.2.1 Committed group management

ldest log block Young log bl
LBA Merge Merge
T - -
=0 | (@ & ||l
Commited order T Commited order Commited order

» Cause the LBA remerge

LBA Life Cycle

0.9: committed data in log buffer group

sizehalpha 1 0.5 0.25 0 0.25 0.5 1
EX 0.670269| o.688002] 0.707913) 0.7333568] 0.773737] 0.808323) 0.842723
[an1 0.603169| 0.711254] 0.731912] 0.75043[ 0.820258] 0.850097] 0.886756]
ST 0.724824| 0.746546] 0.770826) 0.815383] n.805807] 0.927305| 0926114
161 0.746584| 0.78272] 0.818474] 0.885567] 0.93382] 0952711 0953415
32 0.788257| 0.844487] 0.861567| 0.045644] n.967942] 0.058774) n.968021
BAT 0.833389| 0.004575| 0.922887| 0.958607| 0.978506] 0.972099) D.971142)
12811 0.000003| 0.018045] 0.047288) 0.084701| n.o88842] o202 nos2642)
(a) notebook log buffer size 64M
sizealpha 1 0.5 -0.25 5 0.25 0.5 1
EX 0.713345| 0.722475| 0.727238] 0.743222] 0.787633| 0.8120982] 0.800764]
411 0.710086] 0.720833] 0738401 078516 0.809455 0.841335] 0.800745
81V 0.726256| 0.735827] 0.756009| 0.7877%7 0.835218| 0.885267| 0.8593%7
161 0.734] 0.758722] n781246) 0.81588] 0874367 0.911981] D.8Es143
320 0.744135] 0.776794] 0.806683| 0.848302] 0.91804| 0.926068| 0.88534f]
BAT 0.753642] 0.806746| 0.847842| 0.001822] 0.953025| 0.956949] D.001385
1281 0.728777] 0.864412] 0.884287| 0.933624] 0.269215| 0.975528] 0.912167]
(b) windows desktop log buffer size 128M
sizehalpha -1 0.5 0.25 3 0.25 0.5 1
EX 0.853347| 0.856657] 0.861805| 0.871272| 0.886386] 0.880093) n.883487]
By 0.857427| 0.868245| 0.876846| 0.885556] 0.905228] 0.908461 0.901642]
ST 0.872552| 0.881792| 0.850742| 0.008524] 0.928542] 0.045646) D.930093
1611 0.883477| 0.895675] 0.006894| 0.031074] 0.257834] 0.973381] 04211
320 0.893604| 0.008823]  0.93008| 0.959443] n.983758] 0.991027| D.9s1054]
BT 0.208222| 0.935857] 0.959634| 0.083335] 0.99141] 0.992826) n.965086]
12811 0.522253| 0.960939] D.o82089] 0.089643| n.99s008] 0093407 D.o738)

(¢) Ubuntulog buffer size 128"{
0.10: Remerged by First committed ratio

F k& 418 LBA # write buffer #& committed 2| log buffer # Data &V H#q
434K invalidate 3%, Z23t LBA remerge Z a7, 42 0.9, M B0.102# T A£TF] trace.
R FE] write buffer size. REofiogFNT LBA &4 merge B, 51#2.% merge #9
log block &% &iz:k LBA #—X committed #) log block Hfl, @& 0.10°T A4 %
K355 merge 89 log block #FZ k. LBA %—:X committed # log block, E it
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Mk & R28%418 LBA %—% committed # data, i & HK324k %18 log block 2@
B o

Physical log
Block Number]|
First write log block — o] "‘Logfbuf for nochLog—buf for nodoHLog—buf for node
il ﬂLUR*bL]ffE[ nudt:HLog*bquel uodel—o|LU}£fbuIl'el node
62 "‘Logfbuffer nodeHLog—buffer nodel
last write log block = 63

{a)Log bufferis & 42 48

[Physical log Physical log
lock Nurnber: Block Number!
- 1 % . I I
wwite log block = 0 [ usacwsl P Laaie [ LBAdimz | Feerwese logbioer = 0 wwaenr P owmee o e
1 waes b e ] wmen | 1 s B maes ] umcn
62 [ iscwe P sz | 62 { Lwawm [ Lmesm
i 1 I 1
rite log block » 63 [T LB:5S Iast write Iog block > 63 [ Lm:S5 r-4 s |
. drop A to st swrite blo:
(b} ¥rite cperation hit (c) Write operaticn miss

0.11: log buffer Z&4% /4%1F

Committed group management EZMGPEE, ot R sk LBA %—X com-
mitted #| log buffer #9& 4, WEKIH merge A& K EFH —XKH committed
data PT¥EmEg, MmEAH—K committed Z4K 8 committed &AMk FHE3ére, B
B merge BF R @PTH 89 E AL A&, B keep $—K committed data A
BRI AL Aol Y S ER HARA 2 7 k. EB0.11(a) %A log buffer 2248, A
By MRZeek % — ok committed 8 data, PTVAS{E LBA AR AHE 2§ A —18 node,
%98 —18 physical log Block Number # index,  index k&) list #4kPTH LBA
%—:k committed BFATVAE 3|89 log block, HtE ¥k —18 log block #% GC, &Mf1A2
FEFECEL list A% node LT WAFrid associativity, B0.11(b) R TEZFiE
X committed # data A& H—X committed, FLAFHZATA committed data & |
log buffer, PTVAiZ k69 committed data &RAVT AT HKeski, AR AselEfe =M, SLE
¥t associativity NG A HE, TAKATE commited data merge BFH &£, 42B0.11(b)
¥ LBA:1001A—% committed data 3|4, TTZ 4% log block 0 EZA LBA:10018)
committed & ATIAKAIH T 324k32 # committed data, ME committed data B
JEH) LBA iZXZ A £ log buffer Z#& H node &, RAIZZH X8 committed EH}
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BT L% committed XA BATEAFH) log block index ¥, 42 B0.11(c)o
3.2.2 Invalidation handling AND LBA group Shifting

JE35 3 B AR 340952 invalidation #9#%], $E AR % —K committed data 7,
A invalidation 3898 R &, 12K B A L/AE maintain 4R TAMK invalid 42
BF69 150, Invalidation handling 7 @, &A1— 448 % keep $—X committed data,
Mm% @a) committed data RIMETRIE (Hh5) #, ERMEEAELTEEASF—K
committed data invalidate 47, 4o f8 6935 RKAMTEAE group FH4G49 data FEik, E 2
group FHTHEAHY data 87K, BAEGEUE, RIM—7 @ A i Aelamgey 2H, =75 @
&K VA%l B —R% committed data 74 invalidate 4%, 4=&0.12

LSN

LBA
commit D D m
order [
[ |
.. time
LBA l . -] -]
group |

statistic D
LSN . A . .
It's time to-adjust LBA group in log buffer index

0.12: Invalidation handling

% %—R committed data &A% invalid B 2 sLZ8E41 group Shifting &0.12,
HAVGWEEA group shift Bk K =R invalidated write log block ¥, 2 # multi-write
#9 total invalidation § & kg £, B BERME T wlE8 4 2 A% group Bk
—X write log block (B33 JEZ%EA 5] % =K committed 1 og block, 12%324%49 info
K %) FERIFERBTRETK, BB ERIMPEIEAE one write committed data 3t
TN H—RK write committed data invalidated 4%,

soung LE 15 ™ LBA:201 15 ™ LBA:201 [*| LBA:55
" 10[11[55]66 " 10]11]ss[e6| [1]2]3]4
6/5[7]8

YA

Come L BA:55 commit data

1 write 1~8 1
Sldest LE 0 | LBAS5S *‘ LBA:10 0 LBA:10
Log block 1[2[7]8] [s]6]7]s Log block EREE
index [ 9]10[12]12) index | | 9]10[11[12
(a) before (b) after

0.13: group Shifting
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3.2.3 log-buffer node data placement

FAIAT @t E#169 memory reduce=-committed group management, 3% 7 2
sk H—R committed data RV b Tty ERRE, MM L@, RITT AR
%—X committed data FAKIE BV TIERREE . LRI write buffer —H42
AR A F a9 7 1. Record=4-18 Record #.4%—18 LPN, 2.bit map. 12§49
AR AR T AT G R A BB, B A&RMA A Resolution #9725k, AL log
buffer read /write 89 #4224 5| page HuAe write buffer F 89 s ector Resolution £ e,
BRT NS, ARALZ AT K89 Resolution Map, /235 % & A1G A —{B#44%69 logbuffer-
RecordNum, & record #9% B K735 R MW record place #4%m%, bit map places
f4ef K3 logbufferRecordNum §# & 2| KM% 4 Ve lEfe R, RET @
(a)(b) 89K 4RI R REZE Dirty Pages< %ﬁfﬁm A record A5G Ay
ey lERe = M, ATl logbufferRecordNum 3% PagePerBlock /RecordSize, &AM
13209 Y 632 18R AL,

o

recordcost = DirtyPages x RecordSize(bit) (a)
bitmapcost = PagePerBlock(bit) (b)

3.2.4 early deletion old group

AR ABRR & ATEEAEY group in log buffer #9RF1AE, A & log buffer size 4%
. write buffer K4k %, PTvA group ##7% log buffer memory HAegZ R A4, &AM
T A EIE spare 6938 K3 AR MMAESHET memory THARLL G o, MERE T early
deletion old groups E0.14, € &#E L E#ALRAF] log buffer 8 group, fEik#t3
L LRU, &AW 24542 log buffer F3x old group & M A 43769 LBA group
1% o IBARMAIEA L KA T AR old group FPARKAG8FIHE £ log buffer L4572,
{9432 LR A HFEAN group A2@mEg EAHZ 4 invalidated 4%, st group #KE T A
invalidate #9#F KK, ATARMIFLAZ I group G WA, PTvAMk group #HEE
&7 log block index associativity fehe—, B &K 2T group G 24 B ATHEE]
89 log block £ GC B merge,

3.3 Runtime meta-simulation

% &RMVA T write buffer ## log buffer meta-simulation A2 4%, 3T ¥A back-

16



’ld young old

O]  coerereen 0 Associativity counters | 1| ........... 0
........... LB LB
Oldest group =
Come a new group n
but reach TH

0.14: early deletion

ground #mi8E FTEAF oA % F, SRARMEGE LR device T ARAEHEATE alpha 18
BEEAE, FRMWR A6 7 %L A multi-Instance +Session-based 4=B0.15, multi-
Instance #93ERMTGTIERTF Bl (-1~1) A catch SAEAG 2 M /BF I & ek 6 Ll 451,
Session-based: #-4&i#— Session LA —K, MAT—K Meta-simulation #4549 alpha
{84533 2% session 89 real device 4%, # Session #9 #4248 M4% A write request #9283,
Z ¥ B Instance 875-F, 42R4% A flush group %4 BPLRU 4 Instance group
G, RZAmE FAB #) Instance group §H.E %,

el Gevics | [eal devicy | RERMERRY | [real devics =+ -+~ -1 1o (IS el devicy
[ InstanceE {[Instance 5 || Instanc%

JuluuId BUI-UQ

i

© [insiance & [instance §> [insance 3
D :
; |
h ; A N
3’ |[instance 3> : [Instance 3> |[Instance 3> :
5 | ; : | ;
= [Instance 2> Instance> i [Instance 2> | | ;
[Instance [Instance | Instance>
Write Rex
Session 1 Session 2 Session 3 Session n-1Session n

0.15: Runtime meta-simulation
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$H 9 Experiment
4.1 Experiment Settings

BT &AMPTE A 69 Log buffer size/Write buffer size "A% NAND flash Mem-
ory BA&4e%0.2, £+ A NAND flash Memory # Block size. Page size #e3kfk &3k 5
B B o R A A DA 2B R 0.2, da 24 8RAVE NFTL A7k R85 7% Bk 2 A FAST
SR EVERFENFTL & fik. RME 52 d Lbuffer 2B EA S HibaAK ek, M
I 89 ¥ %/ =42 1.offline 2.host-simulation 3. device-simulation 4=% 0.3, 0ffline 8.4
& &ML offline 89T & B 8609 afif2 £ B 2 Z AE BAERBEITT AR e
FAE optimal HEEHF, device/host simulation #FZF] ] meta-simulation 857 X,
KE BB Sl @£ RTPTE £ MR IE R E B — BT 0 simulator 24 de-
vice —{BIA]5L8 42 host F %%, W device-simulation 8934 7 @ &AM E 9 meta-
Instance & 318, & write buffer #) 5-#E8 € recordSize 5218 sector Wzt L—1& record
TV e85k AE LSN f2 bit-resolutiondRATBRA B sector 89 \4E K ALk AH map BATE
ANAE, A Threshold B 24 1B sectors log-buffer 7 @ B4 B 5 #F3%
1. f& log buffer 3% % log buffer.group #1E#=3000, & 4% 4542469 Threshold
B 418 page FEE A& 0.4

# 0.2: Environment Setup

write buffer size 2M 4M 8M 16M 32M 64M 128M
log buffer size 64M 128M 256M 512M
Sector size 512 B

Page size 4 KB

block size 512 KB

Time of Page Read 60 us

Time of Page Write 800 us

Time of Page Erase 1500 us

BEGERARR P69 =4 -buffera B 7 iR ILA 1% 1 69 EAd buffer algorithm 1
e FAB #9 Buffer replacement policy B8R PiE SR % E4HY Group F1E victim,
AA plugging®#4]: @ BPLRU #9 Buffer replacement policy Bl#&{& LRU order &%

18



% 0.3: 1-buffer Simulation methods

Description
offline SR EAE, R omptimal LIk

host-simulation

= E

1% 149 memory % host s@sblB2% simulatior

device-simulation

R4 memory ¥, 8 5 IRAR A E 69 R A2

# 0.4: 1-buffer setting

instance 3
Write Buffer parameter setting
recordSize 2(sectors)

bit-Resolution

8(sector B9N\A4E)

resolution change TH

24(sectors)

Log Buffer parameter setting
LogbuffernodeTH 3000
ogbufferRecordNum 4

7 Group, plugging #4 69854%% Group #9& #Hi%—F8F BPLRU s£§1% M plugging
##1:CLC # Buffer replacement policysi buffer t7&®1E3r% Upper & LRU order
J BB P [ 330bE lower B FLARMGSE 72 ] & sdubk /o 4B B b5 5 1:9;REF 89 Buffer
replacement policy BEGRAE FTL & RAREH /£ log bufferk &89 group %2t
Z i buffer 7 plugging 898 #E Group 895 Fim—F8F BPLRU s €4 M plugging
Metlo -7 ik 03 42K 0.56
i fe4E Rl egworkload #93R3F &R AMER A RAZ R Kb 7 A 69 TAE33% 1. windows2. Ubuntu,
/2 windows X 4~ % notebook ## Desktop MfE, /£ windows F3iE FFHA LR
A locality #9424E, mAad7> Ubuntu 87 @48 691% Mg 4 random, @ B# Work-
load #3% € 42 40.6, ££F @693 ap §HRIE TR Bl 49 workload. FFEl#) log buffer size. 1~

% 0.5: other buffer methods

Buffer Replacement Policy Plugging | Default Settings | Reference
BPLRU Group of Least Recently Used >0.5 [4]
FAB Group contains the most sectors No 2]
CLC Upper layer LRU+ lower layer FAB No Upper:lower=1:9 [3]
REF Select the group that Recently evict >0.5 VW=0.75,VB=3 [9]
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# 0.6: Workload setting

Logical partition | over-provision
Windows NB 20GB 64MB 256MB
Windows Desktop 40GB 128MB 256MB
Ubuntu 40GB 128MB 256MB

R84 write buffer size LAIbE,

4.2 Experiment of vary write buffer size

IR A AR R write buffer BRI EARFNTHE AR trace 94FIHE,
& M8 device-simulation 4efT AR B RAG ML XBETF ) write buffer FZIEE
AR trace 894FM, mBEIWEFS BRESF @K 1. Performance evaluation 2.
memory evaluation,

4.2.1 Performance evaluation

T@E 0.16 & workload % Windows notebook f over-provision #-64MB T #93t
I, ME 0.16 2L Ibuffer R El o8 R ws-49tL 3 offline /host /firmware(device)
18 AL G HFE i alpha=-1,0,1 B Bl afitgR e & 5K AITT VA 2L write buffer
PN (2M~8M) T A AT AR AR E T o 69 R T 4 alpha—=-1 891U T ARG 54T,

B & & write buffer N9 RT write buffer #9%2 K& 22 K%L hot data L3t EEF
M S g R 4T 69 7 A\, RORAE alpha=1T3iF B & write buffer XN buffer ¥
49 group RIEAEEIE B R AKX size T AFMEAZ T 49 merge:switch /parital
merge 1 HALEHFXFBOK hot data 5 4 buffer M9HELT alpha=-13KREAR £; KR
f& write buffer size X #98F1% (32M~128M) i2BF4% alpha=-14= alpha=1#93 /8§ &
FAEUT, B AR T AR buffer & M buffer T 24 #8771 32 /MR = B 69 |8 3k,
Mo A fe A% afhby offline/host /firmware(device) £ buffer sizef)FN TR A Z R
W B ] 3R PTA g Fe alpha=-1893k68 21 %, 12 buffer size & $K 0¥ X AE38 B 69K
FE MBS, PTAL buffer size R K AL SR R b 77 ik G BT, MLkt 593
by 75T, ek host-simulation /device simulation &% A3 & 3% alpha F*4F
S8 THRLT RDK R TR R E G A EIT A, 7 2H 0.16 HEAK
AL 1-buffer Fo A 69 buffer & FokBobsr, RATT VA 2 £ 418 write buffer
size l-buffer #frb HAl 77 ik A 694F, B 0. 17244 Ubuntu 2 EHE#KELE workload 1
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BysRRE b, B0.17 232 1-buffer R FlofE A% R0 b, RIMVERA BT a2 at £
buffer size 1~a98F 42 AR B #8469 7235 /B workload T2 hot data & JF%H €& alpha=0,1
#a alpha=-18 —#pH —B R 69 £33, 33T A Bz /B workload $ B#alig 2]~ buffer
size WL TARATAE K EE M BBRMGIE, £ alpha=069FRT 5% E—2 % H &
B R AALATFE 093K A8 Ao alpha=-18 —B 236, T 2R FIFEE ML) 77 7% T host-
simulation/device simulation/offline #938% T#8A 4814 692K At AL/ buffer size /898§
&3 alpha=-1 FVA%IK hot data,buffer KEFi@MES 8 % — T % M R akb: Tk
F M B AEASE plugging Hstikae & buffer size #TREF AL G alpha=-14F,
FEB0.174A#E T Lbuffer oA 8 buffer & Ak, BATTVUE B %-F-518 write
buffer size l-buffer #Rrb EAb 77 ik 2K 894F, /& buffer size ‘¥ l-buffer & F» 2% JE1F M
B3ty 7k BPLRU £71 %A #ik % 69 R A& £d7 Ubuntu workload A% Hedk
T write buffer size/NG8#IK4E 3| size &K 89 group ¥, R EAEMK plugging #a
%, L3 l-buffer A#FEME plugging RIEEHBIR % 89 perforamcne,

#24 Ldam 8 workload 898 8RR MTAAE] micta-simulation 4 g 15569 FF
R, BEFRMEE R alpha £ o0 BRT 269, /BT device simulation
#= host simulation 893XAER A § K094 ZieatH T KR G V39 E R A AT L
Fo % H G meta-simulation AR Z sk fATIEMa A EXAE 698 4, £ T
— NG EILRAE meta-simulation AEIERE{EA bR £ 2,

Elapse time Elapse time
3.0E+07 LB =64M 3.0E407 LB =64M
25E407 [ ® - --e 25E407 F & ...
e 3e. LS .
2.0E+07 |- 20E+07 L ey, Rl
A =§::'-\¥._~_
\,‘ ~'ﬂ.:::-:-¥’-..-_")(._
15E+07 | 15E407 T . R R S
I 10E407 | \"\?\?
L10E+07 : +—offine  —8—firmware g
—e—offline —s—firmware — —host - ¥ =BPLRU
5.0E+06 H— —host alpha=-1 5.0E+06 |- ® -CLC = ¥ =FAB
-©-alpha=0 -®-alpha=1 . - © -REF Write buffer
0.0E400 ‘ ‘ ‘ ‘ . Write buffer, || goe.00 ‘ ‘ ‘ : : : :
2M M 8M 16M  32M  64M  128M M M 8M 16M 32M 64M 128M

0.16: Windows NB

4.2.2 memory evaluation

AE3 3 RAVHARIE L@ 69 T Bk 4T host-simulation A= device(firmware)-simulation
feelEns et MARE Eag 2%, B0.18 £1% & Windows NB #&#% & Ubuntu workload #£
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Elapse time Elapse time

T.0E+07 LB =128M | 70E+07 1 LB =128M
6.0E+07 | 6.0E+07 | -
5.0E+07 5.0E+07 T
ot
4.0E+07 4.0E+07 | Lt 4
. R
3.0E+07 - 3.0E+07 | ‘\:\%
2.0E+07 2.0E407 t i i V
——offline  —#—firmware :o:ggf!?e Tgmﬁﬂe
LOE#07 || = host X alpha=-1 10E407 | |-®-CLC - +-FAB
*X-alpha=0 - ® -alpha=1 Write buffer - X - REF Write buffer
0.0E+00 : : : : : "1 0.0E400 ‘ ‘ ‘ ‘ ‘ ‘ ‘
2M M 8M 16M  32M  64M  128M oM M 8M 16M 32M 64M  128M
0.17: Ubuntu
Memory(KB) Memory(KB)
1600 7 WindOWS NB 2500 Ubuntu
Dhost Wfirware T
1400 | Dhost Wfirware
2000
1200 -
1000 1500 t
800
600 L 1000
400 50 |
200 I
0 0
2M iM M 16M 32M 64M 128M M M v 16M 3Mm 64M 128M
Write buffer Write buffer

0:18:_memory evaluation

B &RATTUE A A device(firmware)-simulationsg. &84 694% A2 BA# L host-simulation
A 89Y host-simulation 4% 82 X#A device(firmware)-simulation 3~44&F5% write
buffer 8 EAE L %, m 126 RAAKRM dual-resolution ik BA ) sector bit
map ARF A request #9324&HF]H RecordSize ffesk dirty sector. B 0.19%8 =
FF write buffer TATE B30I E FMAEEEE SSD control ram &L BIHEE F A AL
RER S, d B IPRITT AL A28 69 % 5= write buffer size AMRIELE), B A
write buffer size —KAZ@PTE maintain # group Fik %, R 748 s E &AM
7|54 write buffer group R %,

4.3 Experiment of vary log buffer size

k\\

S BRI A T8 Log buffer BB ERFNTHREAFE trace 8945, M
#4189 device-simulation 4efT 4% & 289l K38 EFR B 49 Log buffer 2288 %z fe
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Memory (KB) Memory (KB)

40 ¢ Windows NB LB =64M || e0 Ubuntu LB =128M
350 | Wlog buffer 700 | | ®log buffer
%0 T @ buffer 600 [ | mbufer

250 r 500 F
200
150 300

100 200 -
i om
0 : : : : : : . . . . . .
M am 8M 16M M 64M 128M ™ ™ o 16m _—" am

400

0

128M

43% 2.7% 16% 1.0% 0.6% 0.4% O.\%\?/é) 58% 39% 29% 16% 1% 0.6% 0.5%
WB

0.19: memory-used ratio

FF trace 894F M, MmEAM—HM 2 AHREL @E 1. Performance evaluation 2.
memory evaluation, 12& T~ —1369Z[E13 log buffer size 3§ K 4 log buffer ¥ 49 group
HETEZIE S 7T A BF &AM SSD control ram #Z A Y % | HE log buffer 38 KAF &,
st g A RaT @it 269 early deletionf Ve 1&5E 69 k4,

4.3.1 Performance evaluation

123y KB BT ERE log-buffer size T ¥a8t 7~ Fl 89 Logbuffernode TH#
4142 log buffer F 49 group 3, B0.20 £1%5€ windows Desktop £1#%-Z Ubuntu iz
18 workload #J logical partition 4% & 40GB; PTVAMAE4£E] 89 LBA g % Rt &g
RE B, RATE SR A LogbuffernodeTH ;2000 F early deletion BT A a3 A4 4%
FEFH 8 T BR AT A A A TR A 1og buffer-group #VFILT , 23 PARMTT A d early
deletion #97 ik REAL log buffer size 3§ KBF&AUE A SSD control ram 3 G TE e
LI, w1 B P L AR 89 1T 8 KAV LogbuffernodeTH 3k 694RAKEF4Z (200) &,
T VA& Bk he e 7 @ 2IUER %, B B &R keep K log buffer group #9& 3R
¥R S £, B0.21% £ 1 F Logbuffernode TH % T afy 44k, HATT LA 5
AE 200 89 B A% b S ALIRIZ A TR A1 A 33 BA 4 69 4k, 482 Midg LogbuffernodeTH 4
early deletion FMEALR Y FLIEMIEALLIAE T BTG A K % 09154,

4.3.2 memory evaluation

B RMTE R ZARET TR log buffer size T4+ Bl Logbuffernode THAT
& A B TRIEREAe T, B 0.228 M A B4R T4 log buffer group 1ER #l69363501&
B AT — AW FE ) LA Ubuntu workload %-F& v g8 A38he, miE A Log-
buffernodeTH &AM LA 2l3e &84 A4 2 4 @ windows Desktop AT VAR Y 2 m~3
P, AE128M #2256 M &V 64 & TEAREL A B 232 8 log buffer size TEFGREHE

[guis
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0.20: vary logbuffer with early deletion
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0.217 On-line value changes of «

Desktop A& & 57 4% locality 89 BHBAT BPTAE G569 LBA g ; M Ubuntu %k
F—H T R VAR Y 4 s~5 i, BRI E B Ubuntu A& sh2 B B9 34T 5
FrvAeaedt 2169 LBA Aa¥t 2R 38 st i log buffer size 2A 128M B & AM#LA S04
early deletion #9502, early deletion A& 6932 1&R8 HALRIE workload #9755 4L E
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0.22: Memory requirements for simulation vs. log buffer size
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% 2= Conclusion

SSD #e & #4644 4&£ NAND Flash Memory ¥, m@1#4%f outplace-update FTiA
FEGNEAE T REG H B E 2 M R fmigs GC, £FAA random 8 EAEFENIC in-
valid AHRBRZH, FHARG GGG, 13T SSD A—AE A LAk sa, kA
ARt Bl REARER b 42 JE T 354 host M9 write request ol /¥ 32 i #t /& & NFTL ¢
PRI K, Mk write buffer & 2)&/& NFTL log buffer #9&#HA f&zt L 0t
write buffer 8978 Fik (#35 XERE LB EGEHALE £ write buffer F) write
buffer 3% Hik K 5 A4 M S E MBS, 2, 3| REZMENFTL #9:iE4F
429, BPLRU & B2 %A% R M &3 6978 B k458 hole plugging, € 898852 ik
29 group T 89 REA R A0S T E MBS FAB BLZ A 0E B E MBI, B ek
2528 4o write buffer %2 M 2 3k VABAE I8 ik B35 2 Ak 0g 0 I B 3k bd  CLC 77 k48
KRR /72 M R3S buffer 8 p 4B, partition, Hbdt A 285069 58 2340 % ; REFAY
&M AR AE log buffer A £ #TEAHET group &50% 1F victim, #2352 548 4 log buffer
= MARE AR 2 0 OUT 48 A T84 09 350kk e sham AR 8975 7% £ F] A simulation-assisted
b9 7 NEBIRE A workload 89 locality, 5% workload ) locality &RV A%
TR, ZALIA L run-time #9FIEARIEEK A simulation 89 & R EFE LN write buffer
BIEFF (AR E o), RIMTERGLARAIHEY resource R %, ffesb BamsL 894
H 89 7 5T AR T REF RS RL B E R T R A EZ A RA G H iz 34
RVGERMVERE write/log buffer /& Fik 69475, g3 simulation HAAER
R A RAHALIR Y resource HFeF simulation s MK 2| —1B-F 4185 SR
1189 simulation ZVAFA device o
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