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Abstract :

NAND flash memory has advantages of non-volatility, little power consumption and

fast access time. However, it suffers from inability that does not provide to update—in-place and

the erase cycle is limited. Moreover, the unit of read/write operation is a page and the unit of

erase operation is a block. Therefore, erase operation is slower than other operations. The

AGC, the proposed garbage collection policy focuses on not only garbage collection time

reduction for real-time guarantee but also wear-leveling for a flash memory lifetime. In order to

achieve above goals, we define three garbage collection operating modes: Fast Mode, Smart

Mode, and Wear-leveling Mode. The proposed policy decides the garbage collection mode

depending on system CPU usage rate. Fast Mode selects the dirtiest block as victim block to

minimize the erase operation time. However, Smart Mode selects the victim block by reflecting

the invalid page number and block erase count to minimizing the erase operation time and

deviation of block erase count. Wear-leveling Mode operates similar to Smart Mode and it makes

groups and relocates the pages which has the similar update time. We implemented the proposed

policy and measured the performance compare with the existing policies.

Simulation results

show that the proposed policy performs better than Cost-benefit policy with the 55% reduction

in the operation time. Also, it performs better than Greedy policy with the 87% reduction in the

deviation of erase count. Most of all, the proposed policy works adaptively according to the CPU

usage rate, and guarantees the real-time performance of the system.
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Table 1. Block Status Information

Item Description
¢ Based on the physical location of
Block
the block
Number N L
¢ Sequential increase from 1
b " ¢ The sum of the number of empty
egree o . .
eeree pages and the number of invalid
invalidation
pages in the block
Erase * Block erase operation execution
count count
s ¢ A value obtained by subtracting the
rase
L erase count of block from the erase
Deviation

count average of the entire block
Score to be selected as a

erase(victim) block
e Score = InvalidityXW; + EDXW,,
(W1 + Wy = 1.0)
- Invalidity : Degree of invalidation
Score - W, : Weight of the Invalidity
- ED : Erase Deviation
- Wy @ Weight of the ED

e The greater the efficiency of erase
operations and wear-leveling effect,
the higher the score

Block

Number 1 2 3 4 5 6 2048

Degree of
invalidation

Erase N . n
count

Erase

oo -325| 215 | 165 | -10.5| 55 13.5 -9.5
Deviation

Score -16.25| 1875 | 9.75 | -4.25 | 7.25 | 6.75 -3.75

a9 2. 25 ZH AR

Fig. 2 Example of Block Status Information
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Block #: 100 | *——*
Erase Count; 105 4 | P
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e «— | & Frase Count; 100
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Fig. 4 Example of Free Block Information
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Table 2. Operation Mode of Proposed Adaptive
Garbage Collection

Category Fast Smart |Wear-leveling
Mode Mode Mode
CPU Usage High |Medium Low
Consider erase
. 0] 0] 0]
operation speed
Selection
) of a erase X 0] 0]
Consider |  plock
lWeall'r— Select of a
eveling
backup X X 0
block
Consider A
Wear-
Leveling | ¥Wear-ewing
Mode
Smart Mode
Fast
I Mode | o cru
a Threshold 1 Threshold 2 100 Usage Rate (%)

79 5. CPU AHg&ol me 437 7hix|
494 B4 BE
Fig. 5 Operation Mode of Adaptive Garbage
Collection on CPU Usage Rate

Block Status Information

Block Number | 1 2 3 4 5 [3 .. | e
o 0 15 3 2 9 15 2

Erase Count | 56 | 15 7 | 18 [} e 33

Erase Dewviation | -32.5 | 21.5 165 | -10:5 55 13.5 a5

Score -16.25 | 12,25 | 975 | 425 | 7.25 | 1525 -3.75

Use the degree of invalidation
when selecting the erase target block

Select a erase block Erase the block

I i

Copy the valid pages

Select a backup Read the valid Write the valid
—»
block pages pages

Free Block Information

b | Bocka: 20 |
Fleader Erase Count
=1 1 -

Black 4 - 100
Zraze Lot
105

Block A : 15
Erase Caurt
0%

gy

a9 6. Are 7pu) R A A9
Fast Mode &%t
Fig. 6 Fast Mode Operation of Proposed

Tail

Garbage Collection
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Block Status Information

Block Number 1 2 2 4 ) [ 2048
il © 16 3 2 9 15 | . 2
Erase count 56 15 F 34 18 g 33

Erase Deviation | -32.5 | 215 | 165 | -10.5 | 55 13.5 8.5

Score -16.25.| 12,25 | 9.75 | 425 | 7.25 | 1525 -3.75
Use the score
when selecting the erase target block

Select a erase block Erase the block

v i

Copy the valid pages

Select a backup Read the valid Write the valid
block pages pages

Free block Information

¥

Bock¥:20 |@die [ Bocky 100 |e@ e | Blockd:ls | gly
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- 100 He 14 i e 06 I
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Fig. 7 Smart Mode Operation of Proposed

Garbage Collection
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Block Status Information

Block Number 1 2 3 4 5 [ 2048
Degree of
Invalidation a 16 3 ? 9 5 ?
Erase count 56 15 7 34 18 g 33
Erase Deviation | -325 | 215 | 165 | -105 | 55 13.5 .. 8.5
Score -16.25 | 1225 | 975 | 425 | 7.25 | 1525 -375

Use the score

when selecting the erase target block

Select a erase block

Erase the block

|

[

Group the valid pages

Calculate
Sort the valid Classify the | 3! the group
pages by Age valid pages
Age
Copy the valid pages
Select a backup Read the valid Write the valid
block pages pages

Allocate the backup block
according to group Age

Free block Information

b | Blocky-a0 | e
Header Erasa Count
= 100 e

Block ¥

Srase Courd

0%

00

be | Blocki:15 | gla
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. FL 4
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Wear-leveling Mode %%}

Fig. 8 Wear-leveling Mode Operation of

Proposed Garbage Collection
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Table 3. Parameter of Simulation

Item Value
Condition of Triggering | # (Empty Block) < 5 %
#blocks/chip 2,048
#pages/block 64

60 us / 800 us
1.5 ms
10,000

Page Read/Write Latency
Block Erase Latency
Program-Erase (P/E) Cycle

4. A HuA AaA G| wavlg
Table 4. Parameter of Proposed Garbage

Collection Policy

Category Item Value
. Threshold; 30.0
Operation Mode Threshold, 700
S Wy 0.5
core W, 05
100
Fast Mode
80
2 == .
g 60 | Smart Mode 1 2t 1t 1 3
B
= a9 I
ol = e P R LR IR R 1 I0SEE
g 20
1 101 201 301 401 501 601 701 801 901
Time (s)
a3 9. Al AMEEl CPU AMEE 2 7HH]A

Aede F4 mE
Fig. 9 CPU Usage Rate and Operation Mode of
Proposed Garbage Collection for the Test
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Table 5. File Operation used at Experiment

File Operation Description
Creation (Write) |e File Size: 1 MB
Read ¢ File Selection: Random
¢ Read Size: Random
e . ¢ File Selection: Random
Modification Modification Size: Random
Deletion ¢ File Selection: Random
Greedy Policy
ESDCO
£ o

1 101 201 301 401 501 601 701 801
Test Frame.

(a) Operation Time

Greedy Policy

GC Processing Time (ms)

1 101 201 301 401 501 601 701 80
Test Frame

(b) Garbage Collection Processing Time
% 10. Greedy @He] A4k & 71H]A]
A=A A9 A7F
Fig. 10 Operation and Garbage Collection
Processing Time of Greedy Policy
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(b) Garbage Collection Processing Time
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Fig. 11 Operation and Garbage Collection
Processing Time of Cost-benefit Policy
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Fig. 12 Operation and Garbage Collection
Processing Time of the Proposed Policy
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Table 6. Comparison of Garbage Collection

Processing Time and Erase Count Variance

Ttem AGC Greedy | Cost-benefit
(Proposed)
Operation 185.7 13.4 507.5
Time(s)
Erase Count | g 46 | 37534 5.18
Variance
Variance of Block Erase Count
—t—Propsed =—l=Greedy = Cost-benefit
400
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g

a9 18 55 Aw sl vl

Fig. 13 Variance of Block Erase Count
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