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Abstract

MRAM(Magnetic Random Access Memory) is an emerging technology in recent years
with non-volatile characteristic and access speedscomparable to DRAM(Dynamic Random
Access Memory). It is generally believed that MRAM may completely replace DRAM and
begin mass production in the short-term, Traditional buffer cache design is based on volatile
memory, so after MRAM completely.replace DRAM .as system main memory, we can only
take advantage of delaying write to improve’system performance.

Therefore we purpose a MRAM-based buffer cache considering that not only exploit
non-volatile characteristic to propagate new data to disk, but also exploit non-volatile system
main memory to further improve 1/O efficiency. In MRAM-based buffer cache architecture,
we purpose two main policy:(1) Adding ramfs filesystem between VFS and general filesystem.
The main purpose is to store files temporarily ,so0 we can delay the time to allocate file to its
original filesystem until file size is more certain to avoid file fragmentation. (2) Purpose a
writeback algorithm, considering file spatial locality, to flush continuous and near blocks

together to reduce writeback time.



e

FARBA R o R R R A E AR R ET 545 0

At
mgﬂ;{&ﬁ};’;%@ ° A;,»—;;F_‘ﬁpfg? s %Fﬁﬁff.u mjﬁggki,ﬁ_mp;z @}i_ﬁp;z IR E gg;»h
FA5 o AEBRHIDE R FE L LT uEiR U R G ol adh o 4 R

Azy 4 R B BRI F G o

i
ﬁ»%é#&t“%@i’%:f@f“%‘té FIRA R RGN REHRE 2 2P0l ES

e

-jv-



B L B 0 /1 ottt et b bRttt ettt r s 1
I e TSP PP PR PRSPPI 1

O A L L 2 F TSR 2

L ¥ e 3

£ D o Y OO 4
7 T TS 4

2.2, MZEATE M ZBBA S BT R s 4

2.3, ZATF MR 1T 5 BBoiTl K SLATRL i e 5

2.4, AT TN it 5

B 3 K3 T 1T et ars 7
3.1, TEMPOIArY-TAMES ...eiiiiiiiiteie ettt nre s 7
3.1.1. R P 1 e g IS .. 7

3.1.2. Temporary RaMFS Z8 e b lidy s 10

3.1.3.  Temporary RamfS B 1T ..l il 11

3.2, WASL FALE B f B 72 . immmmmmmmsmmmme st 13
3.2.1. R D 1 e T e R e 13

3.2.2. Z0NE-DASEA [ B /2 2K 3 s 14

3.2.3. ZONE-DASEU JF B 2 8 1T ittt ettt 15

3.2.4, Segment-based & B /2 2K 3 e 17

3.2.5. Segment-based I & 2 F 1T . 18

3.2.6.  Hybrid Segment/Zone iF & /2 335 i 20

3.2.7.  Hybrid Segment/Zone % & 2 F 1% oo 21

B A E T R bbb 24
AL I BRTRBD oot R bt e bttt e 24
4.2. Temporary RAMFS f ... 25
43, H = % 0 18§ Y e 26
A4, 2 ZRF DL T EE o) 27
4.4.1. é;’fi‘{ﬁ LINUX % 1 B 408 e 27

4.4.2. POSTMATIK ... s 28

4421, Pl AIFRE F GIBTRL ci s 29



4422, X AIAEE F ETAD cii s
A5, T B 2K T EFIBAL teoeeeeeeeeeeeeeeeeeeeeeeeeeee e e e et et et e e et et ee e et et et et et et ee ettt enaneeens
451 B BBAE ] e
45.2 Ao ) 11 Tx £ R L OO
= SRS SSSSSO




Figure 3.1 BIOCK AHOCALION .......cviiiieiicie ettt 9
Figure 3.2 Architecture of the Temporary RaAMTS..........cccooiiiiiiiiiiiic e, 10
Figure 3.3 Transformation SEEP .......vcciiieiieii et sreenre e 11
Figure 3.4 Zone INformation TabIe...........coveiiiiicc e 14
Figure 3.5 Pseudo Code of Zone-based AIGOrthm ..., 16
Figure 3.6 SEgMENt AESCIIPIOIS .....ciiiiieeiecie ettt e e ae e reeneeeneenres 17
Figure 3.7 Pseudo Code of Segment-based AIGOrithm............c.ccoeviiie i 19
Figure 3.8 Segment/Zone information table............cccooiiiiiiiiiic 20
Figure 3.9 Zone with Different Average Segment Length .........cccccvevviieieeienie v 21
Figure 3.10 Pseudo Code of Segment/Zone Algorithm...........cccooveviiiiiicie e 23
Figure 4.1 Overhead of the Temporary RamMFS............ccoooiiiiiiiii e 25
Figure 4.2 Bonnie++ benchmark, with 1-GbByte Fil€s.............cccoovvieiviiiieecc e 26
Figure 4.3 Time to Untar LinuxX Kernel 2:6: 22, ..t ot 27
Figure 4.4 Execution Time on Postmark Benchmark with Different Simultaneous Files ....... 29
Figure 4.5 Ratios of Files Deleted in Temparary-RamFS ...........c.ccccoviveieiieiieeie e 31
Figure 4.6 Average File DIStANCE ... 0 iiisee e e cciciieatie e seese e s e steesee s e sreesre e sreesaesneesres 31
Figure 4.7 Postmark Benchmark: Hybrid Method ..., 32
Figure 4.8 Execution Time on Postmark Benchmark with Large-scale Files ..........c...ccccen... 33
Figure 4.9 Temporary Ramfs Improvement on Different Memory Sizes .........c.cccceceviveieennnne 34
Figure 4.10 Segment/Zone Algorithm Improvement on Different Memory Sizes................... 34

Figure 4.11 Measure the Rate of File Deleted in Temporary Ramfs with 1GByte Memory....35

Figure 4.12 Performance of Different Zone Size ...........cccevieiiiiici e 37

- Vii -



i
s
=
_‘,‘7.

1.1, # 4

FeJ2 R g B ik B F Moore’s Law # 18 i * ,Thr;\-{— = e Bk Fuskay chs £ e
AL TR RERRE DO 2 F o AR F I o BEES T hF R % Lﬁ;%%l_@ﬁ;
(transfer rate) 4 *F » i & &30 43 F- Aok B 5 DR ST F P I (seek time) 1 2
PR AF B TR T i ¥ ehpF A (Rotation delay) AT o - F ey = I 7 N <Y
PP RSB AR R A oS a T M 1O HT R chp F[8][24] - b4 ext2
Fhk ks ae 23F 5 block groups 0 v ¥ R AR B & ik R ARl F AR
PEER O P AR REETFE § R T R P T Sk Rkl AT
block group + 14 4cig 7% B~ & o PROFS[24]R] 41 * g2 ' ] @ i B fbochi it > E 3
R W T PO, ok Rt B SRR AR T B R A G g el R

AOE O AR kA PRyt aath R MBS E CPU i B hE R A Rt 2
T L% ep-B~(buffer cache) o % @ P-Bx > AEF 1Y TR A ERBFHR AL A
il E BT R TR e R TR GG T R SRS
1/0[7][12] -

@ Buffer Cache UL FRFPamna th o & T OURG B TR R o B
Beif T AL G s h Y o BT »@;;iﬁvf.%ﬁb‘(delayed write) » 12 3Rt
ERMF SR PR FTRFANE CERT LEE - B RSB B Rl ® o AL

flr BBy - I REAEFTHEBR BT BE /0 #A[2] - @ - &k Buffer
Cache it 43 21 U'Tﬁ’f“"’ » FIR TR R 0 S A TR FITRY ¥ra
gL o kv g e i@ TR v R

O E LA B AR S R F AT xﬂﬂ%ﬁ%ﬁ@ﬁﬁ%ﬁ?ﬁ
1 3 P e Bt (FeRAM, Ferro electric RAM) - F N RT3 P~ R 48 (MRAM,
Magnetoresistive RAM) ~ 4p % it 2 & 48 (OUM, Ovonics Unified Memory) & #4p %5 £ [4] -
TR RS ARG AR % el g BRI 0 DRAM A ne it e A H Y 1 g
S FRMMRAM) AR %8R Ak F 4 R L RE T AREAY BT &
FEA SO FIPLE 73 A 218 0 kA Rt MRAM #7B~ (& » 4 e 7 J4-p
7 . Buffer Cache @ ehF L4 & persistent » :&m 2t £ T4 B v g > W B 2Ta o

x,ért przothy 3 3F S AT a2 2T e R ok % kAL B4 Conquest[23]

-1-



~ HeRMES[17] ~ MRAMFS[5] % % .. Apsitd% 1) o Be 2R B AT 7 105 2 3 4h &l sk
¥ a P (T metadata 4 E ] R E)RE AHEF PR Y RS 1O G Bk
#oo &A1 ff 1t metadata S 2 BREF TR 0 TR AT SR B AL
B bEHWT 7702 o Fl 7 7 [6]4p ) > metadata < M R BALE L AAF £
1% - 12 60GB et % & Sv i &) » Tfr}ci 2 & 600MB ezl g Bk 2 B3 d
metadata - x KT % penig * Jz:}%;% BHEH A TR R DR B REFF R A -

EARTN LN S Hgood i metadata m‘*f?ﬁi"‘ RS E 2R A W E & 3R e CPU

EAE > » AR RS 2 o

12 3\ IFB ﬁ"ﬁ?/z:

LBInE#me P o AR - e A ZbiraE M d s+ o Buffer Cache Model -

FENUE B OT AT Ae R Y PR A MMk > X2 R

pal
<
\

=k{

w4

THhE FBRT )’j-.%? A P 2R S SRR T

2 #p3% 3+ e0 Buffer Cache Model #-B ozt @ chFRAR 5 persistent » I 4335 2
B h ke s rd A ke LT hBuffer Cache - % - 0 2 At @RS ki
hierarchy » 4 % 2 = pr = % 3 H DB E AL S 5 Sand (v > 2 P Ak 546 % 4 S (VFS)frid

Spb j 0 o K ramfs b oA o SAGEC Temporary-ramfs o 11 % ATE = sk

o F Lt A prrd ¢ Edl § HETEF 23] - BETEL TS D
Rl AP R E AR R ORF ARG ERAROT R R AR T FE
U AR BB EB R e $ o 0 AP TR T ARG R ARBEY X AR
Br e d T RELnE s FPrAPBR AR E LI CBRTREYRBESTE

%o&&ﬁﬁéﬂ’ﬂW%@#%&@ﬁiﬁﬁﬁ&ﬁ’éﬁﬁ—ﬁ%?%ﬁ?ﬂﬁ{
BARIT P i 2t AR AT R 0 B v pRAT R 0 seek time fr rotation delay > £t i
$L o 72 WASL(Write According to Spatlal Locality) -

aﬂWﬁ&ﬁﬁﬁﬁﬁ%kﬁ%44f@ﬁﬁﬁmﬁ% Boeggdaf i R
M TTad (T e 5 H B Fd - Bl EESEEE[9] e A A ey B R R A
H iz

B AR R 2 oo e R Y E 7R B 5 2 4F spatial locality shF L > B K-
IRFERERRE > BRSEREEL FD{FOEE o

13\

FI3T- A% KA o 2 A APRL AR eRBOEY S N Ry Lk
PBF IR B B s R AL II}E‘F L
EEFRT LR BRI 4 T g

2 i a0 Buffer Cache Model %

2

Aoy > TR Tt E lr*ﬁﬁ’rﬂgbﬂmé
4 RT- ARG ARG e AR s B el ag .
" A& Linux2.6.12 }+ o d 3t & 2~ MRAM » #711



A g * 3B R MRAM 4pi7e0 DRAMI3] o 1245 F % % % & ot > Temporary-ramfs
BRJLEERF S AR R MG B ERT o T ot R h R < K 10%~200%¢ )k S
say o I eciggg % fragmentation (I % o @ A AN E - % fura 0 workload T oo d
PR G R AL PG 5% T gk 4k o @ WASL RIFR4E 2 I e workload 1 ¥ 2
38 5% ~ 30%crraa 0 ffh R 1[%@:{ R T L IRARGF > A R Fd N HWEE O A
MR GEERBTRFT RGN E AL IR S ANF RS LF D A AT
IR 0 A ERE TRA DRSO PR o

13. %% %4

AT hERACT RS SR o AP AR R I T H MR o
% = % 1 % MRAM-based Buffer Cache Model ek 3+ 229 7> B & 314 B 1 & a4
Temporary-ramfs 2 2 WSAL B w752 - e xR EFHREDEE o s I F

4 2L 2
A3 51“3“3{1\7 o



F) % 2 P e M A AT T A A T A S A 6

A s+ & Ren Ohmura % 4 [19]# NVRAM L4048 chi it o % &k sew 2 G o
# 14 &1 5 B > Device State Recovery %7 fi V3EAT A 2T e R K e dr T
CPU ¢ device 2 PR et & o # TR PI2g 8 end 9P > L g £ L esrt
R AT REFHE PR IILF SRE

22. AT FE M RM ARG LR

d ¢ flash @ % MUK £ B 2400 (o Tt 9% 5 & L flash memory #7335 ehgg &
i Kudp M EE 11 o BildeiEnvy[26] ~JIFRS2i4% % & i[25] ~ Microsoft Flash #% % & 3L[15]...
%% oflash et ¥ 3 78" LH% - » 95 8- B block 2. % < Jf L erase » % = >
flash block & 3 B » =t #ic* 4| o 5 F3perdt¥ FLASH #r3k3tanfh & sl F € 1
non-in-place update 7= 3% :& {7 341 B v ¥ 41| * even wearing 4L jiié flash + & i block
A B~ Pt Bidp 1T [14] -

Envy 5 7 L iE- H 4 BB » cpF > Envy[26]41] * — -] #. Battery-backed SRAM &
% write buffer » & @ * copy-on-write e > & F B ~ & RKpF > #-flash F TR
5 SRAM * > & SRAM  #ig:z» %3 SRAM % /%7 » £ #-F 8 B v Flash
memory -

“f 7 flash £ Ad)z ¢ s d 3 p o flash ez £ w22 SR BAPHRT % > 7
PUAF WA AR ] Ak Sl A e Alan R kG Tk flash s sy L 5 T
F s i 53 A 4 ¥ metadata 14 2 data R g+ bl4e JFFS2 FhEx ks

MRAM % T3 B AT g oopE 35 flash ko enpoig b, MRAM » 72 £ 5 flash 59002
Flo Bk > BB - K MRAM =foti» 2 & L erase’ ¥ ¥ MRAM ~ 13 B » =
P4 0k 48 0 ] non-in-place update £2 even wearing # i * & MRAM } T & 4% fiw o

taM



2.3, FATH 2B (T 5 PBorc Xk Bk

v,éf T E R AR AR L > NVRAM BB et i T i write
buffer[10][11] [18] - # Pt & 8 4% NVRAM 2404 e at £ T8 v iph ¥ o
1992 # % R 4c ' ~ & Berkeley 4~ & Mary Baker & 4 c#7 7 ¢ [1]> 3% 2140 % 1% NVRAM
s B write buffer » - S RT ¥ &
P ,;Bwtgiﬁmﬁj, - B RSBV EE &) 90%[2] °
L 7 [10]41* & &% F e 2 > 1§ least recently used(LRU) ~ shortest access
time first(STF) ~ largest segment per track(LST)< g 32 22403 {2 < write buffer » 34 7
SRR ko B XM & 5 £ 9 write buffer )’j-.%? MR X ey o B

£ 10-25% =g 3-8 ~ 11 1/O request » & 4

Foo s L BB R Suamian o

m 5 [11];1 F# LI M e Rl 44 RAIDS iveicd > %5 8228 RAIDS #% &7
FTRMET Y LA UG EE R o Ra o 1395 RAIDS chgF s & - Sy~ &
7 & 4 7 "read-modify-write” h# 1T > J % =3 w X R Eh B Fet RAIDS &f -
BB r &8 RenfRT > ZREBEROGIFEF OER AN €7 EF TR Fptap
BEFT g WA 2R 4 2o B R 5 RAIDS <5 write buffer » 2 B » presii o

@ % ¥ MRAM Hjisen 4783 W MRAM &0% £ 4-¢ F§ L > ¥ 1 %5 7 i o
B2 e DRAM = 5k siena e #8[3]e @ g huffercache % 5 2H4E g M2 {6 » AP in v

f1#* + it non-volatile write buffer =njke, 2 £ i3 ¥<iE «f, % 75 2% & buffer cache ps ¥ »

sl

5

TAF A e E AR R v npF R BB & vy o @ FR 8 5L non-volatile write
buffer 7 F 2_ & f** non-volatile buffer cache ¥ 1 % 0 { % enFad e B @ > Flpt AP
FRE BRI AE D R R AV MR L Aika o B B A 5 { e iR NVRAM F £ ¥
K ey Do AP AR Y K R 2 el R Lo B & Temporary-Ramfs o

th % & st fragmentation 025 » R 00 3B - 9 B K Sty o

2.4, Fr— AR A

d SR R S AL L Bije Motorola ~ IBM... % % ¢ B 4nffi &4~ MRAM 4p B 3
#ET g > % 17 MRAM g B4 3 $renif o B 0 FF ST T R NAT- R A
ERRIRE S S RN

® Pure NVRAM file system

® Hybrid Disk/NVRAM file system

% — #g < Pure NVRAM file system » &]4c:MRAMFS[S]#-#7 5 3 322 » 2485

-5-



R o B R e A P LA RO F R R en R s Bl I BRagah R
PR AT 2 B @ d 3t metadata 3 et - ST AL RE TR 0 Ft i P
1>+ metadata £7 data block 27 & mfi 47 ;2 o & metadata > & f&‘ﬁ'ﬁ? &8 60%
b B - ol fhEa D 0 AT &4 K 40%~60%0 s B oo

% = #g < Hybrid Disk/RAM file system > § i} 4c ' < & Santa Cruz 4 {& Storage
Systems Research Center 7 HeRMES #§ & % 3L[17]2 % 4c ' <= & Los Angeles 4 t&&n
Conquest #5 % i $t[5] - HERMES %15 % g I - A ® & Soehig B B ARG P11 2 B
s e B % o metadata o H 0  Z BRE{IERA 0 E o B - o I BRapa L0
metadata .fsé—f]&:rfﬁ % 0 40 metadata 7k g B 0 B @ Rk K ALY A7 o metadata 3%
TR AP U SR R K AL B o B 2 B2T g e 1T 5 write buffer uf £
Br et BERRE 3RS0 = 0 f1* MRAM i R B AT RO FEY -
PlArRE s EF BAR R BT e % B blocks - F)M AP E B R TR EF S A
Bl TR T AR TR bseek ede 1T o Ar B F B Rk RBPER o

Conquest #% % % L2 HeRMES 2 2 MRAMFS % [ =g & #3% Conquest & = %A i
Kok S o A2 e AR e BN BORE Se ir g e i %k 04 2 metadata ?’K*z

Ere R e A RPN AR R R AR 5 DL G IR & T e B 0

~m

L AR 2 e R Y g ks PO IR T B R TR D e o 0 o
WY WG S ALk TV R Mg fragmentation oA 0 Bl T A R R RER

gt 7)) o
TS SRR kMG A8 A R ehat Bhe ¥ - > 1995182 7 ¢ [6]% % B+ - Metadata
HiAhE AR L% MEF @ Y F bl R E PR e > metadata #f ik 607 B H-3E 5
de o Wit RIS h DRAM el % B 7 ik Mk f e t’L’r’ﬁ 1 metadata % iz 1B
?oo & - o R metadata B kAP EF AR R Pah TR B R 24405 e metadata
B ARG P Fp Aok 97 chmetadata 353 8 A e R Y o #&g R
i1

b f p Bedhmetadata o i R AR TR o TPt 0 A RN B HuT Y 0 AP LA S

“r

hARF - Rl B k2 E metadata & B % A A ok o A AR S - A Buffer
Cache i #f % enf-Br > H-35 % 75 B~e metadata/data & >t buffer cache » - pF > I #
Temporary Ramfs % f#7: = cigh % > at BAE R A eI A% Sap Rl BAE S i 4

W B r A LB 0 N2 ARTHRE T IEEREY BTN 2 B
spatial locality > & w A%iT ® i S enFop > deid Bw A F GpERF o



>
»
w
Sl
-3‘.:%
-y
\_.
1%
g
p

hig— & ¢ o AP -4 % MRAM-based Buffer Cache 73k 2+ 14 2 9 i - MRAM-based
Buffer Cache i & e p enf % 3 v 53 1% 24T e B endd 10 38 1/0 »in o BRI S
Buffer Cache 7 ey = A3t HiE 230 - BA B aniEk 2 T - kdiehirit
g e -

Fiw 2ATF MRS NPT RS AR DEEOT Y ARl p R
LR o m 2 ZERECTHRILT EFLTRY TR A > FPAPRN T A BAR
s 4] &k :xig 7 4 Buffer Cache:

(1) = VFS fr— Sghdk i Sz B 4e 2 — & ramfs % k52> A P42 2 Temporary
ramfse # 1 & ehp G FPFRE G ATE R MBI LAREE L ek ki
PR PG REEAE S ] R EF A Fe o ME L 4h S fragmentation A5 T R b
2 & & e ]/O -

(2) WASL TR Bw f8 2 B parcl s S E T REvr sz &
> g B &R wihblock - AP R 5 R RGd T RURT TR -

B hde T S B AR R e
w3l&¢ A g kg Temporary-ramfs > m 4% ¥ & 3.2 & ¢ 2% i gk 1)« WASL

%wzﬁ /~°

3.1. Temporary-ramfs

- & ¢ A P-4 %2 MRAM-based Buffer Cache =% — & 44| Temporary-ramfs >
3.1.1 ¢ @k Temporary-ramfs e p 2 H o0 kendd e @ & 312 & ¢ 4 %

F_*

Temporary-ramfs ch7E 4 » @ F (702 ZF R & 313 & ¢ # if -

;’gvﬂ F1* Temporary ramfs ¥ 12 & 3| T 7] 047 jeu

1. " #% % v fragmentation
Wb % k% > fragmentation e 2 3 & Fd 307 rnRTH{LZE B Mf’}%%‘ i3
v AT 2 fhk o ¥ F HhE et g



FREE A M A ATHOTREZRE AR DFAR2ZE > 4 £ fragmentation °
A 4] % Temporary ramfs a8 & o el — SRR AR > - 2 o T LR S X
SLE YR R A s B allocate 12 2 de-allocate R b B AP T OF 3 B
fragmentation > — 2 G » PRI E I RIETSE ARMHEETIE CEAEET
AR L Sl o
72 Figure 3.1 (@) 5 b » 2 henZEHET o B R T F Bl - B P BT ATH O = BAR
S FL-F2 F3: fh%k kit g ARaliT o gt 2 BE ) = BAh S » B2 (8854 F1 -
F2~F3ehx | > RIRTH AT RH € Ao . F3 Tl w2 16 » T & SR D
fragmentation - & & | * Temporary RAMFS - 4 Figure 3.1 (b) » ¢ #-k7& = e F1 ~ F2 »
F3 3 tramfs %k ki ie? » @ 2 (S ek /] 112 wljﬂ,ﬁ; F2 enid fv—“’rs{i‘i ramfs ¥
A FPAPCFERFER T DB 4 8+ FL 2 3B kS R AT A
AR T A RBEISIE I A E s - 2R APET U SRR h B
iiﬁg%‘ﬁ;w“% fhE F2 BE ARz ESME F2 SRl R FEHT Y 7 h
fragmentatione ¥ — > & > » EFL W2 F3EFIfhEx AT ML - AR I BT
VAR I Rkl A

2. BS A2 E a0
jO s 5 % [20][220[27]70 e NEnAEh AL ® T K 2 (33 4 T gk
",‘TT - LR ARS LABE R R T E R - B (T b4l i2 s 4 R o0 bitmap

R B H AT AP BT b~ B 43T P (directory entry)... ® B cds (T o gt B IFRG T A
FERMPESL DT Ft AR & Temporary ramfs » $3T 7R AR 3TH 16 (5
7 A 9 e Temporary ramfs ¢ 424 | fm;]rgjfs ol A s TR AR A F)

P 7 -g /’Fi'JI?«’LH— t A‘}' '%B"ZL fq m éﬁ-ﬂ@@ﬁ_ 1/O -



________ . Flow after add ramfs

|:> Original Flow

User’s Operation Temporary RAMFS
1Create F1-F2- F3 N _ F3
R S
’ b I
2Append F1 > F2 > F3 |Allocate on ramfs ,
3 Delete F2 i TP I [
I’ SOBDE

s allocate to disk I

v TI’QJ’]Sf m
Create F1,F2,F3 " Append F1,F2,F3 AN et
FLI RS P FL B2 FS | RLIFL RS P
e e el
Delete F2
(a) Original Disk Layout (b),Disk Layout with Temporary ramfs

Figure 3.1 Block Allocation

3. #p
d »* Temporary ramfs £3c % & VES fr— S&FH R G SL2 [ > #ru gt ig » _«k %2
T3 % &g ik 4 Temporary ramfs B8 ¢ S A fed h A RB R % s;; T
jﬂz WA EAP R 0> 24 B4k o a $T A% & Lk Temporary ramfs ] 278 4 &
H

2ok o Tt ARk ke 2 g oy o TN 3B A FI}]‘JD? r A * 3] Temporary
ramfs #77% % 3 e o



4
General Filesystem Operation

y

VES
Create \ 4
Read / Write
Ramfs ||« >
Transform | Transform
|ImT T ST mmTTTT
v v
ext2 VFAT

Page Cache

Figure 3.2 Architecture of the Temporary Ramfs

3.1.2. Temporary Ramfs 7 4

BRG R AR o g R FATH - BARFR > §LEE VFS itk
w0 & VFS P - B ed®2 %% o 82 2 VFS & oinode & %ﬁﬁl%’*i‘{@
e 2 g 0 L SR e R KT S 0 A2 H metadata 0 ALt /w\ﬁic
Z R om AP x> 4o Figure 3.2 #7r » & VFS fo— B4k kAP 4o x 7 - £ ramfs
Fh ke AT ATIE 2 AR R g ApE = horamfs Ak kb o d ot ramfs £ S
IR R AR TR TR ALY G T HBEPRETF 4 L SHN

Temporary-ramfs + & 5 &2 B 55 § ,%g d Temporary-ramfs 4 % % *i3% & crroperation &
7B~ 0 @ § 2k Temporary-ramfs s & v B_ik BB E2 1 LA I c7 B 5N (E 5 B o

AR AR AP A VRS 27 0 F Ak AR 2 R

B A
=R

Benfhk e ® o DEBERF DL BB R FX T g hE LRl b

-10 -



Temporary Ramfs # 7= g« Jn B eigh % % suv o

- A B RM RR KA G E R RS TR R T A6 g

BB eh TR o d N FRBAD R T L A RS- R R FABRTREY
R A AR E 2 B oo 2RA d 3 & Temporary-ramfs A2 enF L A gk b 1L
TP R o Fp A g B4 Temporary-ramfs p LB w L v dcH F R F

POV AR R R E R F A UTATH{ AR > Temporary-ramfs ALk . 47 ETH < 0 7 A

A 2

& 5e T 2% % Temporary-ramfs snF s & 7 v jcz e -

L5073k SLa v 53 8% Temporary-ramfs AR FELAF ik ey B o AP JE Bk S
T & fTio BAE P o - Temporary-ramfs A 4 (2 4k 5 B RO e v oor A ekl %k s
Ao EARY R AAEAREBEIRLURAE AP TTRSE TR Yy

oo

3.1.3. Temporary Ramfs § it

(A)Create  FS

—— (B)Copy dnode}| QXFZ.. _—
4

(C)AIIocate Block

Figure 3.3 Transformation Step
% Temporary-ramfs 3 €+ » 2] * R & Linux }+ =7 ramfs(Resizable simple ram
filesystem) o ramfs s R s 383 A ¥ cdh % kb H B9 R R T AR & Page
Cache # - @ # % ¢ metadata P|E_f]* VFS Kk eh3 L% ﬁf_z\ = H ¥ 2 B g ek e
fs-dependent :HF q‘»';&—ﬁ.t °

:l

-11 -



e

A0 RATF AT 2 kIR 2 horamfs Ak kALY o N PRER R BN R L Suen
create & 3% o 3k et e ramfs #ri% e create Ji5t > FIRATA A afh S b ks Ak

ARG B ramfs cfh gk o @ 1T H AR R g B | ’r;"rsggﬁgm i% 8 ramfs #13% &

Y

1% 3¢ file operations & % = o

@ % Temporary-ramfs 32 #7i¢
AP WIER I FonFRY ughramfs ¥ oo @ R § R LR
A g7 & MR ramfs chx o] o XA § - BALR *Eh o) A2 - Z_ehthreshold g » 3¢
W%gigﬁ%ﬂﬁﬁ?&iﬁ%%}%°ﬂ F1E_F] ﬁ%ﬁipu&f,asgé
AR TGP A SRl bR o R PR Hh % fragmentatlon LE IR ] A
H oo FP Mk el % o BTRFIRY & Temporary-ramfs i 7 ¢ {7 3 o @ FATAR A
difhk o FIE TR EA& 5 & transform pFL F R L X f S FPAPITE- B
threshold( P # 5 1MB) & 5 4% 4% & cnik g5 o

o IR R v R d AT E P B % & Temporary-ramfs
Arib ey B o Fpt Ao Rl K pF > AP E & g4k onds (7 525 & Temporary-ramfs
Aeph LI R R afh g AL B o a g Rt 2 B kA€ wk AR pdflush 4%
TR B R T AL v AR FE AP G pdflush ¢ #& & Temporary-ramfs 42 §_
23 FAEF 0 R P ¢ s h Temporary-ramfs 42 gk R @4k v BB G ks
TR T RERE R Ry ERT Bicde R -

M op g pE s P Akl svsuper block A e dE - AR P F| o gt B SR
Bt e AhE ke R 08 e ko ¥R LRU #5) » @ 1995 LRU 28 73E 1 A 2
MFP iR A TH R ah (T F A AR A T SRAETY BT T
g AR Jﬁb’ﬂ“‘]“éﬁ °

Aok eiEAZA & ¢ 0 2 BB e Figure 3.3:

(A)p AP ghedeigi ki k2 2 fhRadst o SR A2
metadata > & linux ® T % #% % e inode -

(B)d ** R A& fghk vfs inode ALy = A A FE 2 PR~ HER R A
oo * F ID dpeink TR gt R R AT R B RT Lo Flpt APk
=47 @3k 372 > ehinode ¢ o

(C)rﬁ "0 inode “F o d hAR R AR Boramfs ik koA Bt R TR LG A
Bt g R Rl o Fr AR & ﬂf‘f”ﬁ%% Rie e B \(l
ext2_al|oc_b|ock) PR ) M S S L e Sha SRS S A R e ¥R o

ramfs 5 metadata 5 7% - -

PR B A e 50 A T R

¥
K
R
e
=
53

5 s
A (X~

> 4
I

h
I

-12-



3.2.WASL F# B wixh 2

Akt - B Y g spatial locality sh® wiF 5 E o H ¥
FEMER TRy BT AT -

B 3.2.1 &2 € 3P 295 spatial locality 2% 3% & /2 0P #& > 3.2.2 ¥ 4 %11 Zone
SAHATRIFE I o @ L Segment F AA T E 2R R F A 324 ¢ ko B
%326 ¢ 4 gdna By 2 & @ g Hybrid Segment/Zone (§ & £ o

BT AR i

u\

3.21. %3P

@ﬁu%ﬁ%ﬁ%ﬁ%ﬁiﬁ}&’;ﬁﬁﬁ?ﬁﬂﬁﬁﬁﬂiﬁﬁ%ﬁﬁ%’g
T 4 #-buffer cache p 2 :xiB cHF R B v B FIR S L SR oMl 5 2HTF R
AT B o~ R R, AL S persistent> Flpt 2 F & el AR LT G
- XFEFOARA v R BRE B v B AT AP ¥ o v}’wk;@ﬁpm? iR
FheRiY o AT B GEOTRBAR SRR E > F R UL F A A T EY
fere P LEREFHTRBT EEUARRErT {7 o

BFRB v & 7T mpr A Rt B A chseek time 4 2 rotation delay » F] ¢
+ 6 ToF i at b ehspatial locality s #% P BB e s iR L 3F 4% ARIT & SR e TR g B
1/O erviiy o i — MEBERFLF Y 2 8038 € BAF 0 1/0 & F4345 block #7 peniz ¥ &
RTEEF| R S BN IO TR P o e H PSRt e 2 3 - el B A s B
SRE AR R RRP W e S AR iFF Y n® 2 - B s K seek time 1 %
rotation delay SVER 0 T8 IR B R R A - TR N R i 4 4k (Starvation)
SRR o XA AN i RIS GRS B AR 2 o T hie R B g e
TR Tﬁ%?n‘iiﬁ%ﬁF chix g o EEAT A AT I PSR AES T
LI iFEs Y oy~ B A —'5’)’]&9 53 adFenlocalitys Flpt w0z 1B A RE B TR

-13-



3.2.2. Zone-based i ¥ i% % 3+
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3.2.3. Zone-based ;¥ & ;9§ iF
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/* Adding a page to the zone info. table */

add_to_zone( page ){
get page’s block number;
zone_number = page_block_number / pages_per_zone;
insert page into the page list of that zone;

increase the dirty page number of the zone by one;

(a)
/* Removing a page from the zone info. table */
remove_from_zone( page ) {
get page’s block number;
zone_number = page_block_number / pages_per_zone;
remove page from the page list of that zone;

decrease the dirty page numberiof the zone by one;

(b)
[* Zone-based writeback algorithm*/
writeback_zone( writeback_control wbc ){
select the zone with most dirty ‘pages;
writeback all the pages in the page list of the zone;
if (writeback_pages >= whc.nr_to_write)
finish;
else

writeback_zone( wbc ); /[ continue to writeback

(©)

Figure 3.5 Pseudo Code of Zone-based Algorithm
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3.2.4. Segment-based ¥ & i & 3+

Most Continuous Least Continuous

345 346 541
Length 1
Seg Head 100 Seg Head 66
Page List Y Page List

Segment descriptor

Figure 3.6 Segment descriptors

B0 6 (T h 4L P2 K% T PRzt 0 — T B T B
block e i¥ (3% pr fF £ % rotation delay) o BE#RHR ¥ — 4087 7 [16]4 1 » B2 5% e
BT E PR o B _seek time» 7 i F 273 B F 4 e locality 3| i - < AR PF o rotation
delay 782 & *"ZT* ¢ vt seek time 2 F8:E ke~ o Tt 509 *F M rotation delay o 2 i e
+5-"P BB VRFOTALREA  F AP AL FE Y o BB g

e AR S — B Segment s B w pF o 12 i greedy JF B 2 ch 5V JEATT f0 segments

PENE G B SR enA | ochsegment #UB w02 FE 14 rotation delay e

£ i%’i‘; E P AT AR SR enA B2 segment 5 H -8 =~ B global list
¥3t# - % Segment PeRE & 41* - 1 segment descriptor . aFH N F > _Figure 3.6
¢ ¥ g 2 & B segment descriptor 7 7 = B A & chff i » Length ~ Segment Head 2 %
Page List - Length # 7= #* segment 1z 3 4 J #c ~ Segment Head % 42" segment P &
% — i 4 7 chblock number > Page List B * % #-3%7 segment #7 & 7 ¥} < page §% P
ST

B0 B w AP T Y AP-anug D § g segments o 34 i 475 ch Segment ik BB &
BRGER o Fptd kg & Bwpr > AP R Segment 8 7|9 kRE R %A B

=

ik en Segment B woeds (T B D BB Tk een® 50k o

-17 -



3.2.5. Segment-based ¥ & 2 F iF
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/* Adding a page to segment descriptor */
add_to_segment( page ){
get page’s block number;
if (the blk is adjacent to other dirty blocks)
get the segment descriptor & merge segments if needed,;
S = the resulting segment descriptor;
else
S = create a new segment descriptor;
S.length++;
add the page to S.page_list; }
(@)
/* Removing a page from segment descriptor */
remove_page_from_segment( page ){
get page’s block number;
if (the blk is adjacent to-other dirty.blocks)
get the segment deseriptor & split segment if needed;
S = the resulting:segment-descriptor;
Else
get segment descriptor & delete it;
S.length--;
remove the page from S.page_list; }
(b)
/* Segment-based writeback algorithm*/
writeback segment(writeback_control whc){
select the segment with largest number of dirty pages;
traverse the page list of the segment to writeback all the pages;
if (writeback_pages >= wbc.nr_to_write)
finish;
else

writeback_segment( wbc ); }
(c)
Figure 3.7 Pseudo Code of Segment-based Algorithm
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3.2.6. Hybrid Segment/Zone i & ;2 3% 2+
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/* Adding a page to the zone info. table */
add_to_zone( page ){
get page’s block number;
zone_number = page_block_number / pages_per_zone;
zone_information_table[zone number].dirty_pages++;
if (a new segment is created for this page)
zone.segment++;

ASL = zone. dirty_pages / zone.segment

(a)
/* removing a page from the zone info. table */
remove_from_zone( page ){
get page’s block number;
zone_number = page_blocki number:/ pages_per_zone;
zone_information_table[zonenumber]. dirty pages --;

if (a segment is deleted because of the remavement of the page)

zone.segment--;

ASL = zone. dirty_pages//zone.segment

(b)
[* Segment-zone writeback algorithm*/
writeback _segment_zone(writeback_control whc){
select the zone with largest average segment length;
traverse segment list of the zone to writeback all segments;
traverse the segment’s page list to writeback all pages;
if (writeback_pages >= whbc.nr_to_write)
finish;
else

writeback _segment_zone( wbc);

(c)
Figure 3.10 Pseudo Code of Segment/Zone Algorithm
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Table 4.1 MRAM and DRAM Characteristic

Device Type MRAM DRAM
Characteristic Volatility No Yes
Erase Needed No No
Performance Access Time o0ns ~5ns
Read Time 50ns 50ns
Write Time o0ns 50ns
Operation Power Supply 1.8V 1.8-5vV
FEHRER

d 24 % § HMRAM P @ 15 & 2 B0 Fpt APy - L ehDRAM s o DRAM
2 MRAM 8 et fide Table 4.1 #757 < j€ 4 ¢ # 15 ) DRAM 7 2 MRAM K,% 7
FE LT Mgt > B S G Dl TR AR 7 o @ F S TR L4 Table 4.2 47

ppuu)

Table 4.2 Evaluation Environment

CPU AMD Athlon 64 3000+

ol i) Memory 512 MB
Disk Maxtor 80G 7200 RPM
(ON) Linux 2.6.12

b i} .
Benchmarks Postmark 1.5 & Bonnie++ 1.03a
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