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Frequency and Energy-Based Replacement Scheme for Heterogeneous Drive
ZHOU Jian, YANG Liang-Huai, GONG Wei-Hua
(School of Computer Science and Techndlogy, Zhejiang University of Technology, Hangzhou 310014)

Abstract: How to réduce the energy consumption of storage sub-system effectively has gained a lot of attention these
years. The emergence of non-volatile, shock resistant and low power flash memory and solid state driver (SSD) brings a
new opportunity for power-saving in storage sub-system. However, it still cannot totally replace hard disk for its higher
cost per storage unit. This paper focuses on the heterogeneous drive scheme (heter-Drive for short) for both
energy-conservation. By considering both file access frequencies and energy cost, we propose an improved file cache
replacement scheme called FEBR (Frequency and Energy-based Replacement). We collected four real-world office
users’ file access data for experiments. The results show that heter-Drive does works well and saves as high as 70% ~
80% of energy; the extensive comparisons with the classic replacement algorithms, the widely used* ARC and the
optimal algorithm OPT show that FEBR is consistently better than other alternatives.

Key words: heterogeneous drive; energy conservation; energy efficiency; cache feplacement policy
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# 1 Intel X25-M SATASSD %
Power (Active) 0.150 W
Power (Idle) 0.060 W
Seq Read 250 MB/s
Seq Write 70 MB/s
4k rand read 35000 IOPS
4K rand write 3300 10PS
l B
R/W latency 65 ps
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Disk Type IBM Western IBM
Parameters 36215 | Digital 40GNX
WD2500JD | 40GNX
RPM | 15000 | 7,200 5,400
Average seek tir%le(mls) 34 8.9 12
Av:irage rotational latency 2 4.2 55
(ms)
IDR(MB/sec) 55 93.5(max) 25
Active | 135 13.25(Seek) 3.0
10.6(R/W)
Power(Watt)
Idle 10.2 10.0 0.82
Standby 25 18 0.25
Spin 13.0 6.4 04
Energy(Joule) Down
Spin Up 135.0 148.5 8.7
Spin 15 4.0 0.5
Time(Sec) Down
SpinUp | 109 1 00 35
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FENTS R4 H AL KA SEE ST RN
Trace 1 170197 33 4|\ 023MB
Trace 2 96578 37 4.497TMB
Trace3 |, | 73204 34 3.310MB
Trace 4 ‘ 57468 22 0.593MB
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180s; A[FIZEAEKR/DN, Z35l4 512MB, 1536MB I,
%A TRACE [REFERS UL, FEAIABLIIRERE S (AT
104)): Tracel=1426, Trace2=1227. &A1LL=/ i
B, WM TR e T R, & B wD2500JD
(7200RPM/sec) S 4hil, ikl 3 fros. #ik &,
TRACEL~2 [{ 1T e R4, Alik 70%~80%. 45y
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SSD | OPT |FEBR-0|FEBR-1| FBR | ARC | LRU | LFU | MRU

512MB [85.96 |86.28 |(86.92 [86.79 |82.49 |84.69 (81.65 (63.84
1024MB (86.99 |86.90 (86.99 |86.88 |85.51 (85.54 |82.27 (70.28

1536MB |87.14 (86.99 [87.06 (86.93 [86.60 '[85.98 (82.27 |71.05

2048MB [87.14 (87,00 - [87.04 *(86.96 [85.74 (86.13 |81.82 (68.99
(@) Trace 1

SSD OPT |FEBR-O|FEBR-1| FBR | ARC | LRU | LFU | MRU

512MB [89.50| 93.04 | 92.75 [92.48|85.18|84.10|76.96 | 66.75

1024MB |93.34| 94.12 | 93.02 |92.68|89.21|89.18|84.36|69.46

1536MB | 94.28| 94.25 | 93.88 |93.24|92.27 |92.37|86.26 | 76.45

2048MB | 94.72| 93.93 | 93.87 |93.01|92.67|92.96|89.64|77.73
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(a)Trace1 512MB (b)Trace 1 1536MB

104 108 60S 1808 104J* | 10S | 60S | 180S
OPT 315 354 421 OPT " 312 | 349 | 414

FEBR-0 | 316 | 355 | 423 'FEBRO | 313 | 351 | 417

FEBR-1 | 314 7| 332 418 FEBR-1 | 313 | 350 | 416

FBR' 315 353 420 FBR 313 | 351 | 417
ARCU 325 370 444 ARC 316 | 355 | 423
LRU 322 364 436 LRU 316 | 356 | 423
LFU 325 368 441 LFU 319 | 360 | 431
MRU 435 482 560 MRU 429 | 473 | 547

(c)Trace2 512MB (d)Trace 2 1536MB

10% 10S | 60S | 180S 10% 10S | 60S | 180S

OPT 240 254 283 OPT 238 | 249 | 273

FEBR-0 | 239 250 276 FEBR-O | 238 | 249 | 273

FEBR-1 | 239 251 278 FEBR-1 | 238 | 249 | 274

FBR 239 | 252 | 278 FBR 238 | 249 | 274
ARC 244 | 261 | 296 ARC 239 | 251 | 277
LRU 245 | 262 | 298 LRU | 239 | 251 | 277
LFU 252 | 276 | 316 LFU = [ 243 | 258 | 201
MRU | 354 | 394 | 458 "MRU | 346 | 377 | 429

3 WD25003D A4 AN [7i] 250 R () e ke L

-

(ms) | 10S | 60S | 180S (ms) | 10S | 60S | 180S

OPT 49 28 19 OPT 38 33 31

FEBR-O0 | 50 29 19 FEBR-O | 84 78 76

FEBR-1 | 49 28 19 FEBR-1 | 84 79 7

FBR 47 26 17 FBR 83 78 76
ARC 54 31 21 ARC 43 37 34
LRU 53 31 20 LRU 43 37 34
LFU 57 33 22 LFU 50 41 37
MRU 71 39 27 MRU 175 | 149 | 133

(a)Trace 1, 1G (b)Trace 2, 1G
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