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BERESEMNEERMERENEIT SN

LEEQT S
(C"FEBFRITEEAFRZH  JLx 100190)

(THEMFRAT AT 100049)

ERRT OHF &

i B E R FHAR——HAE R (SMR) 34T 7 M A 047, 41 4 SMR & L R th 1
AR RTERA T HEAE Mok, & 0 5 B R0 K8k 4 (SSWD) 7 2% £ W 3 (E A #F
AEFEWMHISMR 2SS RIS F 2R, ELAEFSZHEILE N E R T i
FIRZ WA, AT T —Fh 4 & BAFE £ (SSD) 838 & L% Sk 48 (HSWD) 45 45 1 A
SSD 1B F X %77, LI T 2 AHBK A 4L A BK T AP FF X B 7 B R MU B R 4T 5k s, LR =
A ¥ X % 77 BDL K % ——LRU FIFO Fn MOST, 3% 38 34 3% 3 0 32 6 947 0 5 3tk 7 7 A
SToEms o = A EDR SR W, S )5, 9 3 K A e HSWD (SSWD fn Flashcache #y P 85, 45 &
F U ,HSWD % SSWD #u Flashcache ZE £ M ALE M d6 LA 7 ¥ 2 8 A, 6 40 & B 7% hm0
By % B HSWD Yy M 4k % SSWD 42 #+ 2. 25 &, %% Flashcache 42 A+ 1.32 %,

RHlin]  FAEFE(SMR), RALF# A (SSWD), EAMA(SSD), B4 ARG, Z7 K,

ER &
JRJZAN B il Sk AT KR BUAE , I B I Ta] LR
0 5 & JEAS BB, BB BEARMESL B . PLIC SEBA P HAL

— H LK, 1 55 98 5% (hard disk drive, HDD)
A 2R s AR PEREAR S B4 s i 32
AR BT, BEA (R KRR B AR A 2Dk
XPFFARAY B A A Bt T B g A0 K, AR T
B BRI SR SN . SR, 52 BRI
TGRSO, (0 1 3 LR A SR SR B9 HDD , H A7 i 2 2
ANFREIS B 1T/in’, PR, 5 200 F B 14 Rl e St 4
AR TR LT S R LA R R
fific 5% ( bit patterned magnetic recording, BPMR) *' |
Pl Jh 7730 5% (heat assisted magnetic recording,
HAMR) "', % 3% %8 B %% i 5% ( microwave assisted
magnetic recording, MAMR )" | T it 5 ( shingled
magnetic recording, SMR) ) & A=A AR TR

T o A R B O B R DA O B AR 58/ N ik 365
—RHEITTZ AR, A HE 2 W B e 0 A FU
O AR 0 B 57 i BLIC 5% % 8% (shingled write
disk, SWD) ',

FLE SR Y BEAAR [ B 2 AH 41 R 1 15 T L 11 B
R —HEE S, A/ INE T () 1, AR 5 1 45 T A7 i 2
JEo TICREARANZ W B4R, B THRHE R
AR A Jmy 77 2, A SRR 8 S #4E , B
LS BRARR  ESZ BT o A BN W A AT SRk 4%
(seagate SWD, SSWD ) i jzf 44 JH: P 35 (14 38 43 DX ]
VEH: A A ( persistent cache, PCache) " L) i phe
BEAIL 7 [l FR i (1R, 5 1 J He 28 A A R0 R
SRIMT, SSWD FERFELFEHLE AN B0 T 1 AE R INAR 2= .
ARG EL I EBA T, ZE T Gibson $2 H 1) FLIC SR

@ 863 114l (2013AA013205) , [} B 55 T L T Ak 4 (XDAOG010401 ) 1 v [ )2 Bg T i iR 5 Bk 4 (KGZD-EW-103-5(7) ) B3 H
@ 41986 4 A BFSE T 1)« FOIC AR  BE &R, E-mail ; maliuying@ ict. ac. cn

(A B 3 .2016-11-08)
— 140 —



T BB i PEREIR S A A B FLIC SR G AL R S i BT 5 9L B

£ (SWD) 5 [E 26 4% (solid state drive,SSD) 45414
RATEE R SR BAR 0 SSD #i: R F5 A (per-
sistent) ZZ47[X 5, ( PCache ) , FF- 3 1 AH WL (4 SR Mg, 72
PO 0K sl LI TR A A N TR A PLIC skl
£ (hybrid SWD, HSWD) , AHFFE 45 R W] B 4%
T EHUE IS B B S RE S DAk, TR AT 45 BL
CSRRE R AT IR LA NS . AT R
T R A B 2R DL DL B SR R A R S b
LB PEREART B IR) &, I 2 280 vh B 15 A R A7 1K
TG B BEE H )y X, D e Ak A R S8 1Y) B
BUE TR ; SEI0 T P e A 52 A7 S 55 s R — o [l
WKW, I3 5 FRE 43 B A0 SE BRI RT  3AR 5
ATXT LY, S5 W], A AH IR e St SR W TS 5 T BL i ok
RG4S, T 75 22 A7 P die 22 (MOST) 1 [l iz 55 s 7 22 450
N 5T RRAS SR AL BT 47 A PR RE 5 ¥ HSWD JR 7R R
S5 SR —A Linux AR, I 032 5 8 3 S i
TERRIR, MRS5S R W, HSWD 5 R 48 i M fig
W @4k T SSWD 1 Flashcache

1 FEMEXTE

FUAC SR AR B S P 138 A1 )=y 7 =X, How
HEWME TR, BGE N 5 N+ 1 N +2 HE, G4
WEiE N _F A EE I T B N +1 N +2 B/
KOG 2RI, IR I e RGN — N+ 2 98
P, B SR S B XA o R AR 3-8 S-S
(read-modify-write, RMW) . &Bjj Ik RMW ¥ H5 %] 4

N N-+3
N+1 N+4
L N+5

Read

Track

Width

Wi
Write
Track Width
W2

le sl N
[ |

il il
Band K Guard Band K+1 Guard

E1 SMREERRE

#,5IA T (Band) (MK, — R G A &8 1 4
TE LAY, o 18] £77E bR B X (Guard ) LR IE B —4~717
) f i — B R S AR SRR N —AH 5
—ANBEIE b JEAA B SXRE R RMW $ 4R B
FEAH N o

I, i R BC L SR 485 190 7 1) RS 1 [ 852 ) F 5
TAEFEEPAEW T . —J7 B TH8 E 354
PGP )7 3, Cassuto 251" 48 01 T W Fh ]9 R 4
SR AR AS SR 1 =X, £ T AR AR Ay =k
G A7 10 TSRS RMW 47 ISR 17 5 5 — Rl 2
BT Y H B S51 i BARER 1 /Y S-Block 1y %idis 2
U3 Amer R TR SWD K43 0 H AR
] [X.(log access zone, LAZ) FlFE#L] X ( random
access zone, RAZ) , H #5150 X I H A5 G5 S & 3,
BEHLT ) DX T A7t T K0als 22 47 0 P 88l . Lin
SE O PBIR IR AR T SWD R T 57 4% [6]
WA PERE . Luo 25" $ I T — R 2L T B 8k
P AT Jry A — PR Y S PUAY BLIC SR RE B R 58, #4271 T
FLICSRRER I MERE A =, D — R RIE G R
iC 5 G % 09 3C 1 & 48, A ShingledFS'®' | SFSHT
HiSMRfs' ") 25

T34, Aghayev %538 128 33 ] TR 7 2040 T SS-
WD PEBLEH 3 A 77 X 3k (PCache) FI AR
Hi 7% X 35k ( native region, NRegion) 20 i, W&l 2 fif
o HHt PCache fif F % F (5 AME, IF DL H A 45
Fa 7 34 U835 . NRegion {37 P4 [, 24 43 1
Fieils (R/MY T 15MB ~40MB ) H 40 43,4 5l 2
A B PR S . SRR A 3 s, 5iERE
Fe o it ARG B N AFZEAF (memory buffer) , 41 222
FEREAT AR, W) B 40 R R Y 5 A NRe-
gion ; 75 MK £ 8% 5 A PCache, f5f PCache 47 [ 1]}
fF il i RMW 1 7 20K 24l 5 18l 2] NRegion,
PCache SR H A 4540 )4 BOBCHR A7 76 10 [] B -

(1) R H &L H PCache, 255 A KR HY
TG . — TR A A, O — O R TR Y
L5 Vi) 20 Sk £ 3 i 52 e BE 5 TR

(2) PCache Fp.— [ [A1 IS SR M- T30 RMW A TR
REEME. M PCache SRAT T H RS AYE BT 2K,
[ S s A0 50 IS Sk 38 255 (], A b 201 R Y S 5
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FROREIR 2017 42 H 5527 4% 452 )

H(FIFO) By [ fcsems ™ i 4 Frs . M RARIC Y
WL AL T 6] — Al N, 2k T FIFO 1975 2 [T i
Z3SE R KA Band %0 4E , BAR RN T 3 M3k,
T SMR 198 FUARH 1 SE PR b ] F B9 B 7 Sk 56
1 AP, T AR ST RMW $R4ER [l bk, 252
FEIEJTHORIN: , BOR- S BURRAY 10 FEIR

(3) PCache VE ik #0) — 73 2551 AR
kB, s T E IR G RN, M E WKk
1 PCache FlI3iE R & FE NRegion I}, ¥ 2 5 8uws 3k
AR B RL ), W AE AT RMW S84 I 13k 9 £ 3h
AR RMW fY%50%

Spindle —3

BandN —»

Band3 —»

Band2 —»

Band1 —»
Persistent

Cache > Platter

2 SSWD i K &
| | | Write requests
PE— NNV R
4 < Memory buffer )

S -

Random .
Sequential

writes

Native
region

B3 SSWD HMEiEKAERE(EFASER)

writes

Persistent cache

RMW

SSWD

E 4 SSWD () PCache [E11 5 B&

— 142 —

2 HSWD R4t

2.1 RGLEHELE

K5 IR A TLIC sk g & (HSWD) i R G454
Bl ffiH SSD ke B AHd £ L3 o X SAE e A %2
F£(PCache ) X347 4 R LA S : (1) SSD BfiHLIEL
EPERem, T TR H S5k 8 B ff ke T REALS
PEREZE , HARGEH4E BRES MY & 2% H 7 A= KB oo B s
Byl (2) T SSD iy PCache 1] LIKEHLS A,
fdi53 PCache AJ LR H B i R 3 1) [nDfSg S s, 6 1717 42
{5 PCache [ AN 28 AR 25 (3) K PCache
FAS H AEA X 38 ( NRegion ) 28057, 98/ 1 1k £130,
P VB R AE-B -5 (RMW) BIR0R,

M T A 5 W) B9 TLAC R WE AL (SSWD) | NRe-
gion WY BLA BUAIRE k TAEHLA 5 HDD AH[E , X 7E
HSWD i i§ HDD #i48] NRegion , ;- 3iF HSWD FI
SSWD NRegion ()45 —BHE, o ACH] HDD /95
Gift o

\ 4

RMW
PCache(SSD) —%

B 5 HSWD &%

HSWD

2.2 PCache #1 NRegion 2 [a] i 5 55 B&

T S B E 1Y 2 PCache F1 NRegion 2 [H] [ ikt
BIRFR o AEGLRIMRS J5 2 R ZURHIBE AT A AHEK

ZH A BX ( Set-Associative ) 5 PCache FlI NRegion
153 IR/ I ) 4 261, 26 1) >R FH B 42 53T, B NRe-
gion FYHEANZH HBEWLSS 2] PCache ThME—AY4, {H 2
PRI AR , A 6 (a) B, 455 TLid
TG ALl BOME &S, B 4 R/ IV S R/)N, NRegion
A1 n A7 T PCache BN T m = 2 A4, 535
HCy FC, o B i IS B PCache TP i%2
AN, Cassuto 25" HE Y 0 5 — il 1] 42 R Gk e 1l



T BB i PEREIR S A A B FLIC SR G AL R S i BT 5 9L B

FH A L AHER B 55 77 5K

4 HHEE (Fully-Associative ) #2014 NRegion H1 ) —
APt 2] PCache AEEALE, GNE 6 (b) R, 77
S DI n AT RS R B e S 31 92 A
Co TEEN B, B SERTE, ZAFHE
B, R IR R . AR L] LUE
BRI RE R A AR, Hoh om = 1, #F SSWD
PCache 5 NRegion =2 [l ity e 77 20 4 AR

> Co Persistent

Co e

— Cl cache
BO BO L
— B1 Bl -
B, B, N
|| B, L Nat.ive B !

region
B4 B4 - .

— B n-1 B n-1 I

(a) Set-Associative (b) Fully-Associative

Bl 6 <=iHEXINAMEER

K FHAHAHIBR W, 219 20 N A R A7 P H 15 31
1B (i 0t 23 fioh i A I WAL 5 TS T A AHIER , A 8
AGEAF I T A 23 PR 25 TR) 38 3] 13 B A ik 4 2 A7 (o]
W, A AHER , ZH AR I Y 22 A7 e i ) ok B s B
% 1E HSWD £ wh 5 1 i 52 0 23 iR, I
S H 7 U AT AR HAEI 1) RMW #8:4E, [A]
BF 5 22 2 R A 2 e s ], 1 7E [R]— B[] S gg [l
We—A2H , W 2 S5 1, AT RIS S S5 7R H e
2 11 10 1R AR H KB HER 5 1 AR BN [F]
— BLA7 23 [ 9k i, 10 R st e 7 B gl 7 .

AFXS T A AH I 5% A7 44 782 18 0T 22 G0 1 BB i ok
()2 M ZEFE AT 241 RMW BV 18 o5 1 582 M B
A3 SEBIERT L T b iR A e O 2, X g
RABIGUE T R WS . Btk HSWD e A8 T 4
FHI 72, 3K 7R AT fff B A AT SSWD k4 4 AHEK 77 =X
2.3 HIEGR

5 SSWD 2411, NRegion % Band 4141414, i
5 SSWD H PCache By%#fE 20217 U [R] , HSWD
PCache X1| 43 =A™ X 35k . JRECHE X, 2% A7 £ s X A
TER A IX

TUEHE X : L5 HSWD [ 08l il PCache
ZAFHR TR . AT A5 PCache K/ ZEAFHLK
ZIN IR R (B AR 25 5 i B A A7 B X L A
P FARAF o AAECEEE R B A2 T PR UE
By 9 ERRYE LW 2 5 B

ZAFRRIX  th— R ZAF R, ¥ T4
FRIR 1% DX IR 73 Z A, B U th 2 G A Bk
LG T T AR, A T U — AN

B EFX T RMW [y Xk, 2847 7]
Wb AT RMW I, 5 Sf0Re M R T 74 A9 4 v A a3
FUTEA AT X, IR fil T A7 v 1) MO 5030 A 1 el
BA A DX Bl , I 18 W 1 Rl e S Tl
NRegion, 15T B 22 A7 X1 A & B AR A AF o PAT
RMW #8453 22 S PR - Q2R AR A7 PFT RMW
AR W, —Jr 2 B Bk, S —Jr e i
ety AR A — 2, TR TR X ST RMW
g R AR

3 HSWD # A7 42

3.1 ERREEE
SVE 1R T HSWD B2

&3k 1: HSWD Read

Function HSWD Read (LBA)
band = get _ band (LBA)
set =band% M
block =lookup _in _ PCache (LBA, set)
it block! =NOT IN CACHE then
read _ from _ PCache (block, set)
else
if is  RMWING (band) then
read from RCache (LBA)
else
10; read _ from _ NRegion (LBA)
11. end if
12. end if

O 00 9 O L A W N =

BB, B e AR 4 2 B P bk o e AR
PCache " T7ERYZH . #1323 K A th PCache, W) 5 42
M PCache {250, # A, 5 B4 NRegion H1
BEE, {H Y 25 IO B BT 78 19 71 1IE 72 $UFT RMW (1)
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W ERAERT, W24 5] RMW 58 82 J5 A BEIZER, X
UK T IRAEIR o (R UL E T B 2 AF X R B —
JEIEGAAY it AT 42 A TER 22 A7 IX 32 B, ik st
3 RMW AR E I &, 38 T 1 RE
3.2 EREEE

B2 fiA T HSWD B i, B —ANHu,
T 2 H T PR A A PCache, 25 i P U 45 A
PCache ; 5 W], $%—A~4%5 IR R A7 B, an SR %A 25 IR
fRIZE A7, B fih & PCache 1) DI LA R4S AT B0 G2 A
PR EE B A, R KA PCache i E
i S AE P B R A5 T 5 i fi & Tl sy
{8, #42 K fh % PCache [ [B11C

E 3£ 2: HSWD Write
Function HSWD _ Write (LBA)

1. SET _CLEAN _THRESHOLD =80%

2. band =get _band (LBA)

3. set=band % M

4. block =lookup _in _ PCache (LBA, set)
5: if block! =NOT IN_CACHE then
6. write _ to _ PCache (block, set)

7. else

8. block = get _ free _ block (set)

9. while block = =NO _ROOM do
10 HSWD _clean _set (set)

11. block = get _ free _ block (set)
12 end

13 write _to _ PCache (block, set)
14; end if

15. if Dirty _ block _ percent > = SET _ CLEAN _
THRESHOLD then

16.; HSWD _clean _set (set)

17. end if

3.3 PCache EUgE £

PCache il i $hA7 RMW #05ET il I >k 11 0
GifEasll, MIOR AR AL 3 PR, B e ik —
A~ Band , 2R J5 XX 4~ Band $i4T RMW #24E , i J5 4
A 2l BB B AN T 508 B4 1R s
I L, 5 2 U452 LR R
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&% 3. HSWD Clean Pcache Set

Function HSWD _ clean _set (set)
1. STOP CLEAN THRESHOLD =60%
2. band =select band (set)
3. RMW (band)
4 if Dirty _ block _ percent > = STOP _ CLEAN _
THRESHOLD then
HSWD _clean _set (set)
6: endif

9}

RMW Jift %8 %5 4 fif 5. Read _ to _ RCache
H A5 11 e Band (19 42 &8 50408 15 ) 900 B 28 A7 IX
Modify _with _PCache _ blocks i Jf| J& T*iX 4~ Band
1) PCache M1 blocks AAB T B8 Z2 47 X 1 Band %k
P BT B, T LUK X 28 PCache P ) blocks
BEE N ICARL, SRR R T 255 8] 5 55 S5 4 300 B8 2R A X
W) 2845 S 17 NRegion

Hi%4: RMW

Function RMW (band)

1: Read to_ RCache (band)

2. Modify _ with _ PCache _ blocks (band)
3. Invalidate PCache blocks (band)

4. Write _to_ NRegion (band)

3.4 Band jEEURRE

1E HSWD clean set B select  band 1EHL
T HAT RMW #E Ry, 78 SSWD i, 2[R T
PCache 45 77 5 SMR 192 FLAR I, (1145 FIFO
(Seitse i) g 2 SR e $E. {H7E HSWD rfr,
PCache R 3% % 41 2 )5 X Afi 15 Band 3EHUHR g B
R W&, HSWD i it IF S 17 = Fp: FIFO,
LRU (f i f /D #iviln) ) ,MOST (& A A £ ) .

FIFO SEmS 4% B8 Band #5519 56 J5 P 647 ik
B, AN R B R EE  Band Fp I B 80 H 45 5 ]
WA AR SE B P 2R . MOST 5% 2 bE A 5 48 1Y 5K
W, HE A A PR 219 Band , 145 3047 — 1R
RMW [ i G2 17 B i) 8 B e 22, 4 i) 24 A7 1
TR, A B A RICR  (H AN TR i 44
B, 3% 0] BB Band 45 S0 H4T RMW , DA TT



T BB i PEREIR S A A B FLIC SR G AL R S i BT 5 9L B

S LSRR #5 EA R B LRU SEms, R A 80 />
PAT RMW B8, B HIFA % I HAT— I RMW
FTLART I AP B H | XA TSR I, 2 2%
FEFE TR Il SRR [R] ¥ 28 A7 Bk, 75 22tk MOST 3
BEPATEE 21 RMW,, SR MOST 3R i — Uk [ml i 1
Gl (NHAERHB K

MGAT Jg 7, BN , F 2 =5 Bl A2
KE,LRU SREEHAT RMW 8 R D, X FEZIH T
ok X A Band B T RMW 33X & —Fh %
JEARRR 2 0 YRR A SR 5 1T MOST SR S
A BEHUKE PR AT — Y RMW  [m]iicds /23 1] () Band #E
Je 25 NS, 33— H 2% S i A A B B Y
Femg . HRZHUE BT MOST SR b LRU 3 mg 5
AL, Sl MOST 3 W 7E 4 T 24 1if ] el 32 i [a] g
S T RMW RCRAN = 4 Band B [0, 1M 3% 26 Band
(1) IETSCAR A T BETE 25 PRI 8] P4 52 B, A 52 R 452
(PEBE . 765 S0 AR AN [R] Band SE IR IE T
RGENTERE  IFIUE TR

4 MRKERE 9

4.1 MEXIRE

HSWD {ii ] Device Mapper #L il 52 3 — 4~
Linux Py 8% 455 B, 5 32 00 A ofe A0 B 38 4 3 110 7
HSWD 1, PCache i Jf] 120GB SSD f3554325 fif] e
oL, ELAARAS FH R/ INEEDI 48 5 5 1T NRegion fifi F 2TB
HDD AR, I H oA T B R R 1, S 4t 1 A
MG AE, SSWD Byl K/NrT 15MB ~40MB 2
6], Fh AT A0 2 3 4 K0 T HSWD F) 85 /s Ay [
FEAE , ORI FE A HERA I , BEE A 5 SSWD A7 K0
FHIE Y 32MB, H % & 1l 8 22 47 X K/ R K/,
AR 52805 B 1,
4.2 MK TIERER

DT A B 20 32 2 A 46 P 28 S v R )7
FIO A& 5 1) TAE 0 28RN 52 B iy R 080 T4 £ 28K
Wi B 25X HSWD R BEHLS PEREZE1T PRI, B
I FIO A= sl TAE SR BN BENLS , FH R HUS 3K [
15 ) LR T AR G AR AR 2 2 P

*1 XRTHEE
T AR
CPU  Pentium(R) Dual-Core CPU E6600 @ 3.06GHz
0S  CentOS release 6.5; kernel version 2.6.32.68, x86 64
HSWD Size 2TB
PCache Intel SSD DC S3500 Series 120GB

Seagate SATA 128MB Cache
6Gb/s 7200rpm 2TB HDD ( write
cache disable)

PCache block size  4kB

Band size 32MB
SSWD  Seagate SATA 6Gb/s NCQ 8TB SWD

NRegion

FEME HSWD 1 PCache A [] [9] iz 3¢ & LA K A
[Fi) 25 F5 0 22 G 1A B 1) 52 e P, Sy 7 (5 00 30 5 B 4
WA HBCR , P HUS B 1 Al Footprint A X 488/ i
TAETZEL: mdsO, prxy0,rsrch0,src2 0, FE5 SSWD
1 Flashcache 47 P BEXF L B Il v, 18 105 £ 8
1 K H. Footprint HKAY TAFE 2 : prn0 , hmO , projo.,
4.3 HEBKE £ HEEXT L i

fd1FH F1O 20T Fb 42 AR B RN ZH AR IR , T &
iodepth =31, i Fil libaio J7 3L HEHLS 2GB (R, 5
TR BRI 4kB, AR A, HSWD PCache %5 &
BCHE N 256 MB, 24717 1Y RN I E Dy 32MB I, 7
23 [6] 2y 32MB, SRR I RIUHE 22 47 25 [6] Oy 224MB, Xf T
AR, A 7 A

F 3 G T AR A AR R A AR IE X B B DU 4
AT DUE ) AR MERE & T A, B ES
B, P R RO 10 SiE IR AR 22 3E 0 R, AR
s, MZHAHIR F5 3k 265 o WLEEI i P v B Ab A 7152
H(1/0) #:1E 19 X #L (input/output operations per
second, T0PS) {221k, W JT 4 5 & 1) TOPS X 44 ¢
TEAR KA, BE# PCache BT, J5 22 10 3R T
SERFGAF AT RMW 484 (] 1fig 25 (8], 5 3 0PS |
8
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EROREI 2017 4E2 F 5527 £ 45 2 1)
F2 MBI TEREIFE
Write Write Write Foot-print  Avgerage Request
Work-load Total Request
Request  percent(% ) Data( GB) (GB) Len(B)
mds0 1200000 1057173 88.1 7.3 0.33 9440
prxy0 1200000 1150891 95.9 2.6 0.21 2574
rsrchQ 1200000 1089630 90.8 9.1 0.27 9182
sre2 0 1200000 1051556 87.6 7.1 0.46 7395
prn0 5585886 4983406 64.5 46.0 12.4 11358
hm0 3993316 2575568 89.2 20.5 1.6 8185
proj0 4224524 3697143 87.5 144.0 1.7 38948
3 EEABEMLSEBENRER 4.4 R[5 PCache [O] 5 B& %t bk il
Poli Avgerage Avgerage  Max 10 RMW Runti 4 PCache qj%ﬁjﬁ%ﬁi; TR 1 (B, 75 2
olicy . untime
IOPS 10 Latency Latency times JREh | W BE Ve, A< 5 3@ o 8] ik i A TR gk
Fully 483 64. 1ms 4.0s 274 18.1min mds0, prxy0 , rsrch0 , sre2 0 5 %F L 78 A [R] 5] i 5 s
Set 387 80ms 26.2s 351  22.6min

& 7 JERLL 4s Jyla]bE TOPS By 284015 i, 45
BH UG JUFS TOPS i & i 16 30, 7T LA i, 4 AHEK
( Fully-Associative ) ) TOPS AH X} I 8 fa 2, 4EF5 1F
400 £ 45 5 T ZH AH B ( Set-Associative ) , H: TOPS ]
B K, — B [E] 4 TOPS $23 0, 48 5 10PS X Jt
L AN A o XS HTSCHIE AT A R G
HSWD {52 BT, 457 A B A7 10 2 A7 i IR SR B AE
V\]ﬁ*ﬁﬂf‘,ﬁﬁﬁlﬁﬁi%ﬂé%ﬁﬁfﬁLﬁﬁ?ﬁﬂlﬁ
(5], X T A AR AR UG, 3¢ A A7 AE -k Ay ) i) 2 7
A PERETT RS IS /N T AT RMW 454 [0 g s ] By 7
AR PERETT RS , Bt LR o0 TR vl 2 AT, PR,
HSWD S k#5720,

1000 3000
Fully-IOPS —%—
900 |- o T 4 2700
w800 - 2400
4 ‘ 4
S 700 42100 &
2 600 41800 2
§ ! g
g 500 | 1500 5
< 400 4 1200 5
,és 5
5 300k 490 3
2 ‘
200 H - 600
100 : } - 300
0 Luiies PRgLLL: ',"L,‘,‘.", g i EUa PR R 0
0 50 100 150 200 250 300 350
IR [6) (4s)

B7 FREIBRGIRRET 4s BRA 1I0PS By M
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T HSWD #ytEfRE. Mk e, PCache 2 B E A
256 MB , Ff-{fi JH 4 AHEK A5 S

Kl 8 gEit-F-2 10 ma N7t a], af LA i MOST 5§
W% - 22 1O i Rz B[] 2R T 5 PR S . 181 9 41
HHAE R [F S g $F7 RMW 9 280, % F mds0,
prxy0 Fll rsrchO, LRU F1 FIFO S s i1 10 o 17 i
[AIAHZEAN R (BN sre2 0, LRU SR f4-F-45 1O 1 Jif
IFIR] AR O, EEE N LRU 3l )™ A2 19 RMW
o T 05 MR SR mG . X U] RMW OB P e
HSWD PERERH LN R . 17 RMW AU 52
AR WS IR : BUAT — Tk RMW (1] i 14 25 A7 HUEOR
ZAFEERI e p AR 1810 Gt 5K 14 dw
TR, TR SR LRU SIS 19 2475 1 R i rh 3

60

T T
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Design and implementation of a high performance hybrid
shingled write disk system

Ma Liuying® ™, Xiao Wenjian™ ™ , Dong Huanqing* , Xu Lu”
( " Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190)
( ™ University of Chinese Academy of Sciences, Beijing 100049 )
Abstract
The shingled magnetic recording (SMR) , a new magnetic recording technique, was analyzed, and the follow-
ing were pointed out: the main drawback of the SMR is that random-write access to the disk is restricted due to the
overlaps in the layout of data tracks; The seagate shingled write disk (SSWD) mitigates the random-write access re-
strictions by using an internal persistent cache, but it encounters the poor performance with sustained random
writes. In consideration of the situation, a hybrid shingled write disk (HSWD) system was designed by combining
it with the solid state drive (SSD). Then, two different policies for caching between the persistent cache and the n-
ative region, called the fully-associative and the set-associative ) , as well as the three different collection policies of
LRU, FIFO and MOST, were implemented, and they were compared respectively by some experiments and theoretical
analysis. The performance of the HSWD was tested and compared with the SSWD and Flashcache. The evaluation re-
sults demonstrated that the performance in persistent random writing of the HSWD was great higher then the SSWD
and Flashcache, for example, 2.25x faster than the SSWD, and 1. 32x faster than Flashcache in replaying hmQ trace.
Key words: shingled magnetic recording (SMR), seagate shingled write disk (SSWD), solid state drive
(SSD) , hybrid system, caching policy, collection policy
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