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Abstract :

Although flash disks are being used widely instead of hard disks, it is difficult to

optimize for effective utilization of flash disks because overwrite in place is impossible and the

power consumption and time required for read, write, and erase operations are all different. One

of these optimization issues is a cache management strategy to minimize write operations. The

cache operates at two levels: an operating system equipped with flash disks and a translation

layer within the flash disk. Most studies deal with the operating system-level cache strategy. In

this study, we implement and analyse the DPW-LRU algorithm which is one of the recently

proposed operating system cache replacement algorithms to apply to FTL, and grope with some

improvements. As a result of the experiment,

the DPW-LRU algorithm maintained superiority

even in the FTL environment, and showed better performance with a slight improvement.
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Table 1. Access Time and Energy Consumption

of Flash Memory by Operation

eration

cost item read write erase
time(vs) 25 250 1500
energy(w) 0.5 7.5 40
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Input: Pno, // Flash page number <> Pno_page
Prw, |/ Flash page read/write
WR, // the working region
ER // the exchange region
Output: Prno_page, Updated WR, ER, free_pages
1: if Pno_page is in cache then
2: if Pno_page € JR then
3: Move Pno_page to the MRU of JIK;
4: else
5: if W[esizc < W/‘),s'iz(',lfnu't then
6: Insert Pno_page into the MRU of JR;
7: else
8: victim = DPW_LRU(IR);
9 Move victim into MRU of ER;
10: Insert Pno_page into MRU of /R,
11: end if
12: end if
13: else // Pno_page is not in cache
13-1: Pno_page = get_page_from free_pages(Pno);
14: if Prw == Read then
15: lf ERS-/Z@ < E]\?;ize-,limir then
16: Insert Pno_page into MRU of F£R;
17: else
18: victim = LRICER);
19: Evict victim to flash memory;
19-1: Move victim to free_pages;
20: Insert Pno_page into MRU of £R;
21: end if
22: else // Prw==rite
23: if W/?S/'Ze < ”]esizs,limit then
24: Insert Pno_page into MRU of /R,
25: else
26: victiml = DPW_LRUCIR) ;
26-1: lf E[esfze == ERs‘ize,/i/Il/t then
26-2: victim2 = LRICER);
26-3: Evict victim2 to flash memory;
26-4: Move victim2 to free_pages,
26-5: end if
27: Move victiml into MRU of ER;
28: Insert Pno_page into MRU of /R,
29: v 7 S
30: end if
31! end if
32: end if
33! return Pno_page;
a9 2. BekE DPW-LRU &are]&
Fig. 2 Compensated DPW-LRU Algorithm
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void ftl_accounting_dpw(FCACHE *fcp)
{
fcp=>t1 += I0SEQ() - fcp—>pseq;
fep—=>tett;
fep—>pseq = I0SEQQ);

—~

o 3. AA A4 hew ==

Fig. 3 Code for Accounting of Temporal

Locality
double ftl_get_dpwl(FCACHE #fcp)
{
double tli, re, ec;
tli = (double)fcp—>tl / fcp—>tc;
ec = (fecp—=>dirty) ? (double)200/(200+25)
: (double) 25/(200+25);
re = (double)(I0SEQ() - fcp—>pseq) /
I0SEQQ) 5
return(tli*ec/re);
}

29 4. DPW AR 3=
Fig. 4 Code for Calculation of DPW
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Table 2. Experimental Computing Environment

Items Specification

CPU Intel E7500 (Duo Core), 2.93GHz
Memory 2.0GB

0S LINUX (Ubuntu 16.04)

¥ 3. 8% Edo]x dolg
Table 3. Real-world Trace Data
Data Max LBA | N. of I/O

1,215,633 | 5,334,984
1,215,222 | 3,699,194

/0 Ratio(%)
23/77
82/18

Financiall

Financial2

& 4. 34 dlolE (& delgd 2= 4 )
Table 4. Synthetic Data (4 threads per data)

Data Specification

sequential read 1K~9KB, 20,000
Syn_srd times, repeat 5 times

sequential write 1K~9KB, 20,000
Syn_swr times, repeat 5 times

read from random location 1K~9KB,
Syn_rrd 20,000 times, repeat 5 times

write to random location 1K~9KB,
Syn_rwr 20,000 times, repeat 5 times
Syn_rrw read and write at random location

1K~9KB, 20,000 times, repeat 5 times

Aaze A
Table 5. Configuration of Workload

Name Combination of Data

WK1 Financiall

Wk2 Financial2

Wk3 Financiall + Financial2

Wk4 Financiall + Financial2 + all of Syn=*

i 6. s d ZdA 7] Wk (DPW-LRU)
Table 6. Real Write Count by Algorithm
(DPW-LRU)

Data WK1 WK2 WK3 WK4

LRU 756,543| 142,403|1,043,722|2,172,552
CF-LRU | 756,210| 140,663|1,041,544|2,169,710

DPW-LRU| 750,698| 140,320]1,035,297|2,160,958

ﬂ
Flash Write Count of WK1 Flash Write Count of WK2
758000 — 143000 -
756000 b
142000
754000 —————————————————
1 1 N
75000 ———————————————— T —
. Ty
750000 M 140000 —— 1
LRY CF-LRU  DPW-LRU LRU CF-LRU  DPW-LRU
Flash Write Count of WK3 Flash Write Count of WK4
1044000 — g 2175000 —
~
~ -
1041000 +————————————— 2170000 ;\-‘7
1038000 2165000 - L.
\, N
1035000 —————————>— 2160000 +————————————
LU CFLRU DPW-LRU LRU  CF-LRU  DPW-LRU

1% 6. DPW-LRU9| ZA] 7] RIE A
Fig. 6 Flash Write Count Performance of
DPW-LRU
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Table 7. Real Write Count by Algorithm

(DPW-LRU")

Data WK1 WK2 WK3 WK4
DPW-LRU| 750,698| 140,320|1,035,297| 2,160,958
DPW-LRU'| 750,653| 140,264|1,034,649|2,160,710

Flash Write Count of Wk1 Flash Write Count of WK2
750720 T 140340 -
750700 140820
750680 +— IR T
140280 +——
750660 ——— e B .
750640 —— e — 140240 —— e =
750620 T T 140020 T
DPW-LAU DPW-LRU' DPW-LRU DPW-LRY'
Flash Write Count of WK3 Flash Write Count of WK4
1035500 2161000
2160800 +——
AR 2160800 - ——
srigasn o - 2160700 —
2160600 +—— _ —
1034000 . . 2160500 - .
DPW-LRU  DPW-LRU' DPW-LRU DPW-LRU'

% 7. DPW-LRU'S] £A] 227] W= A5
Fig. 7 Flash Write Count Performance of
DPW-LRU’
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