CHEFUHICIEZSS el =E X

Mt S4E

Dok SHAME M ST Jhu|x| HM

M 132 M 5= 2018 10E 269

A =H
Ll o=

(An Advanced Adaptive Garbage Collection Policy by
Considering the Operation Characteristics)

gt & &b, ol

(Song-Hwa Par

Abstract

dE 0@ 8=
, Jung—-Hoon Lee, Won-Oh Lee, Hyun-Woo Kim)

NAND flash memory has widely been used because of non-volatility, low power

consumption and fast access time. However, it suffers from inability to provide update-in-place

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

operation is a block. Moreover erase operation is slower than other operations. We proposed the

Adaptive Garbage Collection (called “AGC”) policy which focuses on not only reducing garbage

collection process time for real-time guarantee but also wear-leveling for a flash memory
lifetime. The AGC performs better than Cost-benefit policy and Greedy policy. But the AGC does

not consider the operation characteristics. So we proposed the Advanced Adaptive Garbage

Collection (called “A-AGC”) policy which considers the page write operation count and block

erase operation count. The A-AGC reduces the write operations by considering the data update

frequency and update data size. Also, it reduces the erase operations by considering the file

fragmentation. We implemented the A-AGC policy and measured the performance compared with
the AGC policy. Simulation results show that the A-AGC policy performs better than AGC,

specially for append operation.
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Table 1. Block status information A 7R AuAd AR 9 gl AA EA B4 oA
el sl 7]Estal, Mg 2 =dellA] At
e Description s e Aed s A9a e o A
Block * Based on the physical location of the walth, VA A= Aokt A HES S
Number | 2Ok B3 Brlsta, VAIAE A48 2 FF dA o)
* Sequential increase from 1 _ _
— 3l A A gk
¢ The sum of the number of empty
Degree of . .
Invalidati pages and the number of invalid
nvalidation
pages in the block . 'EI'EJ ouj?'
Erase .
c . * Block erase operation count
_ _ 1. HSE Jtulx ZYM HHY (6]
Brase ¢ A value obtained by subtracting the @1%8' 7]—H] X] Zd_gﬂ{\j (AGC) Xgiﬂ% )\E]}\] 744
Deviati erase count of block from the erase o ' N o eiab o . -
eviation =2 A5 a s =90
count average of the entire blocks = HAgsha gE&AQl Aw A % Aw des
=3 3st7] oS 22 A =] o] x] A ]
 Use this item to select erase(victim) TAs] Astel S5 A AR, oA e An
blocks 9 2 B5 JRE #ystar CPU AHEEol uhet
+ Score = Invalidity<W; + EDXWs, 7HA] AEA 2 REE A
(W + W, = 1.0)
) - Invahdlty' ¢ Degree of In\'/a'lldatlon 1.1 Ze|A| M2 A e
Score = W; : Weight of the Invalidity 6 AdA o o cixbel &8
- ED : Erase Deviation 482 7iu|A] A9 AALe Ax Ao aF
- W, : Weight of the ED A3 15 AFE L] Aste] E5 dH AR,
* The greater the efficiency of erase Holx] e AR H 2H E= ARE A3
o;)er;l.ti(r)lns a;d wear-leveling effect, e B2 HE K, A9 A &n 7= 2
the higher the score - - —
£ & 2da st ® 19 2ol Ty vwelE
TASE BEe) Au AnE w@ 25 Fi
Cost-benefit BA-L AMAlS] G&AH¥T ofg} 5 Te EE x¥E fFa& dHolx9 st whalE
4 EEd g Ay ik JFE 5] d9, B Slme BE Dol ko oL 29 oAl
ol AbgE HT ARk aEste] Al & 55 o] 2aHE Agtel Ak BF Score® A-gdto]
e Ag B HuUsE 4%, FEAES Agsh] A
2= 5% 33 (TCB : Tracking Cold Blocks) & EES AEE AeRr Ag dA £Ee =
71¥ [5]2 2= £59 AAFES Asteta v Ak F5 A gEvt WA
® PEske @ Aolxge oFg Arsgow 2= e HolABe] AN Aol A
W eHEHES FaAD FRE FMA FAA @55 g B2e A% dAie BEHOE A
MEelel AwALd Qe AT B @ 5 ek HeH A AAH ZAAE Hel
PhEE A gk weke] dasie Ao AN Reg e D elFey] Astel 19 1
A4 7M. "I (AGC:  Adaptive 3} o] Ho|A e Age AWE T et}
Garbage Collection) A3 [6]2 AWT= A|x=H
A AAZMEE BASL a&A AR Ad 9
Fage
A% w55 FHe7] fste] A" CPU AHE: :
ol W Ag A HE% Ag FES 1P o N I R N
- 1 |60 [a5 [ w]3] 2] 3 20
A AAH TPgelth. AGC AH e Greedy 4 e :

2 o) v AL 4% ATE A7, dlod 1 3 ERIEN ERERE 5 = |75
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ANG ZanFlord A5 e AGC AL Fig. 1 Example of page status information
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Fig. 3 Operation mode of adaptive garbage

collection on CPU usage rate
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Table 2. Operation mode of

the adaptive garbage collection

Categor Fast | Smart |Wear-leveling
sory Mode Mode Mode
CPU Usage High |Medium Low
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Fig. 4 Flash memory status
on file operation characteristics
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Fig. 5 Flash memory status
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Table 3. Management of the file object information

M 132 Al

Item Description
Object ID |« Identifier of the file
Object Size| * Size of the file

Data Status

* Data storage status

¢ The status of one of the following :
- NO DATA : No data is written
- WRITTEN : Data is written at the
flash memory
- BUFFERED : Data is stored at the
buffer (RAM)
- INVALID : Data written at the flash
memory is deleted

Data * An array of physical page numbers
Location where data is stored in flash memory
.. e Size of data stored in flash memory
Data Size
or buffer
* Number of times the file was updated
File Update|* The number of updates is 1 at the
Counter time of initial write, and is
incremented by 1 for each update
o If the data status is BUFFERED, the
Buffer .
address of the main memory where
Address

the data is stored
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(a) Initial state (Page size : 4 KB)

+ ObjectID:1 & i
leObject  + OblectSiae:1kB ! Fle Uocate Counter 1
Infamation = D:t: [cacali:}cr::{-l} 1+ bufter address
fashnemory | | [ [ [ [ [ [ [T T T T [[TT]
(b) File creation (Write size : 1 KB)
= ObjectID:1 5 ize [ 2
File Object * Object Size -2 k8 . E\a:aui;lt:l:te{ écﬁgrier.z
IR D AR A v
Fashwemoy [ [ [ [ [ [ [ [T T[T [T TTT]

1 KB)

* Data Size:{4 KB}
* File Update Counter: 3
+ Buffer Address : NULL

(c) Append operation (Write size :

= ObjectID:1

* Object Size : 4 KB

= Data Status : { WRITTEN }
* Data Location:{1}

File Object
Information

Fashmemoy [WVI T T [ T T T T TTTTTTT]

2 KB)

(d) Append operation (Write size :

* ObjectiD:1 + Data Size~{ 4 KB}
Filz Object * Object Size 1 4 KB * File Update Counter: 4
Information * Data Status [ WRITTEN} . gyffer’ Address - NULL

* Data Location:{2}

Fashmemoy [EIV] | [ [ [ [ [ [ [T 1T ][]
1 KB)

(e) File update (Update size :

Iy 7.

o

AR EEE R E E R
s 2~7]
Fig. 7 File write operation of advanced adaptive

garbage collection policy
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Fig. 8 Wear-leveling mode operation
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Table 4. Parameter of simulation

Item Value
#blocks/chip 2,048
#pages/block 64

Page Read/Write Latency 60 us / 800 us

Block Erase Latency

Program-Erase (P/E) Cycle
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Table 5. Parameter of proposed garbage
collection policy

Category Item Value
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Score
W 0.5
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Fig. 9 CPU usage rate and operation mode of

proposed garbage collection for the test
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Fig. 11 Comparison of the written page number
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Table 7. File operation used at experiment

File O ti D ipti
No Append data size No Append data size ¢ Jperation csenpon
Create ¢ File Size : 1 KByte ~ 4 MByte

1 256 Byte 4 8192 Byte (8 KB) Reate « File Selection : Random

¢ File Selection : Random
2 1024 Byte (1 KB) 5 32768 Byte (32 KB) Update « Update Location : Random

¢ Update Size : Random
3 4096 Byte (4 KB) Delete ¢ File Selection : Random

8 Uy Axl Ao A7) HolA s w]aL E 9. U Ak A AR EF e Al

Table 8. Comparison of

the written page number

on random operation

Table 9. Comparison of the erased block number

on random operation

Method Write Page Number Method Erase Block Number
AGC 448,187 AGC 7,002
A-AGC 335,428 A-AGC 6,403
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