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Garbage Collection Method using Proxy Block considering Index Data
Structure based on Flash Memory
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Abstract

Recently, NAND flash memories are used for storage devices because of fast access speed and
low-power. However, applications of FTL on low power computing devices lead to heavy workloads which

result in a memory requirement and an implementation overhead. Consequently, studies of B+ -Tree on
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embedded devices without the FTL have been proposed. The studies of B+-Tree are optimized for

performance of inserting and updating records, considering to disadvantages of the NAND flash memory

that it can not support in—place update. However, if a general garbage collection method is applied to the

previous studies of B+-Tree, a performance of the B+-Tree is reduced, because it generates a

rearrangement of the B+-Tree by changing of page positions on the NAND flash memory. Therefor, we

propose a novel garbage collection method which can apply to the B+-Tree based on the NAND flash

memory without the FTL. The proposed garbage collection method does not generate a rearrangement of

the B+-Tree by using a block information table and a proxy block. We implemented the B+-Tree and n

-Tree with the proposed garbage collection on physical devices with the NAND flash memory. In

experiment results, the proposed garbage collection scheme compared to greedy algorithm garbage

collection scheme increased the number of inserted keys by up to about 73% on B+ -Tree and decreased

elapsed time of garbage collection by up to about 39% on p-Tree.
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Algorithm 1: GC_Proxy

@z - indicates whether GC(Garbage Collection) is processing
or not, global variable

V- victim block number, global variable

1 V< get block which has maximum invalid page

2 if is Vinvalid block? then
3 erase block V

4 return

5 endif

6 if @yw=1 then

7 Wtiag < 1

8 endif

T2l 6. Ci2lE5S o8t 7HIX| Zald eifzms
Fig 6. Pseudo code of the garbage collection using a
proxy block
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Algorithm 2: Page R/W

Input: block number B, page number P
BIT: Block Information Table

Byron Proxy block number, global variable
1 B, < get physical address from 8/7
2 if @ya=1MD V=4, then

3 call ReadOnGCP(4,, A)

or PhysicalWrite(Byoy. A
4 return
5 else

/* read/write corresponding to &, P */

6 call PhysicalRead(5,, P

or PhysicalWrite(5, A
7 end if

Algorithm 3: ReadOnGCP

Input : physical block number &,, page number P
Plast- 1ast write page position

1 Prast < get last write page position from Byoy
2 if P> Pas then

3 call PhysicalRead(V, A

4 else

5 call PhysicaIHead(@mxy, P

6 endif

Algorithm 4: RequestNextFreePage
Qutput: block number A, page number P

1 if @y =1 then

2 lpos < last write page position from By
3 while ljs is valid page do

4 Wos < Moos + 1

5 migrate page data to Byoy from les
6 end while

7 BV

8 P Jfos

9 else

10 B < search block which has free page
1 P < free page of B

12 end if

O% 7. 7HIX| 2N B geEe| oilzEE
Fig 7. Pseudo code of functions related to the garbage
collection
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CPU AllWinner A20 CortexT-A7
RAM 2GB DDR3@480MHZ
NAND flash memory H27UCG8T2ATR-BC
Capacity 8GB
Block count 4096
Page count per block 256
Page size 8KB
Bock erase time 5ms
Page write time 1500us
Page read time 211us
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