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Abstract

Recently, Solid state disk is mainly used because this device has lower power consumption as
well as higher response time. But it features higher price and lower performance at delete and
write operations compared with HDD. To compensate this defect, Hybrid hard disk with internal
non-volatile flash memory was issued. This NVCache is used as a kind of cache for disk blocks. In
this paper, an I/O scheme for H-HDD is proposed for improving low power consumption as well as
response time. Our method is to use this NVCache as read cache mainly and write cache when
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write requests are concentrated. In read

cache

operation, disk blocks with higher priority

determined on basis of time as well as spatial localities are prefetched, which can improve response

time. The write operation is conducted only at write peak time as disk spindle up costs higher

battery power as well as response time. Experiments results show that the suggested method can

improve response time of H-HDD and lower the power consumption.

» Keyword : Hybrid hard disk, prefetching, caching, operating system
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File_Prefetching()
{
sort Fles_Priorities by Files Reference_Count;
if (NVCache_Available > 0) {
while (MAX_File_Prefetch > 0) {
if (MAX_File_Prefetch ~ File_Size > 0) {
find location by static wear leveling:
copy target file to NVCache;
Max_File_Prefetch_Size —= File_Size;
}
}
decrease all files' priorities by 1
}
else {
find a file which has lowest priority;
flush the file;
call File_Prefetching();
}
}
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Fig. 3. File based prefetching algorithm
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Block_Prefetching()

{
if (disk_Queue_Size-disk_ Queue_Request <
minPrefetchBlks)
return;

1
Blk_Priority =|cel ( Z (Weight* Acc,)/ Maz Priority)
S

— Mazx Priority — 1
if (NVCache_Available > 0) {
while (MAX_Blk Prefetch > 0) {
if (MAX Bk_Prefetch-minPrefetchBks>0) {
find locations by static wear-leveling:
copy Blocks to NVCache;
Max_Bk_Prefetch_Size = minPrefetchBlks;
}
}
decrease all blocks' priorities by 1;
}
else {
select blocks which have lowest priorities;
flush the blocks;
call Block_Prefetching();
}
}
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Fig. 4. Block based prefetching agorithm

6& il—l— E—l‘/] 7H

& 29 QAR A WA

ymon camdsel BN Sl SEsel), 2 o

/\]Z_]—(/\ ﬁ 7(]0:]7\]7]- + O],] = E‘j]./}l]]}\ Z_]_')
NVCachedld] &7 B2& ¢lod H&
DL & E58 T3k etk

=T
Spin Up Time + Average Seek Time
Trans fer Rates Per One Blk

minPrefetch Blks =

ZIIZ\_]
AverageSeekTimeS Tl2= 3=29]
21 TransferRatesPerOneBlke 3 225 w2
&3k H 28l Al7ko|t}h Seagate Momentus® XT9)

- 299

(MelA SpinUpTime & ¥4y X]?j}\]?’drol

&=

al

i

Z
Al

7

AAAZEE 3secoldl, Hi BAAIZES 11mse]



28 R TR M REE G CEE(2011. 10.)

TransferRatesPerOneBlk & i 0.06/mso|2=E
minPrefetchBlks + 44,940 7lth.

whek 237t g7 Pdeiv FasdEls ofda fRdElR]
ASE 2WUEL TN H2IFE=E  tracking,
floating, parked®] Al 714 |2 FEECh ©] AJEolA
SAFUEY] HE Al FEEARIe] 247t 1lms, 16ms,
2ms 4 A% 72 25 F83H minPrefetchBkse 2
7} 164, 223, 2097)1¢] E-Zo]c}.

ldle ToActive SeekTime . ...........ccceeeen. ©)
Transfer Rates Per One Blk

O 4e W] Anl gaElBelt Y3l
minPrefetchBlks2t} Zchd  Auiglo] Asiect  Aule)
g E5S AAs) Y5l B2 AEHE 2gsk=d)

minPrefetch Blks =

0 A9 pr AGAE w3 A9 H)
T A7) YRS = WE Akt 194 WY A7k
% XLZE]T(Acct AL 7+ &3EdE =X
(Weightt) & Atet] 7FXe thed) o] A< F=x7t T

AR A% 1A glo] B AR theel 54 (It 2k

Weight, N &)

w
o] Holx] W 2% = sjele] Az Al ol
Ao Ao 245 urh Y olde WP 4 glont
S 2ol & NS 02 JE9, B

o o] 71EXE BE Y=o el F31A =9
7]_ lx:_EL __im_ri h:._g 71-0] )\]\ggq O] %}\_E
MaxPriority #e2 Uro] 3z Wgrl o BZ2o) Hu)
S0%9) FhOR 54 ()9} o] RejHr) BEeg] Auk)

N FHARE Y] 8-S nHste] FH o] HEHS

Hg3je] B NS 2P

ceil( §l] (Weight,* Acc,)/ Maz Priority) — Max Priority —1 ====weeee @)
t=Ww

NVCache White(blocks)
{
if (Disk Queue service state is peak &&

Spinde is Idle, Stanby, Sleep mode) {
find location by static wear leveling:
write target block on NVCache;

}
else {

write target block on HDD;
}

}
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Table 1. H-HDD Specification
Specification STIR020AS
Capacity 320GB
DRAM Cache VB
Spindle speed 7200(RPM)
NVCache 4GB
Stanby to Ready 3 Sec
Average seek 11ms(read), 13mslwrite)
frack to track seek 15 ms
Transfer rates 1.23Gb/s(internal),3.0Gb/s(1/0)
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