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Abstract : NAND flash memories have the advantages of fast access speed, high density and low

power consumption, thus they have increasing demand in embedded system and mobile

environment. Despite the low power and fast speed gains of NAND flash memory, DRAM disk

buffers were used because of the performance load and limited durability of NAND flash cell.

However, DRAM disk buffers are not suitable for limited energy environments due to their high

static energy consumption. In this paper, we propose WAP-LRU (Write pattern Analysis based

Placement by LRU) hybrid disk buffer management policy. Our policy designates the buffer

location in the hybrid memory by analyzing write pattern of the workloads to check the

continuity of the page operations. In our simulation, WAP-LRU increased the lifetime of NAND

flash memory by reducing the number of garbage collections by 63.1% on average. In addition,

energy consumption is reduced by an average of 53.4% compared to DRAM disk buffers.
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Table 2. 20S table variable list
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length | request in the interval

R(n) The operation type of host request
o | (Read/Write)

R(n),,.. | The size of host request

W The number of continuous write
eval | page for state change

2 The frequency of non-contiguous
writes | write request in the interval

P,.. | The deployment policy state (BAL/WI)

T The minimum continuous write
state value for policy change
T The maximum number of read

read | request for DRAM placement

T The maximum number of write
write. | request for DRAM placement
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Ensure: The victim page by LRU is g
Input: Ryoge
Output: null

1: if DRAM is full then

2: if g is dirty then

3: g migrate to NVRAM

4: else

5: discard page ¢

6: endif

7: insert £, into MRU position of
" DRAM

8: endif

<38 % 1. DRAM ¥ ¥
Algorithm 1. DRAM buffer management
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The victim block by LRU is vb,
the logical block number of R

Ensure: is rbn, the logical block obJectI 1gr1
NVRAM is block[].
Input: Bge
Output:  null
11  flush < false;
9 if block[rbn] exist in disk buffer
& it has no free space then
3: vb < block|[rbnl;
4: flush < true
5!  endif
6: if flush then // NVRAM is full
7: for p in vb
8: if p is dirty then
9: write page p to Storage
10: else
11: discard page p
12: endif
13: end

14: for p in DRAM
set logical block number of p

as pn
16: if pn = rbn & p is dirty then
17: write page p to Storage

18: endif

19: end

20:  endif

91 if blockl[rbn] does not exist in

disk buffer then
//allocate free block for rbn and
22: //set to MRU position
AllocateFreeBLK(rbn);
23:  endif
24: insert R, . into block[rbnl;
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Algorithm 2. NVRAM buffer management
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Table 3. Memory Characteristics

Type Latency/Energy per page
read 15 ns / 0.1 nJ
DRAM write 15 ns / 0.1 nJ
static 1 W (per GB)
read 11 ns /0.1 nJ

NVRAM | write 27 ns / 0.2 6n]

static 0.1 W (per GB)

read 21 us / 1.5 nJ
NAND write 200 us / 4 W

erase (block) | 1.2 ms / 34 uJ
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Table 4. Workload characteristics

trace R/W ratio | Tiute | Trcad | Tiprite
Financial 57:43 125 512 600

online 35:64 160 271 38
web-vm 28:72 211 700 2500
webmail 26:73 230 | 2500 | 3500
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