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ABSTRACT

It is impossible to overwrite on an already allocated page in SSDs, so whenever a write operation occurs a page replacement with
a clean page is required. To resolve this problem, SSDs have an internal flash translation layer called FTL that maps logical pages managed
by a file system of operating system to currently allocated physical pages. SSD pages discarded due to write operations must be recycled
through initialization, but since the number of initialization times is limited the FTL provides a caching function to reduce the number
of writes in addition to the page mapping function, which is a core function. In this study, we focus on the FTL cache methodologies
reducing the number of page writes and analyze the related algorithms, and propose a write-only cache strategy. As a result of

experimenting with the write-only cache using a simulator, it showed an improvement of up to 29%.
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Fig. 1. Position of the FTL Cache
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5) DPW-LRU(Dynamic Page Weight LRU)
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Table 1. Read/Write Latency Characteristics of SSDs

Page Block Read Write Erase

Type
P size size latency | latency | latency

SLC 16KB 8MB 65us 380us 500us

MLC_1 16KB 4MB 85us 400us | 8,500us

MLC_2 16KB 16MB 78us 1,300us | 500us

Ultra-low
latency

4KB 256KB 12us 16us 1,500us
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Table 2. Read/Write Latency Characteristics of HDDs

Sectors Average Average Data transmission Read/Write
RPM . .
per track seek time rotational latency latency latency
4,200 7,140us 226us 11,366~22,366us
5,400 5,560us 176us 9,736~20,736us
7.200 63 4,000~ 4,170 132 8,302~19,302
: (512B) 15,000us s s : VLS
10,000 3,000us 95us 7,095~18,095us
15,000 2,000us 63us 6,063~17063us
ftl_read(page_no, buffer) { // general read-write cache 2 Sh= 71 Uit 27] M8 AARE oleh & &
if (cache_R_hit(page_no, buffer)) 718 AAZ 5t 9] A& Al Adsto] o]& 7]

return,
read_physical_flash(page_no, buffer);

cache_insert(page_no, buffer);

ftl_read_wo(page_no, buffer) { // write-only cache
if (cache_R_hit(page_no, buffer))
return;

read_physical_flash(page_no, buffer);

ftl_write(page_no, buffer) {
if (cache_W_hit(page_no, buffer))
return,

cache_insert(page_no, buffer);

Fig. 2. FTL Read/Write Procedures using Write—only Cache
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Ftbl[ ] (File table)

fp [ ] [ ] [ ]
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off t size m
int  LBA_fd

Fig. 4. Data Structure for the OS |0 Stub



off_t os_read(int fd, void *buf, off_t size) {

}

fp = Ftbl + fd;
f lba = fp->offset / F_PGSIZE; // first LBA(page)
Loff = fp—>offsetf % F_PGSIZE; // offset in a page
npage = ((ILoff + size) + F_PGSIZE -1) / F_PGSIZE;
1_thl = (int *)malloc(npage * sizeof(int)); // for LBA table
Iseek(fp->LBA_fd, f_lba * sizeof(int), SEEK_SET);
read(fp->LBA_fd, 1_tbl, npage * sizeof(int))
for G = 0, bp = buf; i < npage; i++) {
ioq_put_os(I0OQ_READ, 1_tbl[i]); // call FTL
csize = size > F_PGSIZE-1_off ? F_PGSIZE-1 off : size;
1_off = 0; bp += csize; size —= csize; fp—>offset += csize;
}
free(l_thl);

[e]

=
[
Ea

Fig. 5. A Sample Code of the OS Stub for the Simulator
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Table 3. Field Trace Data for the Experiment

Name Max LBA Number of I/O
Financiall 1,215,633 5,334,984
Financial2 1,215,222 3,699,194

Table 4. Definition of Workloads for the Experiment

Name Combination of Data I/O Ratio(%)
WL1 Financiall 2377
WL2 Financiall + Financial2 63:37
WL3 Financial2 82:18
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(a) Write Count Reduction of the WL1
Flash Write Count of WL2(63:37)
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1,120,000
1,090,000 5,399 }
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(b) Write Count Reduction of the WL2
Flash Write Count of WL3(82:18)
150,000 ERW mWO
130,000
110,000 -29.48% -24.11% -23.91%
90,000
70,000
50,000
LRU CFLRU DWP-LRU

() Write Count Reduction of WL3
Fig. 6. Effectiveness of the Write—only Cache
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Table 5. Comparison of the Hit Ratio and Total Latency(LRU)

Workload WL1 WL3
Metrics K RW WO RW WO

Read hit ratio(%) 91 87 93 69

Flash read count 603,970 902,434 295,726 1,406,799

Flash read SLC 39,258 58,658 19,222 91,441
latency(ms) MLC_2 47,109 80,389 23,066 109,730
Write hit ratio(%) 96 87 95 87

Flash write count 771,568 753,075 150,416 106,066

Flash write SLC 293,195 286,168 57,158 40,306
latency(ms) MLC_2 1,003,038 978,997 195,540 137,885
Total SLC 332.453 344,826 76,380 131,747
latency(ms) MLC_2 1,050,147 1,059,386 218,606 247,615

Total 10 Latency of WL1 (sec)
mRW mWOo
1,000
20D
600
200 +3.70%
]
SLC MLC_2

Total 10 Latency of WL3 (sec)
= RW m'WO
300
+13.27%
250
200
150 +72.49%
100
]
sLC MLC_2

Fig. 7. Latency Burden of the Write-only Cache
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