Map Cache Design in Mobile Storage
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Requirements for Mobile Storage
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Evolution of FTL for Mobile Storage

Block Mapping Hybrid Mapping Page (Sector) Mapping
Mapping Table 74 X7 Mapping Table X X7 Mapping Tableo| 2= 7}
SRAMO| &= SRAMO]| Atz SRAMO]| Atz

Block Mapping
Block Et2| 2] mapping. Logical block O] Physical block@ Z mapping.
™ . Map table size7} Z0}A{, 22 37|29 SRAMO| 7}ts.
CHM : Random accessO A A& X5}
Hybrid Mapping
Log block0f|= block mapping2 data block0{|= page mapping = A}E.
™ : Block mapping 2L} 245t 5. Page mappingE L} 22 mapping table size.
Ct™ . 0§ ™ 3S| random access patternOf| A= = garbage collection (merge) overhead 244,
BAST (2002), FAST (2006), SAST (2007), LAST (2009), KAST (2009).



Evolution of FTL for Mobile Storage
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Map Cache Based FTL Map Cache Based FTL

20094 DFTL (Demand-based Flash Translation Layer) ;3; 0| A X & 27
Mapping Et2|+= page mapping. EE= sector mapping.

712 79 paging systemQj| A 2| TLB (Translation Lookaside Buffer)2} S A}.
SRAMO{| mapping table & 20Ot (X} accessk| = entries) 23 A|Z.
UM Ol workloadOf ZX||Sl= spatial, temporal localityE =H&.

CHM[AE S 2 hybrid FTLE ECF 4 F O d5.

[1] A. Gupta, Y. Kim, and B. Urgaonkar, “"DFTL: a flash translation layer employing demand-based selective caching of page-level address mapping,” in Proc. ACM International
Conference on Architectural Support for Programming Languages and Operating Systems, Washington D.C., USA, pp. 229-240, March 2009.
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Typical Data Structure of Map Cache Based FTL
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L2 Table : Z} logical address£2| physical addressE2 Tt Q= table.
A L2 Table2 NANDO| A& &K QL 0|5 L2} SRAM2| Map Cachedj loadE.
L1 Table : L2 Table2 7}2|7|= Table.
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Typical Algorithm of Map Cache Based FTL (1/3)
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Typical Algorithm of Map Cache Based FTL (2/3)

Cache Miss Case (when victim is clean)
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Cache Miss ® Map Cache 2. Discard Victim line _
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Typical Algorithm of Map Cache Based FTL (3/3)

Cache Miss Case (when victim is dirty)

[ Logical Page Address ]

1. Search

Cache Miss ® Map Cache 3. Discard Victim line _

Victim is Dirty > D [ s

2. Update Dirty Victim Line to

SRAM 5. Access Data 4. Load New\line NAND before discard it.

NAND

DATA L2 Table



Performance Parameters of Map Cache

Average Map Access Time 2 CI21} Z2 Moz HH 7t5.
hittime + (1 - hitratio) x (miss penalty)
e hit ratio : Hit == / Access =l %=,
e hit time : Map CacheE& access ot=0| Z2|= AL
(hit 21X[, missQIX| THESt=0 2R 5[= AlZF 22
e Miss penalty : MissA|Qf| ST Mapa AN =0 Ze|l= ALt (NAND Read 2f4)
MissA| victim lineO| dirtyd A%, victim= NANDO| updatest=4| Z2|= AlZh

(NAND Program Ef&)

Average Map Access Time 2 |23} 617 QIs{AM =,
e Hit ratioS =c|1,
e Hit timeS =0|1,

e Miss penaltyE = O0f &t.
-. NAND Access time.
-. Frequency of Map Update.



Design Parameters of Map Cache

Cache Size
Cache Line Size (Cache Segment Size) C T T J\
. [ I | | e [ HCache Line
L2 Table Management Granularity (oommEm =
Cach
L1 Table Caching SRAM L2 Table (Map Cache) gﬂigiﬁl
ache line

Replacement Algorithm
e LRU, FIFO, Random,...

(of LPN1)

o g0 Data
Cache Organization (of LPN2)
e Two-Level Cache, Zone-based Cache,... | @ N —— Data
(of LPNO)

L2 Table

L2 Table Management Granularity

(O] granularity 2t9| entry=2| A=l LBAO]|
Ciet mapping ‘&2 &1 A0{OF &)




Cache Size

Cache SizeZ7} A H hit ratioZ} S22}

Cache Size7} A ™, cost of chip 2} power consumption 0| S2}Z.

ZtZto| requirement (performance, cost) £ S A|0f| 2= A|7| = £|E Q| cache sizeE 3=
Ad0| F8.
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Cache Line Size

Cache line size = hit ratio 0f] ggk

e Cache line sizeZ7} =™, spatial locality0 2|dH

hit ratio7} 22t &= 2.

g o)y
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Hit ratio line is good
1A /D

===
0.99 —

N

_ _ ) L 0.98
o 12{L} line size7} M K| cache size0f H|8| HE A H,
cache pollution0f| 2|slj 23|21 hit ratio?} BO{ A, > ﬁ,T‘:'iLC;éQS \ \
o AUHIROZ XS Cache sizeO| M= =2 Cache line ™ \ Cache Size
—32KB

size7t £2.

0.95 &
\ ——96KB
0.94 162KB
—224KB

0.93
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2
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Cache Line Size
0.9 : : : . : >
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b\;m, AR AF SF a5
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X We used the workload obtained in mobile system for this simulation
"



Cache Line Size

Cache line size = miss penalty 0f| dg= O|Al.

e NAND transfer time2 cache line size0f H|z|.
-. NAND I/F 7} DDR400Y! AL, line size7} 1KBY {2} 8KBY [{2| transfer
time2| X}O|+= 18us.
-. ECC unitkz 1124 djofgt.

cache line sizeOf H|z|.

rr

e Map update HI
-. Line size7t 2 4%, =<3t write operation0f 2|8l dirty2 markk| =

GOl A37|7} line size?t 2 MELCH I .

12

onto —
R/B tR \
Transfer time
DAT[0:7] &
R/B tR
dirty
clean
dirty
clean
dirty dirty
dirty clean
dirty dirty
dirty clean

<Large cache line>

<Small cache line>



Cache Line Size

» Simulation Result

e Workload characteristics

R: W Amount of Data
H i Read + Write

Mobile System #10{| A -2 Workload 78:22 7.67GB Read intensive
2 Mobile System #20{| A -2 Workload 89:11 12.11GB Read intensive
3 Mobile System #30f|A| - Workload 26:74 3.36GB Write intensive
4 Random Write (address range : full area) 0:100 1.25GB Chunk size : 4KB
5 Sequential Write (address range : full area) 0:100 32GB Chunk size : 1IMB

e Output Parameters of Simulation
-. Total Map Read Penalty : Cache MissA|0]| Map Readst=04| A~8&|= penalty (tR + transfer time)
-. Total Map Write (update) Penalty :
Cache missA| map updatest=0| 22 k| = penalty (tPROG + transfer time),
Cache®t NANDZt9O| consistencyE I8l 7| S & = map updatedf &~ Q E|= A|ZE (tPROG + transfer time)
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Cache Line Size

» Simulation Result

1. System Workload # 1 2. System Workload # 2 3. System Workload # 3
Total Map Access
Overhead (unit : ms)
3000 |~ 1600 A 2500 -~
1400 A
2500 - 2000 -
1200 - = Periodical map update
2000 - i enal
1000 1500 - penalty
1500 - 300 - B Cache miss map update
penalty
600 - 1000 7
1000 - B Cache miss map read
400 - enal
con 500 - penalty
200 -
0 T T T 1 0 L) I T T 0 T T T
1K @ 4K 8K 1K @ 4K 8K 1K @ 4K 8K
—_—
Line Size

- 2 & d0|M, map update penalty (&7HA) 2 line size7} 245 37t
O|&= line size7t 4= map updateE XIF5}7| O 2.
-. Map read penalty (Lf2tAH) is 2KB EE= 4KB line sizeO{| M 7+& AF 3.
-. System Workload #3+= write operation2| H| 50| =3.
[Ch2t A #1, #20f H|S map update penalty (#7HAH =A)O| H|F0| 3.
-. Simulation Z 1}, System workloadOf| A= 2KB2| line sizeOj| A| Total Map Access Overhead 7} 7t%+ 2H5.
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Cache Line Size

Simulation Result

4. Random Write 5. Sequential Write

Total Map Access
Overhead (unit : ms)
600

1 1800 ~
<0000 1600 +
1400 + -
e Periodical map update
40000 A 1200 -+ penalty
30000 - 1000 1 B Cache miss map update
800 penalty
20000 A 600 - B Cache miss map read
400 penalty
10000 -
200 -~
0 T T T T 0 T T T T
@ 2K 4K 8K 1K 2K 4K
—

Line Size
-. Random write0f| A] Total map access penalty= map update penalty (& 7tAM)0f o|sff Z7d .

Map update penalty= line size7t 4% S 7t&h. (map update Bl E {2 0)
-. Sequential write0f| A] Total map access penalty= map read penalty (Lf2tA 0| o|slf 2™ E.
Map read penalty= line size7l 2 =& 2L, O| = spatial localityE 0| 2% & U7| I{2.
-. Sequential write0f| A] cache miss map update penalty (#7+AH) O] 20| 0QIL,
0| = sequential writeOj| A|= cache?t 7t5 X}7| M0 periodical map updateZf A 25| A
O

dirty lineS2& updatesliti 2| 7| [ . (Sequential writeE1§ache o] Bt2 JAZ dirty2 Bt=X|



L2 Table Management Granularity

L2 Table Management Granularity= L1 Table Size0j] 22 0O|HA.

e Number of L1 Table Entry = C}21} Z2 Aloz HYH 7I=. = %
|
Total Density s ]
FTL Mapping Granularity

L2 Table Management Granularity (] ]
Size of one entry ) ]
Ex) when the condition is — ]
-. Device density : 64GB, L1 Table =71 1 B ]

-. FTL mapping : 8KB Logical Page Mapping, L2 Table

. L2 Table Granularity : 4KB,

. size of one entry : 4Byte,

<Small L2 Table Management Granularity>

Number of L1 Table entry : 8KB (INEEEE BN
| ’ mEEEm =
Total L1 Table Size : 32KB , \
CEENE
INENE
o YUHIXOZ L] table MA|7} SRAMO|| 22}7}7| {20, (INEEEE Bl
- = EEEEE
L S = L1 Tabl - N
SRAM sizeZtH 0| A{= L2 table management granularity 7t able e B
2 A2 2378t  INENE
L2 Table

<Large L2 Table Management Granularity>
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L2 Table Management Granularity

L2 Table Management Granularity= miss penalty 0f ¥
e L2 Table Management Granularity 7} Cache line size 2L} 4§ & 4
Map updateA|0] READ-MODIFY-WRITE O| 230 miss penalty

Dirty bit

[c] (omommm

Map Cache

Temporary Buffer
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[=13
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L2 Table

<L2 table management granularity 7} line size 2C} 24} ¢ & Of>
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L1 Table Caching

oldiX o 2 L1 Table2 X X|7} SRAMO]| AFst. SFX|at L1 TableQ| size7} L2 & A2 L1 Table

caching2 112{sll & =& AUS.

L1 table caching2 £|sij A=, L1 table2 7}2|7|= EE S}L}Q| tableO] Q. (ex:LO table).
e LO Table -> L1 Table -> L2 Table -> Data Block

Chxd
| B |

o 70| 5.
e cacheOf|A L1 Table miss7| &fA4SIH, L1 tables loads} 1,
71 20 L2 Table& loaddl{OF St7| U2, miss penaltyZ} S 7t.

M

N TS
oo

o A2 SRAMO| ALE.
L1 Table

e L1 Table Caching0f 2|siAf H k=l SRAM 2710| L2 table2 AR L1 Table
ZICHH L2 Table hit ratioZ} 7}, Ot2F L1 Table missZt X3 244 SEX| L2 Tabl
aple
or= AbE}0|2}D (workload Q| locality7} =< ) L2 Table hit ratio =7p | L2 Table
O

2 QI8 MA| performanceZt £OHE 4= /2.
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L1 Table Caching

Simulation Result

1. System Workload #1

| Oﬁrhead (unlt . mS)
4000

3000 A

2000

1000

L1+L2 Size
0 ———— = >
96K 112K 128K 144K 160K 185K 200K 212K 226K

T i

et |1 Table Full load === 1 Table Half load
(L1 Caching is used)

4. Random Write (full area range)

10000

96K 112K 128K 144K 160K 185K 200K 212K 226K

=g | 1 Table Full load  ====L1Table Half load
(L1 Caching is used)

2. System Workload #2

5000

w00 LN
3000
2000 -
1000 -
0 T T T T T T T T 1
96K 112K 128K 144K 160K 185K 200K 212K 226K

wmpee |1 Table Full load === L1 Table Half Load
(L1 Caching is used)

5. Sequential Write (full area range)

3500
3000 | g—p——0——0—0—0—
2500
2000
1500 —i—l—il—l—l8—a8—a8—a8—a

1000

O T T T
96K 112K 128K 144K 160K 185K 200K 212K

226K

=g | 1 Table Full load  ====11Table Half load
(L1 Caching is used)
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3. System Workload #3
3000
2500 ——ﬂ
2000
1500 \

1000 -

500 -

O T T T T
96K 112K 128K 144K 160K

185K 200K 212K 226K

=g | 1 Table Full load  ====11Table Half load
(L1 Caching is used)

2l HS A ZASH7| W20, L1 caching (&

) o 450 X YS.

4. Random WriteOj| A= L1 Table MissZ}
H
7

— 1
LIHX| caseOf| M=, L1 miss 7} 745 2
87| M20j| L1 caching?| A50| 8.

(L2 hit ratioQ| =72 QIdH)



Conclusion

Map Cache based FTL2 mobile storage 0jjA| 22| AlE.

Map Cache based FTLO|A] Map cache design2 performance?} cost ZHO|A I} S Q.
Map Cache design0f|= 0{2{ parameters 2} algorithms O] =X|.

e Cache size = performance and cost requirementE s A|0| Bt=5|0F &t

o o=

e Cache line size &= performance0 Egf= O|A.

e L2 table management granularity &= SRAM size 2} performance §f

e L1 table size 7t 4B 2 4%, L1 table cachingg 12{dl| = = U3
Map Cache Design THA| 0| A X|& Q] parameter®} algorithm2 %t7| 2|6l A= Sophisticated
Simulation 0| Q.

| g2 03

o -
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