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= ~ Adaptive Resource Allocation

3.1 Overview
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~ Implementation issues
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Bos A B R 2E b Y Sl kA Blzedk Block Flush enT 35 * & o= #ic ~
GC ¢hT 3o £ fr=c #c ~ ptw 4 8- (T ~ HighResolution =ip #c ~ T $o3 { 47
PR~ S2L s i 0 - B RHOTADYIE R o ik 64byte che lp a3
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I ~ Performance Evaluation
5.1 Experiment Setting

BT k@ %P o AR * ghTotal RAM size 2 2 NAND Flash Memory 3
¥4 1 2 ¢ NAND Flash Memory 7 Block Size ~ Page Size fr# "f B

AL A S 1 6%4)3 SR B de % i %iv"‘Jv’bpg ? ERER RS SLEE AN U 3
% I RAM size ~ Overprovision 1/ % Geometr LK «Lm% TR e

4 ¥ 1. Environment setup

Total RAM size (MB) 12, 14, 16, 20, 24, 28, 32, 36, 40,
48, 56, 64, 80, 96, 112, 128

Sector size 512 Bytes

Page size 4 KB

Block size 512 KB

Pages per Block 128

Total physical size of SSD~ | 65 GB
Total logical size of SSD 64 GB

Spare size of SSD 1GB
Time of Page Read 60 us
Time of Page Write 800 us
Time of Block Erase 1500 us

Afpenp 4 2 A 16MB~64MB 9 SDRAM A #8 = # T » ARA /i &
ER AR FEELY AR GREAEIC e AP AR ¥ Y S PL
mapping [4] 1+ % 3 #& Buffer i+t (FAB[13] -~ BPLRU [14] - CLC[16])% 2 #&
FTL(FAST[6] ~BAST[7])hie & o ™ ken@ B® » 57 3 3R T8 v i
‘%7 ARA 2 22 b > H gt ¥t % FTL &7 Mapping Table = # - = % » RAM
size T 5 Buffer size -

% 2 5 =47 k Buffer {vs 21t g o Buffer vk ¢ > FAB 2.5 =t $43E T4 3

¥ # % 9 Block # i victime @ BPLRU R &_r4 Block % ¥ =i {7 LRU ¢ 12 » 1

oA TR G R 4 L (5 [15]) PF§ A B Block 5% -5 Padding > 4

ULILE = A4 ;FFE':*?»]{L;V & o CLC B E_#-10%:7 B s w i LRU @ * » 1

T 90% 7% B i s fs B LC Wek @ * o @ g2 Cluster LRU s e PR B &8 44 o0 X

MFREOT R E%E A LCE  LCERILEZ R REE > BLETHRIEL
% e Block & w FTL -
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# ¥ 2. Comparisons of buffer replacement policy

Name | Buffer Replacement Policy Padding Default Setting | Reference

FAB 1. Block contains the most | No [13]
sectors

2. Block of least recently
used

BPLRU | 1. Full block 1/2 [14] [15]
Block of least recently Ref to [15]
used

CLC 1. Block contains the most | No 10% size [16]
sectors in LC segment partition for
2. Block contains the most LRU-C and
sectors in CLRU segment 90% for LC

# 3Rl E =47 F FTL 2 o FTL ? (o PLmapping § » f #& ] ~ g
FEERE o RFELF L EH A NETable & * > PLmapping <7 GC = i %
Greedy » & 413 »x 34 7 # &5 47 Block w»]v: @ 2 ¢ % GCblock % 244 £
A 3o m FAST £3% %73 < Data Block = * Log Block » GC p#iE ! & 5 4L % » T
#Le Log Block i = Merge™ - IMerge %’\? it & 2l £ e Erase & FALEA -
BAST R 44 i# Data Block 4% it # = i #* Log Block »GC 1 #34 (RR) > 3% #1 Log
Block # Merge - ]3¢ % Log Block # & ps»LogBlock 2. ¥ ¢ 7 49 7 4B & crai % o

4 ¥ 8, Comparisons of FTLs

Name | Mapping scheme Association GC policy Reference
PL 1. All page level Block contains [4]
mapping least valid pages
FAST | 1. BL mapping for | All:All The oldest written | [6]
Data Block All data blocks | log block
2. PL mapping for | share same log
Log Block block chain
BAST | 1. BLmappingfor |1:1 Round Robin [7]
Data Block Each data block
2. PL mapping for | has its log block
Log Block
#ip i % o Workload — % § = i > 4-# 4 - Notebook & — 4 % o & ¥ 3o
A% Mt o 2 Windows XP 2 iF% %%t » @ % Diskmon[19] Jc & 58— B >
T Jﬁ}ﬂi Aot i 7 g0 Read/Write 7 5 o @ Ubuntu P 2 - 4x ¢ * i = ad HAT
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%roubuntu 5 fE 3 kst ¢ % Blktrace fe b - B0 R F F g BT L o @
Multimedia B S48 ghie 7 + £ o0 % 488 TR g > S Sequential Write ek
# Workload - 75 » 2V & * |Ometer »2 4KB request » 100% random &% 2_%k
A 4 1% Random Write e B~ (7 5 » @ AP skl ize 57 kit
Workload it 7 £ #f ik e 4 47 o

% ¥ 4. Comparisons of workload

Name Total write count | Write Ratio | Rewrite Seq : Rand
Notebook | 1,509,343 48% 61% 41% : 59%
Ubuntu 3,718,295 35% 57% 29% : 71%
Multimedia | 352,353 100% 9% 94% : 6%

IOmeter 5,102,399 100% 2% 1% :99%

5.2 Performance Evaluation of buffer

hAF & AP L 47 2 487 o Buffer Policy 2z & Workload T s 4 &2
o @ E- HHm B N g A i F . Kl 13 5 I 48 Buffer Policy &7
Workload = » 3 4c RAM size %+ Buffer Hit Ratio £ Total Flushed Page 2. %2 %8 -

B 13 (@) = NB Workload T =3 Buffer Hit Ratio > .7 ] 13 (b)#]Z_Ubuntu trace
¢ Buffer Hit Ratio » - 4 @7 -5 cnf7 & Workload ™ - & 5 i chiF % 2 44
Fpt i P R o0 Buffer ¥ 903G Bg e Hit Ratior » it vk £ B
>3k ders Page & g L H 0 LRU-Page ~ BPLRU 14 2 24 ipe ca= /2 ARA % o
FAB -~ CLC Fl#ii € 7 ¥ ® & |+ » F]y* Hit Ratio $i4 -

a4

B 13 (c)2 B 13 (d) = NB £ Ubuntu = » % #& Buffer s 428 11 & - ARA
2 BPLRU B2 X & § 7 4 s Hit Ratio > fe B w FTL el dp $4 4 23 40 > i3 2 7]
» ARA hRMW 12 2 BPLRU i Padding» = 7 4= » FTL & GC e 3 - 37
§ - F A4 % B Block £ 3w > % FlushPage £42% - @ FAB %13 & ¢ &
T @i et €48 B~ T Fle Flush Page » 2 > -
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Hit Ratio with buffer size Hit Ratio with buffer size
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3 3
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B 4 13. Buffer 7 NB-#2 Ubuntu-trace /& 2 »%it 4 3
(a). & NB trace ™ hit ratio (b). & Ubuntu.trace ™ & hit ratio(c). & NB trace ™ 7 flushed pages (d). &

Ubuntu trace = flushed pages.

# % Buffer ché & 1 k5 > LRU-Page & 7 # % <0 Hit Ratio £ & > 2 Flush
Page» ¥ 4 ME FhBuffer> Ra % ir w1 2R RE DR » XF Y
Flphes FTLGRAE » Pl F % & FTL e chi Ry €405 7 "o

%] 14 &_ Multimedia(MM) 2 1Ometer = % #& Buffer ch2 .01z & Workload
SPE Y R B T35 0 4ol 14 () ~ (D)#F 0 d 0B~ enFRLF ¢ £ 4% Update 0 F]
¢+ Buffer Hit Ratio »+ 7 ¢ % ¥ Buffersize m 7 #74& = > Buffer # £ 5»c% 7 iz o
% I Buffer {etend iz £ 8 > 4e® 14 (c) ~ (d) » 5 ARA ¢ %] RAM size
Hbe o 3 RMW enfs § 0 5100 8~ chfpt 5 o
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Hit Ratio with buffer size Hit Ratio with buffer size
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B % 14. Buffer . Multimedia-<2-1Ometer trace = 2_»xiy % I
(@). & MM trace ™ hit ratio (b). & IOmeter trace ™ = hit ratio.(c). & MM trace ™ & flushed pages (d).

& 10meter trace-F-1flushed pages.

ERER RS LOEET ST o Buffer 37 g g Er > AR T T 2
d FTL &2 o F)pt Aiza B Workload = » FTL & Mapping Scheme ¥t 3z iy 0§’
B4R o

5.3 Performance of ARA Algorithm
53 /J~ o IFB j&.é‘ E‘!:,%g; * ARA *~ i m}:% _‘E[@_z\ ’7]~ Fﬁ ’/‘ o

¥ ARA 3 hip LS ] > - s Jffr ARA ,3,3, pE Ei? T ;fgjg fie e
Workload e+ » 1 2 ARA fizfd Workload T i = e 582 £ 30 -

5.3.1 Evaluation with different trace

B 15 5 % #8 Buffer &2 2 48 FTL 5 e 2 & > “igw i Workload ™ chsse &
I # i 2 Block Erase Count 3k i i B #8235 15 m:}F 1 o ARA 77 ez B
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75 o W49 P i 3 FF Buffer &2 Mapping Table 7% ik 4 fe > 7 [Ometer &2
MM iz #g Buffer »c% % 357 Workload = - ¢ %’ﬁ;ﬁ“ Buffer ehz & > 24 & FTL 1
AB:1T PL mapping =178 1 B8 2cac » 22 PL mapping #f i o @ - A Fl 7 &
T 7 NB £ Ubuntu workload ® »ARA » it 4R % 3L 3 Fm & fie RAM size % Buffer
BFTL & % > Tt B TR L grEenfR T > ARA dday & IR %%?-F—! s

FEEE o

o 105 Performance with different workload
2 T T T T
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0 l
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@ NB ¥ Ubuntu trace ® <> g * % JL 5 4+ e Page Buffer(LRU-Page)pz + PL

mapping Fom R ohEand 0 e 2075 Page Buffer 2 3 524 PL mapping
i & PLmapping cnf A4 #0R & > € 34 GC f # -

¥ *h £ |Ometer siatrace T ¥ P BLELER D sy ok H A5 27 Buffer & B
@ R FTL 84 % 4 4 > d 3% 10meter £ 54835 P~chi7 5 > F]p* BAST ¢ % 2
B & 0 Log block thrashing - Log Block i #* 5 i< » F]ptsxip &£ o @ FAST R 7]
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el g;"’Fm >R vtz B L 3 % & 4o Full Merge £ ¢F f R aods (E > F
#t & IOmeter = PL mapping st & Bk iE o

\

5.3.2 Overhead Analysis
ARA £ 5 # "% f’}%?i& e B ehac 4 > 4p ¥+ & Resolution switch p¥ e Jf -k
TR RIS T % o )I*KSZL =1 Overhead > B 16 ¥_ ARA &7 & RAM size
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5.3.3 Table size domination

FARBERETRE T Mo FEMoTa c RE AR > HTR
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5.4 RAM Size
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Block Erase Count
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«1o° Block Erase Count with spare size
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