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ABSTRACT

Recently, notebook computer has great improvement on its efficiency and battery life along
with the ever-changing technology. For example, the clock rate of CPU has dramatically increased
from 100MHz to 3800MHz since 1995, 40 times faster than ever. In addition, other components of
computer, such as Cache, display chip, Bus, Ram, Device interface, and so on also have
astonishing improvement. However, only the development of Hard Disk (HD) is behind schedule
no matter for the power consumption or using efficiency. Since 1995, it has only developed 2 to 3
times better than before.

During previous years, the technology readiness level of Flash Memory has become better
than HD in terms of efficiency and power consumption. Even its controversial prices have
substantially dropped with following the increasing level of technology readiness. Moreover, the
frequencies of repeated read & write have also improved for its service life which has already
reached the mark of over one million frequencies of repeated read & write. Thus, the use of Flash
has become an emerging star of storage device after these bottlenecks have been resolved.

Therefore, the target of this thesis tends to offer a solution which is able to use the natural
advantage of Flash and to mutually combine it with HD in order to make great improvement in

HD’s power consumption and using efficiency.
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$2% & 1%
2.1 Performance model(Flash memory card vs HD)

HD : Maxtor STM380815AS 8MB 7200RPM |
| Flash :Transcend SHDC class6, 4GB
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- Reading requests procedure

—

In reading recuests
procedure our algorithm
will decide where to read
data

Data swap procedure InData swap procedure
how and when to swap
between flash and hard
<hsek

Virtual Hard Disk (Our System) \
Block Driver
fit Flash Cur Hard disk
soltware driver algorithm driver
N

i_ _'_? |_3 h 4

5 1
Hardware L
L]
Flash memory .(J

W% 3 System structure of our thesis
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™3 32 Sampling i 4 i2

N\ FHypa o F a7k > AP UFE 2 8 P et R EA gama o A
7% R &R R R BT (i P g ) 0 TR AR
PP iolpile o FL AP R-€ 5 s BRI A AP SR IR A g FR
FTHIT G Ak efbm HXAPFREZLF AT mp] L8ge
T e } 2o Rl cnB 45 PR > F) LA e ?‘J'?‘in % & 7% (Sampling
algorlthm)ﬁéﬁ’ii#i‘éﬁ BRA - 2T 6 %53 BN FBEL AT
(feature extraction)% B~4&#f & 34 & (sampling-frequency adjustmen)

it -

321 %57

1!"‘

2_ & ¥7(feature extraction)

B AR TR A RBGE B e R ¢ 2L R F G 4

ﬁ%ﬁ?%}ﬁ&%x%ga TR PR T i LRGP R

e P73 BB ks R4

y ol nﬁ 2 lF'“Fl JEIES 1 Tk T g L TP A E AR

A TR B R e R R R A PR R R e AR
B FIHEL o

FEATE FTORE PR e R Y A P en g2 E s AP uCylinder 5 A&
AE BRARDFEEFL(BE 4) AprF ug ik - BHot period
%7 ¥ ~onCylinder# 4 2 7 ¥ 3§ BrehCylinder# ¢ 7 - TR
(5 £ o A4t Cylinders 5 = % > % — 8 2% 443 B~ enCylinders¥
(Area A) » % = sg ¥ 8 A Cylinder# (Area B) % = g #_7 ¥ 4 3 B~
Cylinder# (Area B) ; # i ez 8_F #-Area AFR A cnF LB E-P 28R
87 > Area Bd *iban#ic® 7 4~ & 5 @ Area Codle ¥l 5 AL Bt
w2 Lt s AL A R PRI o & 4o id g Rt Cylinder & 3t Area A? A
i ey B 0% B o1 a0y lindersit i Bk B B L g S AR F] LR
BAV R LA AR DT AR o

Yotk AE-Bs A B - B sector CERE P ARG Boeni® 6 ¥ 2 F 0 #1022 P 0u Cylinder
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g:}gﬁ);}&— TR AL AT LR
- & Hot period B+4s% B # % 1+ * B Cylinder 4% P~eh=x #k » & %52%-
%Zr}t‘,gﬁ’»m SRR EREL S RSB G REFEEE L

Cylinders > %% # i 3f T HEL-P e @i ¢ 0 Cylinders » i3 Eiﬁi
e Cylinders & 8% & 3 J& Threshing e85 » 4 -2 VP E & & #

e Cylinders °

£y

&

® b bl - B Hot period 2 BF > 3 % % Sl # wdp g i en® B

P H Cylmders AREP~(T L EARERE L > FPAPRG I U R - B
Hot period p # & 773 B~ {7 5 Kk & & B hot period s3f B~ {7 5 o iRzt
PP F 82 0 AT AR A2 R FER T - B hot period p i B (7
B0 JEH EFIRGEH T chp dho R RpiR Tk pF o g A 24 B (E
(Threshing) » A P #-4 3.4 &3tk ic B&RIE -

S1Sannal pesy

W# 4 Cylinders access status



3.2.2 B~ 47 ¥ 3 & (sampl ing-frequency adjustment)

®Cylinder## cn ¥ — B K 3L E > 0 pF A BR300 37 P e 0 R g - P8
F”%*" i 2 P2 d 3 AHot period¥ * Beylinderdt i B~enip & 42 R
P A - ko FIU G VAL ? kPR 4 4 R Cylinders migration®sm %
4o Fp AP T E - ﬁzfﬁa&fjfa—i THTAE - P R B8 D
ylinders#:g - g+ ¢ o 4ok - 5 BT EBEST 7 & ggzggs;u i 3E R
FLeffh ? o dod S g TR AR - e %W’x-g 3 faE o 7
doie il ES L A A PERRITE 2 Y - PR o

L

o S o I

BATPREDPEAFE G ABRTE E L EA P LTI o ¥ -
B2 %)% §_Cylinders ## =t #ic - § P~ P 4% £ > Cylinders #
e fes AXS ) PP A%cE > Cylinders #4 chX fies A& % o @
Cylinders 4@"‘»%% et HeAk 4 & Faxe AR L > & 2 Cylinders swap =% #c
AR N A EFAR o K- BHFRENEATTEER BT o F i AR
2o R )] Cylmders migration 4 ¢ 4% 5 - F]pt3F R Cylinders 4% % »
FIL BB Ty ARE o AT F S AR o F 23 F 4 AL o Fptd ik A B
VArP R enk e b g BT 0k Y 2 cylinder #4 fo
g AR E > € 3 4r Cylinder #.45 =t ficle € B 4o v @ 5 > PRRF P AL
€ R Cylinder BT EER DY Fodrmd BRETHEENPRE 2
EBL o TR LA K F Bh 2T A E REER > B Cylinders #.4% pF
e PF BT I0R R o AP LRl P2 F REEE AR
PR o

ANipaiE: Foy AP &A% N B Hot period v i L s N-1 -
N-2 i Hot period> &4-% # * &% N-2 ¥ Hot period p+#-B~ 4% i¥ # 57& -
# % N-1 B Hot period # B~ch 230 F RPFREF RS > A0 ¢ %% N B Hot
period B~k it #p %ﬁﬁﬁ*ﬁw‘ﬂ v k2 4% % N-1 B Hot period 3 B~ 2 3R
FRRPERSE T AP ¢35 N B Hot period shB-$ 1 8 3 40> 02 pL 5 de o

2 Cylinders migration:d *:% & Cylinder #3§ P~crps ¥ 87 — # > F| & f - B hot period ® 7# f ehp
L2 g Cylinders A& B~engt &7 it § § #7198 & > AP B %e R % 5 Cylinders migration

14



¥ b d 2t E-P 2 g 88 i0 Endurance B AE > SN i e f A I\a}% Cylinder s
BT BREEAEFPREY > AF D 24k oo vt

Bt o BRAPGFEZ > APY LR EaF kB
Cylinder ## 3| - e s E P8 o F1 2 NP R E 27 1Y
P2 2 cylinder #4% #icg @ P8 T fFRko v 5’;5\ P eE B
BRIEY S F L RBA AR RS EATIREY TN ¢
* Cylinder #4% =t #if 5 > E R P ’c'eﬁﬁ\zé ‘»(gt@ N B = B
P RSFR o Ao fRIE B AP RR 3.4 & 1T
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33 E/irdlimy iz (Lifetime control Algorithm)

d o e lp Al A 1 R mxw PR

#] F]p R AP Sampling wE EH ~ e 'f’éﬁ*"« 5 H-€ T K e

#* E oo ST R B ﬁ*’ﬁ fas 4] (throttling algor1thm)x€§ %

T Fv AL o BT AFORJE AP R OG » TG F i (R F
FRE AR ) o AT A PR B E A R S R e

A PEBRIF Y 2 Y 0 Beamian gk R REiEy » &
T w8 ~:iF g ENICR | méﬁ TE rj AR JR P ] NP e
Cylinder #4% = #ic o 2 P enf8 2 A& AP el chd < o B =v "W~
P8 B it g Bk T i quota SPBLA KA PR Al R E -
AfpchigE s AP FHE BT Y R 0 B o)k A PR AP
GAME AR Y B on £ BPeRMT ARG R EL K PR
7% 5 C B Cylinders » F]4* AccessTimeSonepay = K/(365 *n) » 3K & b2 &
it dxREE B ks Kd=x(HE =5 cylinder/* =) 2#%H 3% d
7 2 ## = #icQuuota_d = AccessTimesSgpe pay * d(* ) * C(cylinder i #)
ATIUIE A P Ay d 2 7 R gfiedf quota=Quuota_d —K.d o #-E X

Quota M PFRF Z vt KRB 4P m ¥ * quota o BFdrg iz B hot period

access FRF 2% d X PR Lt/ ] BFo i\,T% B AT ¥ g swap = ik
uota
quota_now=q xto
24
NPz 8 AR PE - XL TR S AZRBY 6B K

BTV OUES T BEE R 0 F R A e = Bcip B P (quota_now)
B3k % SLp e 8=t Bk i K now # K now &2 ¥ #4 = #ic quota_now
Wt 0 % K now -] ** quota_now Fl & BiXE D F B * i iR o
Flptow B E e ks i ra % resample period Mo A iE L F o F
K_now = ** quota_now > %] 5 © SAZEHA T HIFR 0 T E 2 A Ok
BRI -
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eam b R PP AL o Cylinder #4 ABcgax > > F 2 5B
ki 4xe > Cylinder ¥4 X #e g 4% 7 > F]pt 2w 5 »2dpd] Cylinder
T @w&ﬁrW}%@%%ﬁmoafa%ﬂﬁﬁﬁmmw%’
ﬁﬁ?uﬂﬁﬁﬁﬁw’Lm+%W%ﬁWm§NW$Tm&¢mwoa
AP hZ b dlFy 2R Tl A PraF 2 PR Apup
ek KT FEAR N PR
100000 =x » # 3 g Frengpie i 3 1000000 % 2= 5 o 12 AP R F %
(4.6 &) k5 & ’*'J 10 # enig * &0 PP sl angg B *241(% 100000

Z)FZEF AR B ehe TR AP i B 2 T 0 foek B e B8 Endurance #t
ey b i B o
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34 R IF# G IFE 2 %2 2 (Threshing avoidance
algorithm)

FAE L R F B R 0 IV LG s bk o AT g A4 -

%% & A I o R FIA A - 1 hot period PR #73 ¢hicylinders

BMBBRTHEF VL7 5 A PFiiswap B IR S AR &R T B

BT EEL 0 B - R g ROERLE ] BFEE RS

% cylinders M BFHEF L7 5 o % - AN, § A REEBHIEF R

+ e cylinders # 38 B~ =X e & AL R-FE Jo (R R AR A2 “# &0 cylinders 4p ES

F A pF o gtpE- Cylinders T M > $#3aFanERE 72 4 > L F &
£ VAR PRE ARSIT R L H 0 R oA R MRS o

APz d > APITE- B filter i ks AP XS A% H H#H
AL o e ST B ED RZAoR gt Qe A P E S Syap chpF
rzwgg;%?r; P A TR AP filter B mq‘r@;‘?ﬂil[& Cylinder ==t
BeAp A AT B E > A A #iea B Cylinder 1723 o 483 o 840
© AT ng

T_read_hd: time of read hard disk / once

T_read_flash: time of read flash memory card / once

T_swap: time of swap / once

N: number of read times:
E AT

Total read time (hd , flash) < Total read time(hd)......................... Q

D Tread,y X1+ Tswap + Tread gy, X N—1) < Treaq, g X N...o(2)

2>T swap + T, X(N=1) <Tepqpy X(N—1)

ead flash

> T_swap < Teaq,, X (N —1) — X(N—-1)

ead flash
> T—Swap < (Tread hd Tread flash ) X (N - 1)
> T—Swap - (Tread hd Tread flash ) < (N - 1)

PN> (T_swap + (Tread g — Tread gy )) T Levevrvreemniiinniinnnn (3)
2335(D 47 % B Cylinder A F B~caN =t » 3 B e g o 2
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Bl MR ARF AR E o 2N (2)R A B RMERNI R
Lo Bo— A AL enpE Y 4o b - Cylinder Hie PP ge RAE SOpE R 4o b 3 B
N-1 st - el o 258 (3) 5B fJiEis » mAEH N &+
(T_swap + (Treaq hd Tread flash )) +1=x > i¥ swap 1 9}5 T o B AT

L 22

BFEiTs filter o

A el B2 §% - =X hot period B 4epF > R frﬂ g Fod filter & o
S#crde™ T read_hd -~ T read_flash ¥ d R ic it Gt F

Bl FEEHTEARY ] T swap o ;‘%’ R FEARY St B
B o % xihAk - B hot period p £ 3P4 > % sz ¥ Cylinder
R PP 36'%%% » % Cylinder 44 3f B~=% #ic/] ¢ fllter B R TR 2
Cylinder £ #. 3 2z f48 2 Cylinder 42 :% B~=x #icdp £ -]t filter » P|3x 3
#-Cylinder & M- e Big e o

. 34

-

1
1

AN

AT K 0 T R R E 2 AR A2 R R
EHEER L A TFL D wAGEPE SR Cylinders s ¥t R
AR g > LA - LERAP - AP RTEL T
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TR AE e @% N %Z’ AR iR c AP FREFE AT IET UL G AP
M4 & w5 Ranking procedure ~ Swap procedure ~ Threshing-avoidance
procedure ~Re-sampling period ad justment procedure ~Lifetime-control
procedure main routine » ™ % & B f§ H ehF R g4 o &F 71 > Ao
RELTAAFRE B RN FRA B Y EOF ﬁi,s‘gf?u 2 2 B H b3 A
;\ s T b2 B PIREES B driver 0 A PIFE 2 F Y ?“?F'J kSRR
2R iedit o Bl& D 5 FEB kSRR R > HETdp S v & Procedure

¢ ¥R Procedure #7i& * - 4r Lifetime-control procedure ¢ # Main

routine procedure #vef et o

FE g A Tz B A A e F A E - S BT
- B ﬁpfﬂfg i » main routine ¥ > main routine € & % & PA A2 P e
BA P Bl > 3 Boeked Ranklng procedure =473 Cylinder A4 3 2~
ke % - BRFISZEE F K 2% hot period B 4~PF > main routine §
vl et [ 1fetime-control procedure 21 » =< hot period &3% %_* Cylinder
B B AT KA FEERED o § T FE D e
Re-sampling period adjustment procedure 3% £ 3% i enB4R ¥ Hp o 34 &
P~4:3x ¥ {4 > »¥ ¢ Threshing-avoidance procedure %2~ filter & o %
Z BPESELE E ATER 0§k SLHETE ATP- R S PF > main routine € ¥
v Swap procedure I iz % Hot period — B 4o K& filter REFBIERIF

13- e p P > & Swap procedure € F 1FP~tRiF B E 0 F kP filter
fo e TR TR TR TP 2 R
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Block Driver

Cylinder Reading _ _
counter request count Re-sampling period
array arr;ye%fofrl}fwh adjustment procedure
\
v
Main routine |«
Lifetine- J—>
control
procedure
Threshing-
avoidance
procedure
]
Ranking
procedure
» Swap procedure
Flash memory Hard disk
card driver driver

W% 5 System architecture
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PP € MR- RS A A £ T8 o § Main routine | %7
Hot period P +4:P¥ > Main routine procedure ¢ 1243 Lifetime-control
procedure * & % & 12 gswap =X #Hc & '*F,z ERAF A YR REH
Re-sampling period adjustment procedure o iF‘miiAZ4cBl % 6 #77 ° &
K ET 5 £ ATEB R S P R e2 v Swap procedure e

Cuotalnow) :Quota of read
request at this time

Hot period start . SwapCounl{gow) : Swap
ReadRecord=0: ecord dala— count from- first read
request until cumrent read
l reguest today
Read request SepareTime: time from
enter previous read request to
ReadRecord++; current read request

HotPeriodEndTime: we
define this value to detet

‘ T e enertorpenne
1 if{SepareTime>HotPeriodEndTime)
Re-sampling period : the
period of re-sampling
FFalse .
COuotalnowy
SwapCount(now)

SepareTime(now)
HotPeriodEndTime
Re-sampling period

If(ReadRecord==Re-sampling period)

IfiQuotalnow J<Swapcount(now)) -

False

Call re-sampling Call re-sampling

— - . - alge {Perlorma ]
algorithmiSwapCount) ilgorithmi Performancet)

Hot period end

W% 6 Main routine procedure
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% Ranking procedure F # #r B3R > % - 0> » 4 T ¥ reading
request & 4 pF > AP E* Cylinder g Bo=t fic(® 5 NP eniedp B o §
% Cylinder i ## BpF > % Cylinder i &M &7 » #Rd_Hd_count[i]#
Access Count+l » # Cylinder 1 AR efEtE? > P4 Rd_flash_count
? Hd Cylinder=i s Read Count+l - % = % i» » &% =X resample PF = &
JFstp & B Cylinder 4% Access ¢h=t #ic > 12 f4) Cylinders &% £ o
AR T 4S5, AP N SRR B FE A filter E(d filter ;#
F Fd ) o A filter BF o 35 41975 Cylinders #tsf B~k e~ *t R £

e1Cylinders » & a4kt CM_Array ® > %8 2 infedcBl £ 7977

[e]

Input: Rd_Hd_count :
Rd_Hd_count Cylinder Counter
array
Reading
request of

cylinder i
income

f

Rd_Hd_count[i][1]++;

A
Calculate SD(stander
deviation of CC_array);
i=0;

Element=0;

Output:
Rd_Hd_count

‘While((CC_array[i]>SD)&&(i<sizeof(CC_array))

CM_array[elemet]=CC_array[i];
Elemet++;
it

CM_array: Cylinder
index array that need X
to be move to flash Output: /

CM_ array

W% 7 ranking procedure

23



Swap procedure =¥ iy EA- T & R FTHRLD| s o 5B
procedure #-% % %t resample PF4% main routine ¥+ » U & Input &_
ranking algorithm #t & 2 3 CM_Array ™ % Rd_flash count ° & i
procedure i & & i I A A7 PP e % 88 1 Swap © Procedure ¢ d
Threshing avoidance ;& & ;2 P~ filter & » T35 e B E X% E 7 &
#-CM_Array ® 0 (Cylinders #:ER-FP e g8 ® - 4 & & Cylinder i #:73
PP e B P ¢ % > % Rd_Hd _count[i] 7 Access Count & & 3|
Rd flash count * Hd Cylinder=i #p¥t/& 7 Read count * - & % ¥
Cylinder i jE-FPzziRi8 4 “,f pF > #- Rd_flash _count * Hd Cylinder=i
e Read Count & & ¥ Rd_Hd_count[i]4p ¥ /& 11 Access count ¥ e /4% ]
4@l % 8-

Input:
CM_array;
Rd_flash_count

| Filter : filter from
lhreshing procedure

Threshing

procedure Get Filter

While(i<sizeof(CM_array)

True

s Find the element K from Rd_flash_counT with
’ minimum read count;
Cy=Hd Cylinder of emement k

A
rd_count=Read count of emement k

False

If (Rd_Hd_count[1][0]-
rd_count)>Filter)

i++;
Rd_Hd_count[i][0]
Access Count Of
cylinder i

False

True

Rd_Hd_count[i][0]=rd_count;
Read count of emement
k=Rd_Hd_count[i][0];

Hd Cylinder of emement k=I;
Move Cylinder I data to flash;

end

W% 8 Swap procedure
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v‘v

A ow B E g% = 3% > ¥ Threshing avoidance procedure @ i& B

afd filter & > A hot period - B 4~PF4% main

routine #rr¥ et > @~ f¥c s #r — B Cylinder ¥ P o i chpr F > T

HEPALORFER ) TEFEP R OEFER o P oiptt L8P
AR5 P 2o R e k R TR o

procedure i & it #

\\\xy

E 4
9

AN F B R g e 3R> 5 Re-sampling period ad justment procedure °
i B procedure * %k ;i 7Z_TF =t hot period = resample period & & - %A
hot period - ® 4>P¥4% main routine #7r¥e? o 5 & BN T & F 17> & 4

TR (B2 9) & 1945 swap = #(Fl % 10) &k 2 PR

L
£ B o

B R s (B £ 9) KPR A Bresample period& “EFF 0 main
routine € & » $¥c i WA =X g BT 3aF B pF R (Time_respond(T_now)
Time_respond( T previous )) ~ B B~ ¥ # (Period(resample)) -~ &
< B4k ik 9 (Period(Max)) ~ B« B~ % # (Period(Min)) ~ # % & (K: 42
FPRE2 ERPHREHM2IBANL/2B 0 NAE) o 25N € RIpFE 2
PRSEUE e s i e c I

TP R (Bl & 10) K& i3 & resample period & “&FF >main
routine ¢ @& » %85 w3 = 1 Cylinder #:4% =t #(SwapCount(T_now) >
(SwapCount ( T previous )) ~ B # B~4::¥#f (Period(resample)) ~ &
+ P~ iF #F (Period(Max)) ~ & B~ i¥ ¥ (Period(Min) ) ~ 3 & & (K: 42
FPRE 20 RPN 2B /2 B NBE) o A5 E RIpAE
ERFEEPTELPRME » W PR o
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Input:
Time_respond(T_now)
Time_respond(T_previous)
Period(Resample)

K=2

Period(Max)

PeriodMin)

Time_respond(T_previous)<Time_respond(T_now)

Time_respond(T_now) :
average responds time of
read requests at now

Time_respond(T_previous) :
Average responds time of
read requests at pervious hot
period.

Period(Resample) : current
re-sampling period

K: parameter of adjusting
Period(Resample) , in our
algorithm we let k=2.

Period(Max) : the maximum
resampling period

Period(Min) :the minimum

Ifk>1)

{ K=1/2}
False Else

{ K=2}

Period(Resample)=Period(Resample)*K_
If(Period(Resample)>Period(Max))
{Period(Resample)=Period(Max) }

If(Period(Resample)<Period(Min))
{Period(Resample)=Period(Min)}

End

resampling period

W% 9 Re-sampling period adjustment procedure(l)

Input:
SwapCount(T_now)
SwapCount(T_previous)
Period(Resample)

K=2

Period(Max)
Period(Min)

A
Period(Resample)=Period(Resample)*K
If(Period(Resample)>Period(Max))
{Period(Resample)=Period(Max) }

If(Period(Resample)<Period(Min))
{Period(Resample)=Period(Min) }

End

SwapCount(T_now) : swap
count from first read request
to current read request today

SwapCount(T_previous) :
Swap count from first read
request to current read
request of the day before
today

Period(Resample) : current
re-sampling period

K: parameter of adjusting
Period(Resample) , in our
algorithm we let k=2.

Period(Max) : the maximum
resampling period

Period(Min) :the minimum
resampling period

W% 10 Re-sampling period adjustment procedure (2)
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A FE s T i & Lifetime—control procedure(throttling
algorithm) - i& # procedure ¢ ¥ ¥ Lifetime-control algorithm °
Lifetime-control procedure ¥ #_d main routine *f*? > main routine
g # kgl kg & U (Life_time) ~ B R B » =k
(Endurance) ~ -z 48 ¥ % 3 Cylinder #(F_capacity) ~ 2 = B 45
FIP e &8 » =t #H > ~=t Hot period B 4o4pF & (ReadTime(today) »
ReadTime(Hour)) » #X 14 & 373+ 5 o jndgdc@ # 11

Life time : Lift e of flash
memory

Endurance :Endurance of

EIIIL;":Il - flash memory

E"ia'l’ggf‘: 1“ F_capacity : how many
Sﬂapgﬂum%[ﬂda | cylinders can be storied
Rtadfimttday} ¥ in the flash memory
ReadTime(hour)

SwapCount (current); the
total swap times at

right now
] ReadTime(day):the day of
current read request
AccessTimes(OneDay)=Endurance/(Life_time*365); happer
theoreticalQuota(today)=Access Times(OneDay)*ReadTime(day): | [ReadTime(hour): the hour
Q’Llﬂtil{lﬂd:l!.f]:fhl!ﬂﬂ'ﬁfﬂlﬂ““TH(tDﬂﬂ}']-SwaDCGUIL1'[ Lﬁdﬁ}']; of current read request
Quota(now)=Quota(today)*ReadT ime(hour ) /24 happen

/

Cutput;
Quota(now)

W# 11 Lifetime control procedure
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3.6 FE T ITRAL

BRAPIFEE A PREFT RS BT A WY ke G
¢ e i Cylinder A% 3§ P47 & o % — & 78 %1 £ Reading request count
array( ™ Rd_Hd_count # 7+ ) T &P /xgEE ¥ ahp hE % ki
Cylinder #-# =t hot period =g f P~=x e > 4oBl % 12 - & TR S+
¢ 77 B %8 %—- B %%E_Cylinder index: # 7+ Cylinder A #-¥
1z 5o % - B &%{Access Count AL * % e4-p wH 77 # % Cylinder
Al Pt fic o F kB E @ B Cylinder 1 PF > SN E B 2 € %
Rd_Hd_count[i]# Access Count E4c 1 o % * = hot period % & FF » /& &
% € #-Rd_Hd_count » Access Count E£3k = 0 % % 5u#Cylinder i f&
A A swap FIPE-P e » ¢ - Rd_Hd_count[i] Access Count & % ¥
Rd flash count ¥ Hd Cylinder=i 4p¥t/& 2 Read count * - § & sv#
Cylinder i #P-P =248 swap F|A #-p¥ > ¢ # Rd_flash count ¢ Hd

Cylinder=i e Read Count & % 3| Rd_ Hd count[i ]4p %t & 7 Access count
?oo

Cylinder index AoCEss SCOoUnt
Cylhinder() 125
Cylinderl il
Cylinder2 0
Cwlinder3 0
Cvlinders 8]

CylinderS 32
Cylindert 11
Cylinder? 146
Cylinders 55
Cyvlinder® G
Cylhinderl() | oD
Cylinderll |23
Cylinderl2 |11

W# 12 Cylinder count array
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AHE AT RS R Y e -P e Y Cylinders & hot
period ## 3§ B~ 7ol 5 (14 Rd_flash_count %71 ) o 4Bl % 13 - & B F L%
#e 2 = B %8k % - B 584 flash cylinder index » * ** 4 7 ff
Pzzfitl® erCylinder % 31 » % = B %% &_Hd Cylinder » 4% %k ieékiE
TN E-P e iR Y (o Cylinder EE A Y (R B Cylinder » % = B %
Bk omF BB ? Cylinder i B=i#ice & ksLi® =3
PP 2zl ? Cylinder 1 pF > 2V jg B 72 € % Rd_flash count ¢ Hd
Cylinder=i siread Count & +4r 1 o § # = hot period % & P » 7 &2 ¢
#-Rd_flash_count ¥ read Count E£3% » 0 ¥ % st#-Cylinder 1 A&
- swap FIE-FP s REPF > € % Rd_Hd _count[i]& Access Count & ® 3
Rd flash count ® Hd Cylinder=i #p¥t/& 7 Read count * - & & ¥
Cylinder i PP =% %8 swap F|A #pF > ¢ # Rd_flash count * Hd

Cylinder=i v Read Count & B #] Rd_Hd count[i |4p ¥ & 7 Access count
?oo

Flash Cylinder | Hd Cylinder Read count
Cylinder 0 Cylinder 409 10
Cylinder | Cylinder 508 ]
Cylinder 2 Cylinder 1048 2
Cylinder 3 Cylinder 1096 |0
Cylinder 4 Cylinder 4 1
Cylinder 5 Cylinder 1 G4
Cylinder 6 Cylinder 814 16
Cylinder 7 Cylinder 812 32
Cylinder 8 Cylinder 706 15
Cylinder 9 Cylinder 408 |

W% 13 Reading request count array of flash

MEMOry
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RIHpAFFEE > AER I N2 LT 22 6
o2 AR L ok EARY AR AP R “%"’156% R AR g N
iE e AP R IR N KPR Bodkdy o TR ERRES S
PR LA L oI S cl S NVIP S TR o2

4.1 F %R B

EARRENILE DS T 5T = s s el - Fﬁf\ e B E o ATy NP B ST &
NPy F%EBS -7 L AAMERE NG AR * 5CPU & intel
9 T7500 » £ 5 2. 2GHZ 0 CPU #g & » i&3f CPU BEF AMB e L2 BB o &
RAM e384 p] §_ i@ * 4GB < DRAM ; ¥ ¢t %3_:]%{%3‘\ F P2 % Microsoft Visual
Studio 2008 k3 B 2% i chficiAR Y 5 ¥ CH T E Kk BN P ig ¥ e oh Vista
TL AP EIR S Vb A P -€ so - 3F 20GB o AR P o B 8
(926 % )R ftas AP ag B AL o

Foh NP Rt A - 3 e ¥ L3 h et ARRR
EL AP iR AR c AERER S ¢ APERE - ¥ LRt 7200
i 5 A d A Header 2 Cylinder3iix »d 3t — 43 6 + & #thead 5 16 3] 2565 »
cylinder 3 1024 3| 16384 o »* Tk A 470> i - 2 7 BA 3 ST &
header % 255 Cylinder = 2609 5 A &3 4L @ﬁ%] w0 2 SATAZ o
B @J&* & 300MB/sec ; & #-Seek time#3% 4 %% reference[12 |3 ~
#r3E + ol dhseek time model’ ; d AP up IR F Pl s — B 20GBA g
EHF P (926 %) FIAPRHBEETES KT E 206B-

oo e B AR IR > A PE Y Transcend RB-PPzf+ o 2B b
2 8 SHDC classBr 2 £5  4GBo v 425 kipldse i+ chT 303 B #icdp -
ARl o9 APl 5 CreateFile(e---- ) > Wr1teF1le( ------ )~
ReadFile(:+- ) kF BFH « F* izt APl A2 EF G BFERT IS

3>t seek time sPlCHEE S 2 A P #2 reference[12] ¢ i * o @ Model % $17 o
d<616, 3.45 + 0.59Vd
0>=616,10.8 + 0.012d
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block-device buffer Cache » #r1/ v Mg B s F|Z B EF AR » ¥ o
# BB e {8 4 B2 intel CPU 0 RDTSC 45 4 % 3% 2~ CPU Time Stamp °
STILT U R R N R Ter e CPU 4 £ &8 0 1395 CPU R 74
e AR D Bi‘F'& Fe® ﬁ{ﬁﬁrT CEERH TR S 30us~ A
Bl -poR s 20us ey B » TR L 69%us s BARAPRTREER
» 43us 2L fedy s AP %E_;\ Bt > PP e IRAE T B iy
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4.2 H -8B PP s R s 50

ip & A PRRIRET G ¥ RS R et &2 t"f»sbﬁﬁ‘l ’
g /n\%‘rﬁfif-bh’ PP e Ml e 1A 0 JEY WA PR D e R R
A o A PIEE S 35 5 Maxtor STM380815AS - A 2 8MB
Buffer ~# -4 & 7200RPM~ @ @i .1 5 SATA~ T 35 seek time = 9ms
KPP islatd > 6 A PEHE Transcend B-Fizfh+ » =i f # R4 E SHDC
classb > % & & 4GB o ARV RpRE T AL A WIEA 0 2 P st (E
REiv,> TRIEETHER -FRAZZLSHEAFR TR BAFT
B R N TR ERERE BT B TR < e u s 4k~ 16k
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ZECdRALTAPT g DRI TR A A B

‘%%Q%%%’ﬁ?wémﬁ&~#m@’@a$a¢ﬁﬁgﬁ%mf
FUE PRSI s RE AT (B 200 Fe g BF
ML BOTHTHEEB R R EE R A RE (R 22) -
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oo A2 p kv #Hd B meh i o F]YY seek time T IHPER ¢
e B o T AWK AET o B R E RATREE S o d T AT
WEBGRAET o P RMRBRAAEZEY F o om - SPC K SN Bl €
H 2 5o T oA A B TR T 0 L B R
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seg/random write flash

seg/random read flash

200000 10000
/—_ —_
~150000 random_write_flash g 8000
) k)
ElOOOOO seq_write_flash g 6000 —e—random_read_flash
- v 4000
ﬁ 50000 g 2000 —#— seq_read_flash
S ©
2 0 s 0
0 100 200 0 50 100 150
block size(k bytes) block size(k bytes)

W% 19 respond time of seq/random
write flash

W% 18 respond time of seq/random
read flash

seq read Hd/flash

m 8000 / ——seq_read_Hd
2 6000
[ —m— seq_read_flash
£ 4000
g 2000  —
S 0

0 100 200

block size(k bytes)

seq write Hd/flash

_ 12000
:?n, 12888 /’ seq_write_Hd
_g 6000 / —a&— seq_write_flash
@ 4000
§ 2000 %
2 0
©

0 100 200

block size(k bytes)

W# 17 respond time of seq read
Hd/flash

W# 16 respond time of seq write

seg/random write Hd

5000
4000
3000

~
2000 E‘////
1000 g
0
0 100
block size(k bytes)

2z

@ seq_write_Hd

access time(us)

200

random_write_Hd

W # 14 respond time of seq/random
write Hd

33

Hd/flash
seg/random read Hd
12000
2 10000 -
g 8000 // —— random_read_Hd
S 6000 4 Hd
§ 4000 —@—seq_read_H
S 2000 —
© 0 /
0 100 200
block size(k bytes)

W% 15 respond time of seq/random
read Hd




random write Hd/flash

random read Hd/flash

__12000
3 10000
1;,200000 L.'l—'—__' —+—random_write T 8000 Z:
250000 _Hd £ 6000 — ——random_read_Hd
_E—OOOOO —#&— random_write § 4000
50000 flash S 2000 F —s— random_read_flas
2 © 0 h
S 0
© 0 100 200
100 200 N
block size(K byte) block size(k bytes)
W% 21 respond time of random W# 20 respond time of random read
write Hd/flash Hd/flash
random write Hd/seq write flash
12000 —
. 10000 /’ —— ra:-ind om_write
.g 8000 / —#— seq_write_flash
@ 6000
S 4000
©
2000
0
0 100 200
block size(k bytes)

W% 22 respond time of random write Hd
/seq write flash
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FEAPD PSR F P RS R s 128MB BT L5 4o ik

P

YR +

12.45% ~ %
2=V ig Sv BT AL &

I g

23.468% &
o PR

L 256MB P T ru 4 i 5 17.182% ~ %
% 1024MB 5= 12 3 4e c9i0 5
£ 5 1024MB pEock ke o

£ & 012MB
33.175% -

flase size 128

12000
£10000
+- x 128_History
g-‘o 8000
© m 128 _Future
S
g 6000 128 prediction
f 4000 x Nomal_Hd
3 2000
8

0
0 1000000 2000000

reading request

flase size 256
12000
80000 =t 256_History
.:.; 8000 —&— 256_Future
oo
o 6000 256_prediction
24000
22000 —=— Nomal_Hd
©
§ 0
0 1000000 2000000
reading request

W% 26 performance of our

W # 24 performance of our

algorihm(Flash size : 128 MB) algorihm(Flash size : 256 MB)
flash size 512 MB flash size 1024 MB
qlJZOOO ash size ash size
12000
_§0000 | £10000 —o—1024_History
:.‘?OOO P12 History + 8000 ¢ —a—1024_Future
!\_.., p ‘ _
6000 —— o 6000 R T S—
%4000 >12_Future g 4000 1024_prediction
] 512_predictio ¢>“ 2000 —— Normal
£2000 n — 0
©
0 ——Normal_Hd s 0 1000000 2000000
)
0 1000000 2000000 .
reading request reading request

W # 23 performance of our
algorihm(Flash size : 512 MB)
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W % 25 performance of our
algorihm(Flash size : 1024 MB)
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%JOOOOOOO flase size 128 100000000 flase size 256
B000000 £2000000
= =)
25000000 85000000
E =128 _prediction E icti
gﬂOOOOOO p %000000 =128 _prediction
© x Nomal_Hd © x Nomal_Hd
7“2000000 ~=-000000
d d
8 0 2 0
0 1000000 2000000 0 1000000 2000000
request request
W # 28 power consumption of our W # 29 power consumption of our
algorithm(1) algorithm(2)
flase size 512 flase size 1024
10000000 10000000
()
£000000 2 8000000
88000000 gn 6000000
a - 512_prediction E‘ =512_prediction
/000000 * Nomal_Hd 0 4000000 x Non:al Hd
— s -
.‘goooooo 8 2000000
=
0 0
0 1000000 2000000 0 1000000 2000000
request request

W # 30 power consumption of our

W # 27 power consumption of our

algorithm(3) algorithm(4)
25
N
o 20
=]
o
w 15
£
5 10
]
o
Qo
128 prediction | 256_prediction | 512_prediction | 1024_prediction
M power saving| 7.862121276 11.37682571 14.14310138 19.49547401

W #% 31 power saving ratio
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7500

7000

average responds time
(2]
o
o
o

flash 128MB

——— endurance_2000

——— endurance_5000

—=— endurance_10000

flash 256 MB

7500

7000 = endurance_2000

endurance_5000

—a— endurance_10000

average respons time
w D (o))
(% o vl
o o o
o o o

5500 == endurance_20000 —=— endurance_20000

5000 endurance_100000 5000 —— endurance_100000

4500 4500

1000000 2000000 0 1000000 2000000
read requests read requests
W# 34 influence of flash W# 35 influence of flash
endurance(1) endurance(2)
flash 512MmMB flash 1024MmB

7500

o = endurance_2000 w7500 endurance_2000
<

_g 7000 endurance_5000 _§7000 endurance_5000
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2 6000 endurance_20000 26000 +— endurance_20000
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< - o 0
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reading requests

B % 33 influence of flash

endurance(3)
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W% 32 influence of flash
endurance(4)
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