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Survey on High Density Magnetic Recording Technology
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Abstract In the era of big data, the demand for large-capacity disks has been growing. With minimal
technology changes to the existing disk head and storage media of hard disks, the shingled magnetic
recording (SMR) technology is the best choice to increase the disk storage capacity. The interlaced
magnetic recording (IMR) technology is a newly developed technology in recent years, which can
achieve higher storage density and random write performance than SMR. In this paper, we first
introduce the shingled track layout of SMR drive and the resulting write amplification problem. We
also review the data management methods that mitigate write amplification problem, the evaluation of
performance characterizations, and the research on SMR-based upper applications. Then we introduce
the interlaced track layout of IMR drive and its data write amplification problem. We also analyze the
future research topics of IMR drive. Finally, we compare SMR drive and IMR drive from the storage
density, random write performance, and other aspects. A variety of SMR-based upper applications,
like file system, database, and RAID, prove that SMR drive can be effectively used to replace
conventional disks to build large-scale storage systems. The advantages of IMR drive over SMR drive

will make it have a bright future.

Key words high density magnetic recording; shingled magnetic recording (SMR) ; interlaced magnetic

recording (IMR) ; storage density; write amplification
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Bl SMR T S A B REAHERMERBD GG L%, 7 IMR 0L B b5 e L kR0 X
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mEESES TP391

AL T U AR A S A R B
A5 R BT RO £ 00 8 1 KL AR A B Bk
$i& 7\ 7] (International Data Corporation, IDC) T
L2020 4FE 2 ERBE A AF A SR A5 =8 3 44 ZB 1)
B, I H A K 2k S 5 8 B0 K B i K AR
AR A 1 W 202 25 4 DA ROR R AT B 1 e A

JUHAE LI o 35 09 R 340G 1A B 1 P R
H—— Kryder @™, H AR 25 1 4% IR AF 30 %0~
50 24 1 38 i 385 4 AR 32 88 ITURE 808, 1 52 i) L BLAT G
LA TEAE % B £ a8 3 1Th/in” MR BRN L AUUK 58
AN ICSRA R ST Ik B & T L o T
— AR R RGO A R A R D T A AR
A 10 % 7 ¥R, A0 G Bh /% 9] % Cheat-assisted
magnetic recording, HAMR)™ ™ i & Bl 5 10 5%
(microwave-assisted magnetic recording, WAMR )&
VLR e #5482 % 18 5% (bit-patterned magnetic re-
cording, BPMR)! ! 2 HAMR fl WAMR 5 %
TEREE S 3G hRE 5 7 2 KU BR BB 7R S B I
s 27 AR AU A RE R I AR G A0 SR A BT RY R )
TE A 5 1Al J5 75 20 T R 3 6 e i LBy (R AL A
BAER L HAMR Fl WAMR 2338 fin i S0 (9 H R
L Z A, BPMR SR AN TG SR 4 Sk 5 o iy
BeE  AH R T s A o ) AR A A v, S X R
TX B AR R BN IA 1 1k B WG sk A B A
T R EEEAKEN T A T ZRUFHEHRAB KR
(A A A s FLAE Rl Ak 2 1T S A — S8 E R ik ik
i 2 IR

T & FL 2R i 5% (shingled magnetic recording,
SMR)M* 1 —Fif ik IUAT R 4 00 ] i 3R 4 L1325 3k LA
KA AT B/ el 3k BE 85 O i $2 v A7 ik 2
FRHE A RN Ml A% 8 0 10 SR B R FRATTE W FR 2
38 #2410 F $E AR (conventional magnetic recording,
CMR). & LRI #H AR BAE Z AR AT g4 i . (3
ARG R TEHIE LR T 2008 4E3E [ H L RERTF BB
A H] ) Roger Wood 7E #f it s 44 AR K& i gFt
HH 2014 4E 8 A A EAFIHER 2R E R 8 TB i
SMR ### Archive HDD"* 2 J5 . SMR i # A JF I
HEAR AR B B2

BREAGLRBEA B R XA R A XA 3 A% B K

IR —FHOET B R O 22 B R 1E % (inter-
laced magnetic recording, IMR)""™ il 4 77 ik 3%
AR B T LA 1S B SMR B & 1Y A7 fif %% FE Al
BEHLS PERE. H AT, IMR B 88 A i, Tl 7R
SR G AT X H R Tz WIS AS SO A S
SMR FARMFFE PR B FE At L 42 RSk X IMR $2
A EIBEFETT 11]

1 ERAFEIEREAR

B PR 10 57 150 A R 5 AR A 1 18 152 TOU A% B0 A
— R AT ROy H B T BR TR MG 2 TA) A [h] B
PRI 384 001 1 258 1T R 7 4 ) R 1 A5 00
e FE R R FE R AT LAGK 3] 2~3 Th/in® L 3k
T A2 il 5 B PRSE B B0 T AT LK I 4 T ik
EENIbRER Eaa e
1.1 SMR #EREREN

ERREEEA 2 D ESk . — T E RS —4
P 3 K dhe . 38 W 5 RO P RO T B SR A 3
AT 55 S PO T2 % Sk 28K A 1 a8 119 9 8 A e 2
HEREL B EE — B M 1 PR, A, ik E g
I8 2 (8] 55 27 AL — %E 1Y % 4= [A] Bt (guard space) . fif
PR 9 5 A 23 3w Bl 4 2 A 48 8 IE P
Kt

E Track N
Guard Track N+1
Space
Fig. 1 Magnetic recording track layout for CMR
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Track N
\—(W T:::kNH | o stent cache, K~ media cache) ,STL ¥k B EHL
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TackNil | (1) WAL S 52 1 28 A A5 35 A B AE T L W U A5 35 A B 17
rac

Fig. 2 Magnetic recording track layout for SMR
Bl 2 & B CHE A 0 8 A R

1.2 SMR ##HES MK B &

T30 T S AR AT LA el A5 2 B K A8 1 )
U AB B H R DUAREE BE LS B 4 e 1 S AR .

WK 2 Frws, AR s — g iE By 8diE T L
PAE B B, Q0 2R A S ARG T b A B U
XTHT A T G (downstream) |- B 5 48 47 &
53k 0 N o 5 G Sk A P2 X
i IR STEM IR € TR R0 2 N R I i N i 2 B e
AR i 5 W R R 9 T A REGE b R B
LB NAE B MO AE 58 iU T R8T WG E b
(BRIl BRI — A BB AE BT AT 2 K &A1 1)
B 54RO BRSO R TR S R AL
TR S R S R RO K.

TR AT RE M A EE S K IR L R
SMR 6 % 1 6 38 4] 43 Ry JLAS 86 3B A (band) ™, &
AW TE AT A 2 RS R B S R R TR A
5 T Z AR — S 1Y 42 A 8] B 2 4 A) B Y
B B U BN O UE — S RETE T TP R R — S REE Y
HHAEAS TSR T —DREE e 1A iE
B EE B AT SRR BT LUK A G A B S
R 1) 730 R ) A A e 3 el P T AN 2 52 W) 1) HC A 1
TE T R
1.3 SMR#EWEEAR

1T SMR G £ 7 1) T 1% Gt 1k 35 00 45 5k 45 44
Sk HHEAT G B ) 5 8 T O B G A ke LU
BRI, HHEY S T 3 M AE) SMR: #
#4531 7L SMR (drive managed SMR, DM-SMR) ,
EHLE #H L SMR (host managed SMR, HM-SMR)
LK F LI 4 2% SMR (host aware SMR, HA-
SMR)##%1

DM-SMR &2 T i 2 SMR # & 5 HA R G
AHEFEAS £ th ) — #8307 20, % SMR 14
PR BN BB @ it I — 2B LT SSD N A7 B
¥ 2 (flash translation layer, FTL)PY [y # {4
JEETE S FE LR Ge B R SMR R A 1 P98 45 A
A K B 40 7 T BRI 45 3203 2 PR B B e 2

(shingled translation layer, STL)E"%,

7B R S8 A R I 0 3 T R (cleaning) #4544
B 5 0] 2 AH N A B Kt B — A R
gk (logical block address, LBA) % i g 4y 7
Hedth ik (physical block address, PBA) [ &} 3¢, 1]
FALSCHE ZR g e P AR R A — N R PR LBA sk
23 (8] Ko bp o 1 B 11, DA {45 DM-SMR % 4% 7]
PIMEAESE 1 HE SMR 4 —F 5 EHLR G H. M
To A b2 . AH =, Bl A B A A2 R, STL
ety s I DA R B T R R A AT STL AR 15 8
KBRS O R T A Y R AR B

PR b vE £ 4H 21 (InterNational Committee on
Information Technology Standards, INCITS) T10
A1 T13 3 il w8 ZBCY R ZAC i ™, SMR
T 23 1) ) BRGSO i 4 A Ry 3 BB Y G X (zone)
T A REIE X 3R 7R — BOE 2L R AF S 1Y 2 B P bk s
(] A S 2 58 SCAE T 3 4 AN 0 DX AR RR IR AR
TEAMCEAE R & L.

it ZBC 8 ZAC prefik iy APL, FEHLAT LA LA
TG IE DX B R X SMIR @ 48 9E 47 48 21, LU A SE 4f
Hi PR A SMIR # 48 ( Vk Rg v J k.

Hrf , HM-SMR {4 SMR 19 48 # 4= 3k 1) 32
Bl . 38 it ZBC 3t ZAC $2 4Ly APT [ 3 AL 42 it
SMR i 4% P 78 0 B4k A )R A5 B b T % 3 XA 4K
i MORRME LBA BRI E VS5 S E R ARG |
FHL5E M LBA 3| PBA 44 (R EEwE & HIA
PR A AT . N HM-SMR K 4% 32 4 7 5 #
Ve, FURE B X 38 % 8% FR 0 Y 5 1 G X (sequential-
write-required zones) %,

i HA-SMR N %54 7 DM-SMR #ll HM-SMR
P& I IIRE . B X SMR #5195 3 — & 45 i e
i 8% it » 3 — B 4 CAE 3 WL I, X RE kAT LA R
DM-SMR FB 38 i 4 & 11 STL Sk Ak B AR T 5 4
Y, Al 346 AT LR HM-SMR IR #f ] 32 #1424t 1
WERAE S DUE T EALE i 1 20 1/ O 355K, h 58 1
A7 5 35 4R 0 4k B, HA-SMR #% 8 75 2 1%
DM-SMR JISFE R B — > 55 A A, 7 H T 42 7 5 [
FERR 53 Ry Z2 A R X 3 S8 i 38 XK O O S I
¥ B 58 X (sequential-write-preferred zones)™ .

JGE - 55 1 DX R IG 2 Uy 65 3 DT A 4% 3 Y
T 5%t (write pointer, WP), HI 3+ B T — /NIl )
HEAETES AMALE {0 HA-SMR ##0] LUK
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IFF 55 A L A T LA BRI P 5 A X T
A HA-SMR B #2045 Hol i 31 D 18 X AP 5 45
FHRTHE R BOALE  INIEL 3 i &y BT R PR E 4R
# 30 3188 N 08U 2 5 . AR R T AR 5 AR
HA-SMR DR 8 A7 e 5 A A7 i 3 iy

do R dy JT 7 o [R5 X B B BE GE IX Zo B Z, BN
SR AR A IR LS R B O e XA T
AR AR A ) T8 DX R BT A R A A 1 2 A7 R
FEAGAT . BRFAGATW T 808 RGE2S IR, 38
T BR AR AVE R BT A A7 9 B 5 A B F AR

Sequential Write

Non-sequential Write
11— —

&
R
=)

|

Z |

i |
ai) d; |
el |

Write Pointer WP
(invalid)

Fig. 3

(invalid)

Write requests of HA-SMR

K3 HA-SMR 15 4%

X 3 MR AY SMR £ A L. DM-SMR JC
EALER A B B R T 5 BEAT A& 4 Ak A s HM-SMR
S ARN R AT A A 5 T LASE W Y 1/O B3, [R) I i
AEFIRE B s HA-SMR 0l DL S £ S8R 1/O AR5

Table 1

25 JF ELAT LU F B W SMR Fre A 19 APT Sk 531
FEHL 1O Ay AL,

F 1 XK 3 A SMR (1 5[] FiAR Bl s R AT
TR

Three Management Techniques for SMR

X1 SMREEK3IMEBEFXLLE

ZBC/ZAC Media Non-Sequential
SMR Types Advantages Disadvantages
P Commands Cache Write & &
DM-SMR Backwards compatible Drive handles all data requests internally,
No Yes Allowed with all existing which creates unpredictable performance
(Autonomous) . ..
host systems degradation under some conditions.
Not backwards compatible with all existing
HM-SMR . High and predictable host systems and changes are required to
o Yes No Disallowed . .
(Restrictive) performance hardware, filesystems, applications and
operating systems.
Backwards compatible
HA-SMR Low and unpredictable performance when
Yes Yes Allowed with host systems., P P

(Cooperatively-Managed)

host issues sub-optimal commands.

best performance

1.4 SMR #EHH R
Lodo 1 Bl 5 OR RS AT 5

FBARHE SMR i £ %1 7 o g 18 4 09 77 2T RURE
B30 5 K ) A PR ) 7 A i 38 P LRIV e 2
85 O [R) B A TF 45 4R R AR R, 491 4 {8 it — 4> Rl 3E
AR/ 64 MBI 5 28 SO B 38 A N R T BR
(4 KB Bl I 5 28 75 285 59 %dle o 64 MBL O i
HRE A KB 16 384 47, T 41 2R R FH H K B9 i 1
A 5 HC 5 ) A 2 T o 7

N T AEBUA A7 A8 AR G0 1 SMR # 2, JF
HA 25 B 8 ) 1k e 42 2% . 1 J0I %) SMIR | AF 52

F2 LR O B T O R Y

SMR i #5048 5 R R o) 8 = 2 2 h B AL S
PR AE BB BB R AE R 1Y, X SMR R £ 19 B
P VR ol s B B £ A 2 A b # 7 5K: D wi
T3 (in-place update); 2) 55 #1i & # (out-of-place
update) ™, 7F — 26 SMR 8 45 M /Y % i . SMR
1l 35 25 DR BH — /N O3 O B 4823 1R) (1 96 ~ 3 06 SR AR AF
TCEE - R T TR U 1] 1 5 R0 L 3 434 R) SR
CMR 1y =0 il Z (A A &, v] DABEAL U5 7]
TR Ay B AL 7 ) DX 32207 A 20 3 43 D A Sk B
L7 n) X3
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K FH S b 53 7 20 A SMIR 14 48 2 3@ i B 5
BB B ET 0947 E T B R R B Jo R i 5
oK D% il 5 R 1) Y. e B L K7 n) X 43 Ry
—AE XS A T K0 E X8 ok 28 17 8¢
B T X R A AR AR 5T T S
AR e A7 3] E X b, B J5 78 75 2 0 PR H
G B AR A T XEL. XF E DXCBORT T X 38 5 4
HB 25 I B A E DS T Xl A 5 2 AT &
% [l g (garbage collection, GC)#EAE 3k [n] g JE 3% B9
B P s B A . AN IR W R —
LBA-PBA B 53 32 ok ic 3 %4 (449 % 3l A ) 24
HIA AR 22 56 T/ GC 454 R0 4k 4 b S5k 3 T 55 1 F
gy [26.29,3859]

17 g8 b, B 7 = ) 2 o o s e A0 T 76 1 A
T3 A AN NAE AR N AF T B G B T v i) B8 8
UG PR R ARG TE S (8] 3 A 0 6 R
A RS B DR b TR Oy U GC 4R
JC s AE 4 W 3R B X — OB R AR g R
WGBS S 2 A W58 B 1S R I R G E
BEK 5 THOK 0] g AN 2345 B0 AR 4 b 22 g , PR AT DA
SR HI 388/ IN 0 1, T 217 R 3 — 2B /N — IR 5 454 T g K%
(%) 30 6], AT i O 200 3 R 3 Y TR BT o S TR] TR B
K.

SCHRL28 J4 it T —Fh B iy LBA % PBA i ##4
W SRP AL 30 I 0 — SR TE T PN I T T
T8 TR B 1 MR R AT 43 TEE A T 2 A e S L
D 2 X6 — A 1 1 7 PN R 104 3 TC Y 1 AT R S
HE o LA ok 2 fif B4l 5 i K In) . 32 SCAE AR s 1 i
MESERN 2, - PREW NG 4 A#EiE 1,23,
A ISR R A4, 1,2,3 B 43 e G 38 . SR TR RN
SRR . & U K AT 25 %0 1 LBA B gt
N5 4 REIE I, SR JE RS 25 % ~ 5020 #6411 LBA
MLBFEI5E 1 RETE b 50 %0 ~ 75 %0 04wk 5 B 58 2w
752 ~100 20 4 WG 255 3 REIE L. X AR Y
R B A 23 [ RN T 5000, HA 5 1 /1A
M 4 wEE FAEE. A TX 2 AMERAES,
It AT 2547 5 T K TR) 8L 5 >4 2 i 38 i 1) =5[] it 23
R 5026 ~75 Vot BUHE A BCAE S 1.2.4 BEHE b, i
T L EERS 2 EAES TS L @8 LK
Bl BB R 2 S B UM — IR S
PRAE WSS 2 FNAE 4 WEIE b 0 BOHE R AR R &5 5]
AL 5 A ) B0 5 14 2 i 3 7 1 25 [R) o JH 2R Sk 7506 ~
100 Yo Bif s BT A 1 1B 1 8 AF AT a0 » B B — R 1Y
Bl BB R R AR 23 51 B 5k O IR) A, HE M R R 2 ]

WK, 54 1,2,3,4 W90 43 Fie #0438 I T 4 22
K.

SMaR T D48 1 — Fh gl Hb 5505 A1 S 07
FHZE A B TR A5 PR T 0T 5 W 32 2R FH 53 1l T 19
=0 BUR B SR VER K Z 88 5 B 22 vh X Jf
UK BB BN JE AL, BEE N TR RGN BE D I
75 ok 23 T Y AT 43 BE %58, SMaR'T K JC 250 g 18 8 it
A Ry 2 A 1) B 45 HC i T — S B A BRaiE el LA
HEAT 3R 1 TR, L 3 1% TC AK R T S T R R G AR R A8
VR RG T J » 1ZREE  TE SRS 78 o 25 RR S S e
Toi WG GC #AE ke #E 47 Jo %0 o) iy [l e, B 1 %2
4 () B 2 T O — > i 3 b L ) SO TR
IR FH 53 b 5 A 5L e Ah . SMaR T 6 4R 45 A5 A4~
1 T P e 30 TR 0K e TR 3 Sy I G R A
O FIV B8 CBED BRI R IR I 43 T — 4 A
F1%) 2 4 [R] Bt 3 » XTI A G M L2 A7 30 e B i 2>
5 K Im) RS O B A . AT e 2 s 3 TR A Y I
B4 . SMaRT w14 457 % [0l g 45 45 A AE 0% 38 25 8] i R
B WA OL R BEAT L 38R E WG B A DR B AT A
SR A 2R s 3 [l i 5 s B A — S 5 i R B Gk
J JE R A 0B AR S DL s 0 B A SR AT 7 3% [l
WK A RO B R AT R By o A TR R
FEE— & I AR 15 IR 25 ().

SCHR[ 28 Ixf i i 1 I A R R AN T Rk, R R
WEIE & B 2, (H 2 HEE SMR R 19 & fe , #
T8 1Y) TR B R O M A 2, 30 A A5 SOk P I B Y
A5 WS AL A8 A5 R AT AT 5 R B b, 78 SMaRT™ i,
WA B R S 2, WA B A — A
T I O FLAT TE — ARG TE 9 SR R R BB E
A7 50 b T . (H 2 Sk [ 28-20 10y SEUAR AT D) %L 7
T o 3 TR & S LR . A BT LBA R PBA
(e S5 ML S DL K B E SMaRT w422 4 i) B2 0, & £
A i 3 B L TR — S R L O A R D AT
Hb R
1.4.2  SMR # &4 09 PF A 5%

WA SMR 57 32 22 DB 487 B 5 1 X B HL
BT 0] R E AT W 5, T 6 /D AT X SMIR G Bk &R
ZEFME B PR S B ST ISR 0 E 2, 2R |
JZ I RE T i X 26 A 5L ) AT DL S A b ff S SMIR
1l 3%, S AT R M A 4 LA B

Skylight"""" 38 1 CRE {1 AH 45 A (1 R4 T
—Efft % DM-SMR # # N &8 45 1 15 B 19 J7 k. 3K
R84 38 5 I P 1O BRAE 9 SE 3R SR HE W DM-
SMR i #  — SV QN FE A RAF IO 2 HY 454 . R
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AINFIASE ' T B B3 I I AR e S5 Ty s A % R T Y 1Y
/NG TR A 38 4 U 38 ek — 4 v 3 1Y) A Bk R
BRI Sk A8 BT DL I R B DA B 4 BT A M
HH T 1 A R A8 [ A A e T (S AS ast AR1 AE E
oo HE W R M fB Y N B 2 . Skylight T 43 #7
R R R 25 S L AT DL Oh S A i B T SMIR i
L2 S

DM-SMR 4 £ AR T ALK U= 5 Y, i DA
7 e Skylight 3K 19 P71 5 58 K ff 25 0 8% 1 9 38
=H 0 % T HA-SMR # £ 3k 36, 3 & ZBC 3%
ZAC L0y APT B ] 55 HURE 2 i AH N 240, {52
SR8 X 52 ) L B %) H At R 3% A B B o A A
5T HA-SMR W # (A 6E R AR KIS % M
{H. SCHk[42-43 15T 5w HA-SMR % 2 1% 68 (1) —
Lo H A il A R R REAT T ORI . B nT R B AT T A R
TE X0 B KA A T AR U IR 2 0 W4 8 XY
KA DL RS 45 A D2 A7 1 BR AR B A G I R 4
P 45 5 3% W] X S 2 B0 0 K{H 09 18 X R e P g
SR A BEE A R SR L R RE LS
TR X T R BT O A R T DX e KR X — S 4
(R BR ] A B R B T — A S WL A ] 42 22 o X
(host-controlled indirection buffer, H-Buffer), H-
Buffer ZEfRUfG & b 0 R A A7, R0k | 2 hy 2
SR R B 2 A7 )7 5 4 A B R T X O A B KA
i, Al i H-Buffer S /A7 — 2L 8045 . 2 J5 # 9T
3 g 4 &, Jf B H-Buffer J& i1 B HLEH 69,
T AT LI FE AL T R KA PN A 2 ) RT3 T 1 Ak B
AE 7 ok SRR B R 000 B T B8 B L T AT L4 T
/O PERE . i 5 HA-SMR AT L3 21 K B /) 77 6if =
girp. {H H-Buffer Gy 545 A 47 45 & Rk LUk 5
HORMAE B A 1 i — 2 A5
Lo4.3 BOH T bR o s i A 5%

DM-SMR #l HA-SMR % #% 38 1 57 A 47K 8
AEARNG 7 55 454 B 5 76 38 > 1Y) B 75 22 8 0 7 B
PR K T B A7 I B 5 e B R A B FRASR
17 W5 BR A — 2 4% B8 FIFO A9 07 MR A 247
A R RS B DA R A AR S X A
1) 550 4l e [ — A W 3 Ay ) HE At 4l B () B ol
AR L B B R AT R EL A A 0 B 2 Ok L X
3 HB AT HE G I B S N AE S TS ] AH I A R G
L RS PR A A PR T — A f B B
B B8R 7 AT 0 B B BT B B kT
ok 3 9 Io8 ok R Al v O

XA I -5 (read-merge-write) $#: /E 1Y 1
PR HLEAERS , DM-SMR 19 80808 1 B T4 72 th STL A
JH v A B 0353 R ) Ao 5 8 LY« BT 23 7

N 2 G vk e s HA-SMR 0 AT LA Bl 32§18 K

f 53 BE 0 ok S8 I BUHE T BR TAE. T A 2 A
KRR A D) FHAR W I (aggressive cleaning)
B 2) W W B (lazy cleaning) Bk

TR S B J7 202 78 R G2 25 R IR 0E A7 T bR 1A
PR T % R 28 R 5 s Cidle cleaning) M2 430, 24 H:
iy T/ O TR I 3 B B2 i 2% 1k Skylight F13C
Bk 42-43 BT FE I ) DM-SMR Fil HA-SMR % H 19
H 2 PRI B O 2K 4% B8 FIFO 9 I 4R U3 B

i1 1 Bk 7 SR AR A AR B S R 25 R =
(] A ARG I A AT ¥ BR PR A — BT 4R 8 — B AR 2L 3
Fr A GAF WO 25 BUH WL 58 R A 2% 19 25 8] I A 45
W X B ) s 3R 8 J0 vk e A B T/ O R
R 77T -t 8 k24 BELZE 75 53 (blocking cleaning) 2437,

4R X A G AE T BR R 1 B S A L 3
AR SCHR [ 43 1. B4 1 B 5 ms B B4 /9 T4 72
(workload) 5. #l4n . A — A FEHLS % 4 H L AL
TNV S 1G0T AE 7380, W 38 7 A 2 A7
10 23 [] 23 B A 12 T AE B8 n ST AR PR gl #6J R
A i i BHLZETH BR AR AR (HZ0 B #52 VE 1 47 22 i [] 4
1, Hax Bem [a] Y 2 48 A ik 3B O 100 MBYs
B2 0.1 MB/s), J& 42 1/O 35 3R A i i 48 38 4k, ™

T RGNS YRR,

M7 25 PRI B =8 25 Lo BEL 26 3 B O U R
P, Rl LLFE o A AR G2 00 A5 TR I Ja) ok 2 AT B8 T
BRAAE X J5 2009 T/ O 353K B . (H 2 Qi ) — 4>
TAE S 1/ O 355K Z 18] (1425 PR I [R]85 HL 1/ O 3
SR 25 W R J7 A9 00 Feok o R B e,
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