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An Efficient Page-Level Mapping Algorithm for Handling Write

Requests in the Flash Translation Layer by Exploiting Temporal
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ABSTRACT

This paper proposes an efficient page-level mapping algorithm that reduces the erase count in the FTL for
flash memory systems. By maintaining the weight for each write request in the request buffer, the proposed
algorithm estimates the degree of temporal locality for each incoming write request. To exploit temporal locality
deliberately for determination of hot request, the degree of temporal locality should be much higher than the
reference point determined experimentally. While previous LRU algorithm treats a new write request to have high
temporal locality, the proposed algorithm allows write requests that are estimated to have high temporal locality
to access hot blocks to store hot data intensively. The pages are more frequently updated in hot blocks than
warm blocks. A hot block that has most of invalid pages is always selected as victim block at Garbage
Collection, which results in delayed erase operation and in reduced erase count. Experimental results show that

erase count is reduced by 9.3% for real I/O workloads, when compared to the previous LRU algorithm.
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Stepl:
LPN. = current LPN;
LPN; = LPN/s in the buffer window ( i = 1, 2 ..
window_size );
Weight; = weight of LPN; ( 1, 2 ... window_size );
Interval; = window_size - i; /* distance from the
last entry in the buffer. */
Score. = 0; /* Score.: Score of the current page */
Insert LPN. to the buffer;
Step2:
for each LPN; (i =1, 2 ... window_size )
{
if ( LPN; = LPN. ) {
Weight,
Score, = Score,+ m )
}
Step3:
if Scorec > Threshold {
write_hot_block(LPN.);
/% Allocate the current request block at the hot block
region */
update_hot_mapping_table( LPN. Score. );
/* Update the entry and score of LPN. in the hot
mapping table. Make an entry and score of LPN, if
non-existent */
}
else {
write_warm_block(LPN,);
/* Allocate the current request block at the warm
block region */
update_warm_mapping_table( LPN, );
/* Update the entry of LPN. in the hot mapping
table. Make an entry of LPN. if non-existent */
}
Shift the buffer window by one towards the direction of
new inserted LPN;
Update Weight; and Interval; of all the entries in the
buffer window;

)
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Fig. 4. Overall separation algorithm for hot write requests.
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Table 1. Parameter of NAND flash memory used for
simulation.

Block size 1MB

Organizations of
NAND flash memory

Page size 8KB

Number of pages

128
per block
Read operation 250us
Each operation of . .
. Write operation 1.3ms
access time
Erase operation 1.5ms
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I 2. 714& workload?] EA
Table 2. Characteristic of Enterprise-Scale Workload.
Workload
. Total Average Sequent
info. Request| Read | . .
Request Si %) iality
Workload Num 1ze (% (%)
(KB)
type
financial 5,334,986 9.8 23.1 1.1
financial2 3,699,194| 7.7 823 1.0
TPC-C 6,834,303| 17.1 64.5
TPC-E 1,372,870| 21.0 7.6
CAMRSHMSA 3,993,315| 16.7 35.5 0.1
DisplayAdsPayload | 48,717 92.8 45 14.6
MSN 1,685,121| 282 79.6 1.4
RADIUS_SQL 380,245 | 68.8 17 19.2
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Fig. 7. Buffer window size and erase count in different
real I/O tracefiles. (a) TPC-C (b) MSN.
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Table 3. Comparison results by real workload.

Compa.rison Erase Count
items

Tracefiles DFTL |Proposed| Comparison(%)
financiall 59,139 | 57,175 -3.3
financial2 10,162 | 9,187 9.6
TPC-C 48,488 | 38,037 -21.6
TPC-E 21,660 | 16,679 -23
CAMRSHMSA 49,664 | 44,963 9.5
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MSN 94,121 | 93,603 -0.6
RADIOUS_SQL 13,681 | 13,079 -4.4
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