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Abstract: Disk Array is adopted widely because of its high performance 1/0. To adapt the need of applications’
changeable 1/0 performance, 1/0 storage subsystem should be highly scal able. So DDA (dynamic disk array), which
can scale adaptively, is an ideal system. The key technology of DDA is its data placement algorithm and online data
reorganization agorithm. The main contribution of the paper is: first, a detailed study on DDA data placement is
conducted and a new placement method, D/H, is presented. In D/H placement, the space in DDA is balanced after
scale, and the reorganization cost is minimized; then, an online data reorganization algorithm based on control
feedback theory is provided. With this strategy, the reorganization in DDA does little impression to the system QoS,
and under this condition, data reorganization can be accomplished as quickly as possible; finally, simulation results
show that Online Data Reorganization based on Control Theory is useful.
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AR TR L R IR S A 48 B D 0 T S AR AN B A R AT IR, TR - H 1 0L, qL o Flb g, H R R R
X
Tafy,

4 fRIULIE

T ANRESR B DIH 4345 10 8h A8 BFEFA BT, BAT R AL 77 20, 05 B — AN RE 4 ANRERL Y Bk 8 AR
AR . A T 1 Bt L, B AT 140 EL [E R4 1) RAIDO 25 FESh AT T 512 0 5 0L,
4.1 LIEHERE

BA@E T E T IHFARTF BRI AR 8% 3 B HE: 7128068 % (ClientWorkl oad) - 3 B %) % (DiskArray)
RS e 4 A (D SK) . 175 3R 7 A AR — 2 47 B 77 3,7 2R 11O W5 3R, 1) 8 B A H S B BE AR B DIH WS 372, 4
R R R SRR e R N U 2% T2 A8 B 0 A 7 R T, 4 KT S R A 4 S B DB A AT U T TR
B BEAT SRS T, A B SR A5 B 1R 2 ) i 1 SR R QOS W 100 M A A A1 5 S 8% R VR 2 1) 17 SR B AN WA X B AT
A IR sk b 22 A4, DL FCFS(first come first service) iRk 25 A 41 i 3K, 3 (a1 45 AN 26 s =k 4 9145 110 itk
.

PR, L R i B B TR B 0], AN 2% £ opu,cache F1 2R A5 i 11 52 1.

TR H B SU KR 256K 715 B 5t A2 0, B3040 40+ LL—A™ track K/, L round-robin 77 Sk HEAT
DIH 4545 A (1) 2085 BEd R I A P 2 — A track AT TR B S50 1448 Quantum Atlas 10K
73.4GB, S H IR 102N T ) Bke WL, 7EASTHRLAE i B A8 1 B AN BETE 1 /N kS 256K B, I HLHUE A (1 1
1R 2 A2MB/S, AN RE AL V) PO RGIE 5 AMRETE 22 0] 1Y% ).

HRFDL 38 HH i 28% 1 17 SR R 55 I ) SW A 455 T I A)  ERE BF T) R 500 A A 1) e B8 1 B At e T
SU K /INBR BATR 6 A58 % 58 2,06 Ig e it 1), 07 ST £ 38 A7 M A, — U JE T trace (1, 76 G2 S b A 14 R
IR ANAS S —A track, Az 45 IE 25 SR N, 75 0B R Sk e % 2138 SR IS 46 B X, AR 05 A BE L IRCEICHR, IR1 0, 7 1 4%
L BRATTR O 3 5 K 5 I 1] (6mis) 2 7] 11— BE AL Ay b 28 57 80 P il Sk g e ot TR AFLAZ Oy T 48 s T A 0%,
T SR AR B IS, SR 35 SR 1 BB T Ak 1) R A T B B 1, IS K AN B S TS ON H B R R R T
A RSB T SR A track-aligned U i, 78 IS 9 8 P DR A 1 SROK /N S SEANRETE, BT LUBIT A e e s T 48 2 1, 3
AIAS % RE g i 1] C181; 5 3, 338 I 1) SR FH] SR [19] F 10328 488 i %
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0, ifx=0
Sek(¥) = 1 VX -1 +(x -1) 4, ifx =0’
ab ¢ LN A BT
a =(—-10minSesk +15avgSeek —5maxSeek) /(3,/Cyl ),
b =(7minSeek —15avgSeek +8maxSeek) /(3Cyl),
C =minSeek,
Hr minSeek,avgSeek,maxSeek il Cyl 437l %& head switch,average seek,full stroke seek FHis £ 1 K AE 4L
Table 1l Disk parameter in simulation

F 1 BRLSCRRIN M #A S5

Disk model Quantum Atlas 10K Il 73.4GB
Cylinders 17 337
Total tracks 346,740
Sector per track 301~528
Bytes per sector (bytes) 512

Head switch (ms) 0.6
Average seeking time (ms) 4.7

Full stroke seek (ms) 12
Revolution (rpm) 10 000
Mediatransfer (MB/s) 31.0~42.0
Year 2000

42 GIEHRE

BATI T B A PRI 3L T trace IKRISE TG L0021 Trace /&2 —L£8 R %8 L1 11O J3 41, R WL SE Br it —
S Yl — LR trace BT — o SR R, AN B S R I AT 11 97 28 AR 0 R ) AN i 7R 4 I I 9 R ) B ML AR A
RGO W AEAE TR 52 Jr A 0 g A TR T g o, B T T3 MR — 52 M0 B WL A 2 ) i 32 K £
AT AL,

S AL trace [ 51 2% 2 MU sprite tracel JEAT (1.4 sprite trace® )ik sRACSE, 1 hy 1% 4 2L 8% (1% ) i
By N AP, 3 SR 7 1) R AN 2 DU 3 S8 AR % trace 031935 K4 open,d ose,del ete, make
link,set attributes %5 iT 5 (1) SO 84, AT R AL 2] Read, Write P K.

T34 A 2 i B MPEGI A% 2 (4M b/ s) LA sst 75 1) 175 DL HEA T, %5 7 it 175 SR 1134 I [ iR A Poisson 43
A3 5 7S IR U 7] ARG 4 121 7118 (256K B, Track-alinged).

4.3 BT

FEAT B T IX PR 0 28, AT E QoS-guarantee (17 >k i M IR ] RT 2 0.5s, HL & QoS-guarantee LV
[P K 2R3 s 24 0.001%.

Sk KA B T 50,0156 T trace 107 EL(REHLT-1E), AT 19385 5K IR 45 % 14 93.6,Q0S-guarantee
I 0.91;1M X -4 B 47 285 (Track-aliged i In)), AN R3S 1K 18 =Rk IR 45 %% B 24 93.5,QoS-guarantee i ¥4 0.92.

T o Ao NN A4 8, FeAT1 R FFEAHIE ) 10 A RAY: I R) B A AN RAE I (R B R Ls IR 17 D0 kA v
44 KEEER

FESEIG AP JRATT EU AR T P o BEAE 14 £ 2 B A4 5 [F 52 % U5 F A eager J7 1. 1T eager A4 R ] 0.2-eager 11
0.5-eager.jX 1L x-eager fe 4, {E F AL TL e P, R3S B IR IA] P 28 9422 1 8 1) B A 428 T Y A B8z IF 1] o 47 o)
i 10 T AL BEDR AT 2 2 F R B T A8

FERLAU A T AL 2 IR AT D’J S5 1,00 SRR S IR 1O Vi i) AR T I A R R AT TR M (—E
), MG IR 4 8152 Y AR e 3 ) i 3R [ A 1) IR 120 0 2 5 A9 RS 1K) IR e 28 2,8% 158 1
5% i 11O BB 1 B R LAAR, e T4 BEAR S 1510 T 9, A B TR TR 2 1R A A 7 A R T A R T
x-eager J7 i M LA 7 13 4 7 AR SR ( F A TR

PiIECAE MBS el T, DU AL IS [R) AT QoS 13 . FRCA IR ) 2 i M B A T4y 3 B4 45 SR I (8] BE T QoS
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FH E ) S (045 S R 203 SR A 4G SR AR AR R A ) I R A % 7 i i SR b 2k sk (miss: deadline) i H 5
SV 1 SR A H LG AE.

SR AE AP 3 FE 4 ProRch TR R B Th 253 TSI (0 7E & R 75,1 Th2 245
0.2-eager Jj1%,Th3 j&45 0.5-eager J7i%. [ 3 I 4 (W45 JLidad 4 Vil 5 (1 P4 MH. X 4 2 T8 I (8] A HLTT 4R
[F)ZF 2000s, %5 6000s,%7 10000s 1% 14000s i sh&d JE—IKk.

Kl 3 s T sprite trace ¥ B R I- L. BT 1] 3(a) mT 40, 45 I B 18 S 4 v 1) FE A4 I [|] 3¢ 2D, 10 0.5-eager J5 VAR
2.,0.2-eager 515 1) T KA I ) g A FRATTIA by 3 A2 TR g 300 ok 4 1) B8 s 15, B 1 L mT i b R ) 2 PR 0% Rk AT T
ey pH P 3(lo) M 400, ek 44 1 8 D VR V01 SR R R R B /)N, 0.2-eager YR, 1M 0.5-eager f 223X 1 W, JE T i B i
SAG IR B (1 7 v, AN A% iy FE AL R0, 1 FLRR A% fR B i 5K QoS.

Based on sprite trace

Based on sprite trace

- 10000 The g
= =
E g Ths
= 8000 @ 02
=] —
= £
N Y—
= s}
§ 6000 -
§ Th3 % 0.1
“ 4000 Thi ] €
I o Thi Th2
2000 [1 0 - [
(a) On-Line reorganization time (b) Probability of request miss-deadline
(2) 72 5 A I (] (b) WEREHHE
Fig.3 Simulation result based on Sprite-trace
Kl 3 LT Sprite-trace [F L 45 S &
Synthetize workload Synthetize workload
7000 1
— Th3
D)
g 6000 ] g 08} 4
,é 5000 ] 3 osf |
N g Th2
é 4000 1 5 04l i
3 2
14 =
3000 ] ig 02} Thi 1
T
2000 0 .
a) On-Line reorgani zation time (b) Probability of request miss-deadline
(8) 7ELE AN ] (b) WHRRME

Fig.4 Simulation result based on synthesi ze workload
Bl 4 JE T B MR 5 L 8

BT AR ERTEWE 4 FroR(Eses b, & sk & P i KRR 4 ). BB 4@) v %,
0.5-eager J7 2 1) T A I 18] g /0, T 66 T R B8 7 921 I 1RT YK 2,0, 2-eager T 9% 1) TE IS IR) e 1L 5 00 F 78 4
AN B A8 T BB 7 P i 4 SR AR LR AT R G AN I R, B F T EE A 1R 8 U A S AR 2, DRI S W T4
B 5 ¥ (10 A T e AR A2, A B FE AL HEAT B 1 0 (1) 5 4 7R HH 8 40 87 380, SR SR it B 1% % 7 i 1 SR gk,
AT i bR EE AR S E . ph P Al mT 400, 44 1 B0 (¥ J7 VR (1903 SR R 3R /N, 0.2-eager 7774 (1) QoS A ELAR, 1
0.5-eager Jjididp 72, 1 3K e SRR T .
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Bl 35 & 4 1) s 00 &5 L A 22 00K BT A & Al 22 il 2 ok 1T %% 7 i 1) 47 3R AN [+l 75 Sprrite Trace
1 R RGeS SR K B R A R AR RD 3.25 AN SR, ISR 19 T 9K 5 4 4K B. Sprite Trace 1 (134 KA
G A T B ALK AL R 8 T I B 28 88 ] FH Ok 5 A1 1) R USAR 22 T Al S R K SR R I L P28 T RS
A PR 7, P T 210 0 5 /b, DAL 6 T 1) T4 N P AR K @) % s AR T A A T 1 S AN [
@ 5 vty F K (Bt B3t Sl A [R], 45 S tegas ol ek, SR D 8 e [ U ASS 20 000 110 o Aff P2 56 A ).

PRSI0 U T A B S i T () 7 R A AL R R QoS A B AL AR AERT TR R ] 2 TR B
VEASE R0 000 i 10— B ] B3 1 7 7 ity B AL F) 97 SR S N5 00, A — 8 1 8 22 A ST 3 o BATT A i IO, T B 2k [l
VSR R) S st PN 7 2~ P 7 T SR A o T B2 1 7 i A N 8 TR 359, 5 S s (4037 SR A N A 00— 1% 22, A
9 22 LK W I AN A T AL JEE R QoS ik B Ak A i) A, 7 DK (AR S 56 v A T A I AR M £ B J5 oK QoS
Guarantee [F1i# 3K K% s /T 0.1%[K 2K,

5 #£RiE

oI T REE N RGN 1/O T KA AR SRR IK Al 5™ ek 55 R sl AR BT 4 )32 (0 N AE R s A 8 K
T SEIICE R (K i, 00 20U BEAR U (1 B4R o3 Al SRR A 4 A SR AR MY R S W& b R R — P
Bk, FE AR AT I 5 RS XA X 2 1 AR ZE 1 QOS LML/ e, AW SR T DIH Bt 3 A SEA A
T4 M B (10 75 2 TR SRS BE 9, DIH 7 e 5 5t 0 Al SR REAL ™ JRE T A 245 8 1A 1 R 57 281 i P ik 3
AT DIH Hodla o A, b 78 2k SR SRS HEAT A0, SIC 00 0 1Y, ik T 7 1 BV () 7 £ T A4 S BE A R 4t
QoS 12 2 H AL 18 B 1k BN AR

(ELR L T4 ) BRI 538 DG B R T 2 i N B AT S A5t TUIU i i 180 95 0 AE A T mp SR e [P U A 2,
SR W A2 K TRT 5, 5 S 10 8 i B I DA R 2, AT AN REAS BB R I S 2R R — b AR # 3R
HERA TR S 5t R 25, 18 TR 3 2 fpe L.
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