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An Efficient Buffer Replacement Policy based on CLOCK Algorithm for

NAND Flash Memory

Jong-sun Kim" - Jin Hyun Son™ - Dong-Ho Lee™

ABSTRACT

Recently, NAND flash memory has been popular for a next-generation storage device because of its rapid access speed, low-power
consumption, shock-resistant. However, unlike a disk based storage device, it has distinct characteristics such as the asymmetric cost of
read, write and erase operation, and no in—place update. thus, disk based buffer management policies may not yield a good performance on
NAND flash memory based system. To solve this problem, flash-aware buffer management policies which consider the characteristics of
NAND flash memory have been proposed.

In this paper, we propose a novel flash-aware buffer replacement policy called CLOCK-NAND that is an enhancement of the
well-known disk-based buffer replacement policy, CLOCK-Pro. Although CLOCK-NAND is basically based on the algorithm of
CLOCK-Pro, it exploits a new hot page change policy to use page access information efficiently. Also, it delays write operation for dirty
and hot page by using cold change delay policy and it yield a good performance on NAND flash memory according to these new policies.

Keywords : Flash Memory, Buffer Management Policy, Clock-Pro, Hot Page, Dirty Page
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glo], AN EE o2 WAsty 8 Ho|xZ WAst g 3 if Isn == Isn of current_page then

4 set isExist
XAE O] oFo = oF =
~ES] ghoz ol W J?] °lA7k T el 135 5 set reference bit in current_page
Zol & AAHIEE 002 AHAgtt 183 1657 2o 6 if coldflag in current_page == set then
gdug]E 25 AFEEY] B AE 9o 3 Ho|XE F= ¥o] 7 if resident bit in current_page == unset then
A2 WA} 8 ReplaceColdPage()
e ] 9 end if

AT 2= YRE 29 8 oA E FEsdelE 10 if current_page is in test period then
A= oAtz =0t HANDhotS 7Hg]7]& & #Ho]#] 9 11 unset reference bit in current_page
AZHET} 19 AS 523} o] FFHEE (o2 WA & 12 if dirty bit in current_page == set then

13 unset cold_delay bit in current_page

o] F5ha, FEHET} 091 Aot 7-8F N o] & Iy o if i -
A AR EES et Qo 12 WA = HANDhote 15 unset coldflag in current_page move
10-119 4 23 o] HZHEV} 0ol & AAHET} 1 current_page to list_head
Q8 ol Fe WA olFste] 2= HolAx WA o g o GeHOOCOI0
ata1, 15-17&3 Zo] olFste HA A whie 3T & 18 end if
= Aol At &8 PiudA AAFT 19 break

G % 39 JAIEE £8 2 2E0M HANDeold7} 20 else . .

. = _ 3 21 current_page = next page in a counterclockwise

7}ﬂ7]t 7]'78— Z ZH/\]'% 71ﬂ*§“ 7]'73 :—‘ELE 31]0]1]7:: E’_Zﬂ direction
3= A< UEhITh HANDeold:= ol%3hiA 3-8%3 2 22 end if
o] Z=ZHEJ} 02 Bl¥ AF Z= Ho]x = o} WA G o] 23 end for




Algorithm2. ChangeHottoCold ()

Input : none
Output : isChanged (0O=default, 1=changed)

1 while isChanged == 0

2 Handhot_page = page which is currently pointed by
HANDhot

3 if coldflag in Handhot_page = unset then

4 if reference bit in Handhot_page == set then

5 unset reference bit in Handhot_page

6 else

7 if cold_delay bit in Handhot_page == unset

then

8 set cold_delay bit of Handhot_page

9 else

10 set coldflag in Handhot_page

11 set isChanged

12 end if

13 end if

14 else

15 if resident bit in Handhot_page == unset then

16 delete Handhot_page from circular list

17 end if

18 end if

19 HANDhot moves in a clockwise direction as a page

20 end while

Algorithm3. ReplaceColdPage ()

Input : none
Output : none
1 while isReplaced == 0
2 Handcold_page = page which is currently pointed by
HANDcold
3 if coldflag in Handcold_page == set then
4 if resident bit in Handcold_page == set then
5 replace Handcold_page from circular list
6 unset resident bit in Handcold_page
7 isReplaced = 1
8 HANDcold keeps moving until it meets page
which has setted coldflag
9 else
10 HANDcold moves in a clockwise direction as
a page
11 end if
12 else
13 HANDcold moves in a clockwise direction as a
page
14 end if
15 end while
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