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Abstract

Recently, an SSD with hybrid buffer memories is actively researching to reduce the overall latency

in server computing systems. However,

existing hybrid buffer policies caused many swapping

operations in pages because it did not consider the overall latency such as read/write operations of
flash chips in the SSD. This paper proposes the clock with hybrid buffer memories (CLOCK-HBM)
for a new hybrid buffer policy in the SSD with server computing systems. The CLOCK-HBM

constructs new policies based on unique characteristics in both DRAM buffer and NVMs buffer for

reducing the number of swapping operations in the SSD. In experimental results, the CLOCK-HBM

reduced the number of swapping operations in the SSD by 43.5% on average, compared with LRU,

CLOCK, and CLOCK-DNV.

» Keyword: NAND flash memory, Buffer policy, Swapping operation, Hybrid buffer systems, Non-volatile

memories
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[l. Background and Related Works

1. Background

SSDe W= ZeA] wie] FH(olst FHA FES Ak
ZjA] AEZD](flash controller), &FAANA ] e17]/227] A
2He 8] $18k ZeA] M3 AIS(FTL, Flash Translation
Layer), #IQ1 mlEg] e} SSD Atelel] it A AAZHE THaA1717]
A3k W2 Ak, 28 1olME SSDe| FxE Helth

SD (Solid State Drive)

S i
[ Buffer Memory (DRAM) H E
Flash Controller E

NAND flash NAND flash NAND flash 1
chips chips . chips lll E

T T '

Fig. 1. Architecture of SSD
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Table 1. Characteristics of memories
description DRAM NVMs flash chip
read latency 50ns 50ns 100us
write latency 50ns 350ns 2.4ms
erase latency - - 3.0ms
density very low low high
endurance - 108 10°
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2. Related Works
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[Ill. The Proposed Policy
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Algorithm 1: CLOCK with Hybrid Buffer Memories

input: p, // page according to a requested operation

op, // read or write operation

d-clock, // current clock pointer in DRAM
buffer

n-clock, // current clock pointer in NVMs
buffer

fs /] space of a free page

output: d-clock, n-clock
1 if there is no p in hybrid buffer do
2| if there is no free space in DRAM buffer then
3| | fs = MigrateToNVMsBuffer(d-clock, n-clock, p);
4| end
5| AllcateToDRAMBuUffer(fs, p);
6 end

7 SetPageBitFlags(p, op);

8 if there is p in NVMs buffer and reference bit is
set do

9| if op is the write operation then
10 MigrateToDRAMBUffer(d-clock, n-clock, p);
11| end

12 end
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Table 2. Switching conditions for the number of write operations
of each level in DRAM buffer page
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Fig. 2. Architecture of CLOCK-HBM
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V. Performance Evaluation

Table 3. Parameters for SSD model in the simulator

description parameter
DRAM 6.4MB (20%)
buffer size
NVMs 25.6MB (80%)
SSD capacity 20GB
page size 4KB
pages per block 64
garbage collection trigger # of free blocks < 20%
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Table 4. Detailed characteristics of workloads

characteristics|ratio of request (%) avg. request
types read write (KB)
Financiall 23.0 76.0 3.28
Financial2 83.0 17.0 2.39
UMass |WearSearch1 0 100 15.14
WearSearch2 0 100 15.07
WearSearch3 0 100 15.4
mail-02 17.0 83.0 39.8
mail-03 138.0 87.0 41.53
mail-06 10.0 90.0 29.97
mail-07 8.0 92.0 27.96
mail-08 16.0 84.0 44.73
FU mail-09 138.0 87.0 29.61
home1 2.0 98.0 6.3
home?2 138.0 87.0 12.77
home3 3.0 96.0 23.75
home4 0 100 12.58
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