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Target System
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Characteristics of NVRAM (PRAM)

1m e -
| T e Flash memory device
100u ; ; = Erase before program
_ - = Different granularity on erase and
g 10u -/ NOR program operations
g | Storace = Limited life time
ol e memoy = High Density (NAND)
Flash memory, Erase B FaSt readlwnte
10n NGNVM, No erase Op. = Byte operation (random access])
memory .- ‘S Volatlle memory = No erase operation
= Capacity (cost] problem
100M 1G 10G 100G

Capacity (bit)



PRAM vs. NAND
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Features PRAM NAND(MLC]) NAND(SLC]
Interface Byte Access Page Access
NOo erase op Need for Erase
Endurance 1] 100K
Density 512M bit 64G bit
. Async: 80ns 20us(page])
pose=sline Sync: 10ns Serial access:25ns
Word Program Time 10us (word) 200us(page])
Block Erase Time N/A 1.Ams
|_a1:en(;yA Latency‘ PRAM 10us PRAM 1us
|
120US ----------------------------------- 8OOUS ..................................................
BOUS ks NAND SLC oS oeeeeeeeeeeit s
PRAM async 200us NAND SLC
25us PRAM sync
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PRAM vs. NAND :

PRAM NAND
Strength = Byte access » Large capacity

= XIP = Write endurance

= No erase/in-place = Fast Seq. I/0

update

= Low latency
= Endurance

Weakness | Density » Erase op.
» Seq. Write speed » FTL

= Wear-Leveling
» Garbage-collection
= Page/block access




Related Work

Arch. Based | NVRAM NVRAM [ Disk(NAND) Reliability Year
on Usage Mgmt. Usage

HeRMES MRAM + Compressed 2001
Disk Metadata
Write buffer
Conquest BBDRAM FFS-like Metadata Slab/Zone/  Large File data Soft update 2002
+ Disk Small File data Page Consistency checker
Shared Library  allocator
MRAMFS MRAM Compressed 2004
only Metadata
Greenan MRAM + LiFS Metadata MRAM File data Online consistency checker 2006
Disk allocator EVENODB(ECC)I
et. aI, MMU Page protection
(H/W)
PRIMS MRAM + LiIFS Metadata MRAM File data Online consistency checker 2007
Disk allocator EVENODD(ECC)
Erasure-encoded Log-
structure (S/W)
FRASH FRAM + YAFFS Metadata RAW Metadata 2007
NAND (replication) File data
MiNVFS FRAM + YAFFS Metadata BGET File data 2007
NAND Memory
allocator
PFFS PRAM + FFS-like Metadata RAW File data 2008
NAND
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Metadata trickle down to

Application Application’
User Data @ User Data@
File system (FAT) File system (FAT)

User Data

+
User Data @ &FS Meta Data

Block device driver

FS Data Q
. 3
FS Data Q ' FTL Meta User Data@ ' FTL
Meta

Low level device driver (LLD) LDD NAND LDD PRAM
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Approach in File System Level

FSMS

[File System Metadata Separation]
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File System Metadata Separation (FSMS) 1

Blk#n |

PRAM Device NAND Device

- Separate File System Meta data [FAT,DIR,Log] from NAND Flash
— Store FS Metadata on PRAM - Decrease random access to FTL
— 0Only the user data will be stored on NAND flash

— Random Access decrement -> FTL overhead decrease —> Performance
and life span of NAND flash increase
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Selective Programming 12

- Selectively programming programs only the
modified words among metadata block.
— 0n average, only 16 % of one metadata block is changed

[File system

20K —————— T Read
3 . M Celd
= - [N
S12bytes ! Lo
K , : I request
[6K } : JL I : : |
| |
PRAM -
RN 1 | S12bytes
5 | Lileer
| ! o |
ko 8K Write <<DlZl‘)}'t€'S | |
I | |
) I requesti_ _ _‘_’_ SN I R
4K
: PRAM Device
({
0 23 30 73 100 123 150 173 200 225 230
Number of chunged word
Distribution of changed words in meta data write requests Filtering write request on PRAM
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Approach in Block Device Level

NFTL

[PRAM+NAND hybrid storage FTL)
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Implementation of hybrid FTL 4

- PRAM, NAND Layout
- No scanning is required.

Physical Page Bitmap Block Infomation Page Mapping Table PRAM Context

Status
PP#0

| Valid Page | e i Invalid Page Invalid Page |

Valid Page . G Valid Page Invalid Page Valid Page

Invalid Page Free Page

| Invalid Page l

Invalid Page

| Valid Page I . Valid Page Invalid Page




Implementation of hybrid FTL — N

PP for LPO
PP for LP1
[P |

PP for LP4

St. for PP2
St. for PP3
St. for PP4

.
e

.

{  validPage |

Status of Physical Page

' St.fterPN . 0x00:Free

0x01 : Valid
0x11 : Invalid

History of LP Page Mapping : LP to PP
8 hits 24 hits

24 bits allow 8GB storage spacein 2KB Page

Full page mapping
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*  Workload
—_ Synthesized Seq./ran. CPU S3C2413, 200MHz
workloads
PRAM 64MB (KPS1215EZM)
— 10zone
. NAND 1GB MLC (K9G8G08UOM)
« Metrics
FS/OS TFS4/Nucleus RTOS
— Throughputs

— Erase counts for life span
— DRAM requirement for the
implementation cost
« Comparison

1. Log block FTL (LBFTL)

2. LBFTL + FSMS,
3. hFTL,

4. hFTL+FSMS
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 LLD (Low Level Device driver)
— Read: 4.25MB/s, Write 1.7MB/s

— Sequential Read: 4.16MB/s (LB-FTL, hFTL Similar)
— Random Read: 4.09MB/s (LB-FTL, hFTL Similar)
— Sequential Write: 1.62MB/s (LB-FTL, hFTL Similar)
— Random Write :

—S— hFTL Writc —H— LBFTL_Write hFTL_Read LBFTL_Read
4,500 4,500
I I - ke My N—;  — ——; — ——: L ) e itnd Nty Nty N, — a——
4,000 4,000
LLD Read 7

3,500 ,500 ~Random read
@ 5,000 3,000 :
= - S o Random write
> 2 ouUl . 2ol
£ | LLDWrite R % /
O ~ -
S 2,000 D00 e oo e KT ——— I LRI S ——— Y S
2. - ——e—o—o—o—o—o+—=% ol o & o o5 ol &5 O
= SLSoer——— T e 1,900 X 2 ' = ' i 2 lé/zl

1,000 1,000 :

500 500 F - =

. v - M
L= D = | | = |

o
e

32 G4

Requas! o

o o) 2 IG
size (KB Recussl anil size (KB)
@ Scgaonlial acocss pal om Random access pallern

512 IKE  2KB 8 16 32 654 128 256

512 1KEB  2ZKDB
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I0zone benchmark for Sequential 1/0

——|BFTL H-LBFTL+FSMS hFTL hFTLHFSIS
Schemes with FSMS
1’600 H g = r— — = r:l
100k S B S
AU s A A | ,4 H — E =
o & < : /m‘/ » /
o~ i & = 1,200 &3¢ S
€ — s :
1,000+ S -
: / $chemes without FSMS
. Vs H
800+ / :
600 ia¢
=\
400
IO e —
8 16 32 64 128 256 512 1KB 2KB 8 16 32 64 128 256 512 1KB 2KB

Request Unit Size(KB)
a) Sequential Read

Request Unit Size(KB)
a) Sequential Write
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File System Level Evaluations 1o

- |0zone benchmark for Random I/0

—0—LBFTL -5-LBFTL+FSMS

hFTL hFTLHFSMS

52 54 128 256 Hlz KB
Request Unit Size(KRB)
¢) Random read

| | Schemes with hFTL
/Ez; R T:Tn."".: ,/’)i;////
rw////f = 00 | . ///}0
> 200 [
s g Schemes without hFTL
~ T Wawstsarssssssssssssarasssrarnnend

5E 54 256 ol
Request Unit Size{KB)
d) Random write

128 IKE  ZKEB
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Life Span and Implementation Cost 20

- Life Span "

operation
=

[1.99] )
(0426

[OK
3K

(
[BFTT.  TBFTL [SMS  JFTL OETL TSNS

- Implementation Cost

Number ol erase

O <FTI @ cFTI TSMS aOFFTE O RETE TSRS

Required PRAM for 1GB NAND:
For FSMS:2 MB

For hFTL : 2.5 MB —E
10

i 1ATs (I RNRNIAY
ozt netion
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Conclusion »

Industrial assumption/viewpoint

- Embedded systems are mostly handsets and digital
gadgets.

- Storage systems should be FAT-compatible.

Contributions

- Two heterogeneous storage memories, PRAM and NAND
flash, are combined in a synergetic way.

- Qur two schemes have the metadata trickled down to
PRAM instead of NAND.

- FSMS: The hybrid block device driver locates filesystem’s
metadata in PRAM

- hFTL: The hybrid FTL locates all the FTL-related metadata
in PRAM. It enabled full-page mapping.

Further work

- Scalability for large NAND flash storage
- PRAM Reliability
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Logical Delete 23

- Functionality of “Logical Delete”

Space that deleted file A occupied
7 C\n\ File system

a

PSN125 |

’—‘ NAND Device

File system

,,,,,,,,,,,,,, R R R
Overhead of the space
: occupied by deleted file

PSN' s status information Bitmap: InvalidE! .
: Sector Marking PRAM Device




