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Abstract: By increase amount of data, it becomes to have difficulty in performance design and data place-
ment to the appropriate tier by the hand operation. This problem begins to be solved by Automated Storage
Tiering Functions. As for Automated Storage Tiering Functions, the small pieces of data are automatically
relocating among the tier by access frequency. This study examines optimization of the data relocation in
Automated Storage Tiering Functions. Specifically, we suggest an algorithm to give priority to data showing
frequent access, and to move while considering the capacity of the tier and prove the most fitness. In addition,
we compare the HOL method in consideration of FCFS method and priority with the data copy process as
scheduling method of the host I/O process. We show the behavior of the host I/O response of both by the
queuing analytic model and show that HOL method is a dominant method. Furthermore, we carried out
simulation by the real environment I/O trace and confirmed the effect that could reduce mean response time
by data relocation quantitatively.
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Fig. 1 Overview of automated storage tiering functions.
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Fig. 2 An example of storage architecture.
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Table 1 Elements to decide a service time.
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Fig. 5 Relocation process (Promotion from T2 to T1).

FEOWED KT A4 THREBZFEN100%E %5 &, T i
OB D 3 ¥ — % E#fbTE v, LA, 2
V—dEORALE 1, HEORBORA N I/O 2Bz
HBRTOFTA THREEFENEZDLILETH 5.

HIEEE 41225\ T, HIHERE3 Ta¥—@EEL KM
EL72wS, a¥— %@ ICEESELILICEIDKRAL
/O DRFNT A 3% b Behdb., £2T, AA L
[JOLa¥—i2Xb1/0 Ay a—1) 7 (FCFS E7:1%
HOL) ##atd 42 Lickb, HIHEES 2z LoD,
RANIODRF VT 4 2R ESEL I L HIEL T 5.

NS OHIHEZEZ THERR D ER TR, KL Tl
7= ¥ RGBT B FEATR— D EIRONEF el (il
HIE1, 20%EH) &a¥—moREit (HHEES, 4
DEH) 12OV THRRS,

4. T2BEREBICHIBIETR—IVBRDIE
F &t

ARETIE, TV HEBEICBIT A REE — VR T L
TYALZREL, ZOLESME (HIFEBEEL1BLO2 2
729) IO WTEHHT 5.

4.1 EfNR—TVEROIEFR&RECT7IVIU X L
KTV T) X8, DTOREICESTTW S,
URTE 1] 2R (T1, T2) DRI THEREIRET 5.
MRE 2] HEEESICKZ NI/ OFHIZED S v e K
ET 5.
MRE 3] FEERBEO T1OKRZ N 1/0 12 & 5B
ERME UFr 22 W ERET 5.

VALK ), SAAEMEE 2 5720, KFILTIE
Bl Q@O — A 2R ET 5.

g 2] 122WT, EFIV ETT VT XL O
REYE S 2720 Ch b, 72751, 68T, £1/0 b
L—2%HwiyIalb—Yary2EmL, —ikma
DEALD T — ANZDOWTHRIENH D Z &2 RT.

R 3] 122\, T1 HEZEABIE UFr B2 T
YA (TL25A vy 70E %) ETL OBHBAMR— V% T2
~ Demotion T 25DV RFETH DL E V) 7 —AHDBGEEL,
TNT) RANHHEME 2D, 72720, T1 oMo R
WRZ 47 (SSD %) THNE, TI Ay 7 ehbir—
AT T, FHDEMEL 55 LR 720
T1 OHERIIEE UFm 2 R0 ERE L.

s 4] 1I22oWT, —fIlZ T1 OFE &L HE L T2 0%
HEE~ Bt b, T2, T2 ORBME L 2 50
IZT = NVEHEERT 00— TH L7290, FBHITEM: L
HAHZERFCHMT, T20RF=ETodY, BEO
IR LW EIRE L.

g 5] 122V, BB UFp Ok &) Bl %
R=VEEOHMAEE NNy - 2B L L) LT HE, TS
PICEHE I A FAIEFICE V. L Lad s, BENRE
AO#MPETIE, FHLTWER=IJHD 5%, RIKT
b 1 R= V5 OAMII RO AR I L TERE DI T
HAREONR=THE T VHTHHALTWA Z D% W0
720, ZOEMEMREL.

X 612, FTR=VERT VT AL ERT. K6 D
ETE, TIBREDOZEEDNH L (T1 OR— IR O
M1 EDD%w) BET, TI OBEXRIZO L) FHL

URTE 4] T2 0FEITTHHLbDE L, BEOMBIZSE (T1 OR=Y TEDT/O $E F OREHE Fry 2535 25T
AELBWVERET 5. B UFr DETIERWEE), T2NTR=YZTEDI/0O
MRE 5] 1 X—=YH72h) DAMIETEN— T DREMITH L DD BV — T % T1 12 Promotion 5 2 &£ /R LT
THalhnwiliEs 5. Wh, 26 OATIE, TLEEDEED 2 WIEEDOT)

e 1] 122w, BEofz 3 kedase, 7T

© 2013 Information Processing Society of Japan

edobbl, T20RKLH SAMHOKN T1 D=8

1598



BRIEF w3 G Vol.54 No.4 1592-1608 (Apr. 2013)

LooP {

THEN demotion (i)

IF (Fy+ max(Fjerz) < UfF;) A (€, < 1) THEN promotion(j)
ELSE IF (min(Fiell) < max(Fjer2)) A (€, == 1)

ELSE END
/
mE® T1 T2 ®AE#H mE#® T1 T2 ®AEfF
j j
B |
! STIDEER -
Lot TIREEIC '
A EaH
—>Promotion
TIDEEHE
P iU BRR T
LR s Demation L
K 6 FAT—VERT LT XL
Fig. 6 Execution page selection algorithm.
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Fig. 7 Action of the execution page selection algorithm.
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Ant2

x2 LTOER
Table 2 Definition of symbols.

5 F—1/3
A I 14 5% SR B R
w, BREp DFEHHFLERE
S’ H—EXEBD2RE—A2
0, T2 BEEBOREE
S, T—2BEEDFHY—E XM
Oy AR L 1/0 DREE
Sh KRR~ 1/0 DFEHH—E RBFH
A AR+ 1/0 DFEHEIFR
Z, F—ABEBODAIL—Ty b
BEEOEHLARIR
dry BEEO FS4 JEH
O | BEBEORR F 1/0 DREE
STx BEEOT—2BEEDFHY—E XM

T, UTICAz2RT.

§
25,
X I3KARI/ODF 2 — LD 7 T2 MEET. £
72, Y IHEEED /0O OF 2 — FOFH) 7 T MLk E
. 22T, YIE, a¥—-1/0Va7n%EEZ1ELT
WL, AKTL1THA, S5, BREN T —EX
FATHTH LRI p, THDH0, HFREOD /0O ¥ 2 —
FiZHoiER, 2TV FEHY 72 AMRIZY =1—p, T
Ho. SHIC, VMVORKLY, X =W THL720
INLOREMRATELE, UTORXEES.

Sp?
W = XSh + YSI + LPhSh + pw'S'r'
29,

S,2 52

(1 - pr)Sr + prTST + phE
(1= pn)

KEFWIZBWT, [RE2DA ML —I Y 25 L DR

b, - E AR E —ESH (55 = S,) LUEL, KE 3

2L KT A4 TORBEDHMEFHRED 1/0 12 & Y584
IZHVED (L=py+p) EBETEE, KREBOFT A

W= 2)

© 2013 Information Processing Society of Japan

Tierl -
}\ /D(l Priorif ity Queue _ =
htl mbug

I Sm Ant1 /Dt1
L |
" ]
Job

Priority Queue

. - ?ﬂﬂ%ﬁi}
Host 1/0 r _ T
An Job L. - 1

Antz /Dt2|  friortyQueve rDnA

Anr2 F% Sm2 ’T Ant2 /Dt2

| T
T T
Copy I/0 J
(%" ]

9 HOLIZX21/O A% Va—1 ik
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Fig. 12 Timing diagram of the data copy process.
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Table 4 Cache hit ratio of trace data.

# | FL—X£  Read ReadHit % FE Write 5
1 | Financiall  23.09% 33.07% 27.47%
2 | Financial2  82.29% 20. 95% 60. 61%
3 | Websearch2  99.98% 0. 05% 99. 00%
4 | Websearch3  99.97% 0.07% 98. 73%
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Fig. 13 Access heat map of trace data (Financial2).
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Fig. 14 Access heat map of trace data (Websearch2).
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# ;L —X% Tl 74 (1)LBA (HOL) (2) Prio (HOL) 3) BBEWF LBt
(FEE P EIREZET) 2)/(1)-1
1 Financiall 5GB 51. 9% 54. 5% 58. 6% 5. 0% 0
2 25GB 93. 0% 95. 9% 97. 3% 3. 1% B4
3 Financial2 5GB 52. 0% 54. 3% 55. 4% 4. 5% HEN
4 25GB 90. 4% 91. 8% 92. 8% 1. 6% #n
5 Websearch? 60GB 67. 2% 68. 4% 68. 4% 1.8% Hahn
6 100GB 90. 3% 91. 1% 91. 1% 0. 9% B4
7 Websearch3 60GB 68. 5% 69. 1% 69. 2% 0. 9% H3m
8 100GB 91. 0% 92. 0% 91. 8% 1. 1% #n
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Fig. 15 Comparison of the T1 hit ratio by host I/O in relocating.
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# FL—X% T1 BIEFD N1 710 FEHLIANR X (PEEIERR) TFroiE Dl
##&  (1)FCFS (2) HOL Hg 1-(2) /(1) (DFCFSCEFV) _ (QHOLCEF V)
1| Financiall 5GB 5.90ms  (14s) 5.45ms  (14s) 7.6% HIJEE 5. 74ms (102. 8%) 4.0lms (135.9%)
2 25GB 2. 14ms  (47s) 1.96ms (47s) 8.4% ¥k  2.07ms (103.5%) 1.68ms (116. 4%)
3| Financial2 5GB 6.66ms (18s) 4.79ms  (18s) 28. 1% M 6. 12ms (108. 8%) 4.08ms (117. 3%)
4 25GB 2.32ms (51s) 2.04ms  (51s) 12.4% MU 2.48ms  (93.7%) 1.90ms (107.2%)
5| Websearch2 60GB 11.91ms (161s) 8. 24ms (177s) 30. 8% M 8.42ms (141.4%) 3. 76ms (219. 2%)
6 100GB 4. 11ms (127s) 2. 15ms (128s) 47.6% BB  4.26ms  (96. 4%) 2.0lms (107. 3%)
7| Websearch3 60GB 6.04ms (115s) 4.28ms (119s) 29.0% HIJE  6.17ms  (97.8%) 3. 45ms (124. 2%)
8 100GB 3.19ms (113s) 2.02ms (113s) 36.4% B 3.27ms  (97. 4%) 1.92ms (105. 4%)
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1| Financiall 5GB 94. 40% 94. 10% 47.13% 47. 04% 3. 78% 3. 80% 10. 48% 10. 53%
2 25GB 95. 86% 95. 84% 36. 79% 36. 79% 7.55% 7.55% 1.07% 1.07%
3| Financial2 5GB 92. 15% 91. 67% 50. 43% 50. 24% 5.51% 5. 33% 15. 41% 15. 41%
4 25GB 96. 06% 96. 02% 37.73% 37. 72% 10. 20% 10. 20% 3. 02% 3. 02%
5| Websearch2 60GB 85.91% 81. 18% 71. 45% 70. 06% 32. 95% 33. 00% 50. 04% 50. 60%
6 100GB 98. 63% 98. 40% 36. 52% 36. 44% 42. 65% 42. 65% 13.95% 13.89%
7| Websearch3 60GB 93. 13% 90. 92% 61. 54% 60. 56% 22.11% 22. 04% 32. 82% 32. 71%
8 100GB 97. 68% 97. 54% 36. 15% 36. 08% 28. 98% 28. 99% 8. 36% 8. 36%
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Fig. 16 Comparison of a drive I/O average response in relocating.
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# | rr—x% 1T F O ()EFE QREER OEFEEH WDEEF 7 7
B (FCFS/LBA) (HOL/Prio) 1-(3)/2) 1-(3) /(1)

1 Financiall 5GB 4. 20ms 0. 63ms 0. 63ms 0. 63ms 0. 1% Al 85. 0% FHill it
2 25GB 2. 18ms 0. 15ms 0. 15ms 0. 14ms 2. 3% Mk 93. 2% MR
3 Financial?2 5GB 12. 08ms 2. 60ms 2. 58ms 2. 56ms 0.8% HilJE 78. 7% Hl¥s
4 25GB 2. 55ms 0.57ms 0. 56ms 0. 53ms 2. 2% HIk 78. 0% MR
5 Websearch2 60GB 26. 88ms 6. 87ms 6. 23ms 5.67ms 9. 4% HilJE 76. 8% HilJE
6 100GB 1. 22ms 1. 10ms 0. 95ms 0. 83ms 13. 7% HIk 22. 4% HiJE;
7 Websearch3 60GB 4. 40ms 2. T9ms 2. 63ms 2. 48ms 5.8% HilJE 40. 3% HilE
8 100GB 1. 06ms 0. 92ms 0. 83ms 0. 73ms 9. 6% Ml 21. 4% il
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Fig. 17 Comparison of a host I/O average response.
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I 5ARA (ExA)

PR 15 AR LR K& L LA s IR
ZRARE, FR1T FFRERERS
AR T, [FAEH LB ERT AL, [H
E AT HBSENFEET GH it
HT) W AHT. LR, REERFFERTIC T A
FL =YY AT LD HESE.

A & (ExH)

BEFD 52 4F BB R A% T A= R 1 i L5 Rt
. IRA 54 AERIRFERE S 13
FAE T, [A4EH L BERT At 4R
AT LBAZEMERT (Bl BEERESERT)
AP, ERERHE T, A ML=
AT LDOWFEICHER. FR19FELDY
[FHEAT 28 B SE AT PT I .

RF RiE

PR 16 4B SRR T G L
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