Using Next Generation NVRAM
as a Write Buffer for Flash
Memory-based Storage Devices- €




Motivation

< Solid-State Disk &

o L
= L2 random write M=
° —r — —' —
= Random write0]| Ciot =X 22| 2R
1 |
Device Sequential | Random 8KB , Price $ Power iops/$ iops/watt
SCSI 15k rpm ! 75 MBps | 200 iops , 500$;, 15watt; 0.5 | 13
1 1 1 1 1 1
SATA 10k rpm ! 60 MBps ! 100 iops!  150$! 8watt! 0.7 ! 12
1 1 1 1 1 1
1 [} ] 1 1 1
Flash - read , 53 MBps | 2,800 iops  ??400%  O9watt, 7.0 3,100
1 1 ] 1 1 1
Flash - write i 36 MBps ! 27 iops ! ?? 400$ ! 0.9 watt 1 0.07 i 30

< Jim Gray, “Flash Disk Opportunity for Server-Application’

' Microsoft Research, 2007 >




Motivation
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@\ NVRAM Write Buffer for Hard Disks

* BIE ClAIE QI8 47] WI Y125
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— LRW (Least Recently Written page) &
— Metric : buffer hit ratio
. 27 RN
- M2 H8E &Y
— LST(Largest Segment per Track), CSCAN &

— Metric : delay
= Stack Model : LRW + LST

= WOW : LRW + CSCAN




/@\ Differences between HDD & SSD

*H/WQ| & : well known
“+S/W2Q| &t : Mapping Layer 2| =xj
= Mapping Layer2| S Ef: FTL, Filesystem
= Mapping &4 =5 ©E, M HE
= A2 EHE AT ZEA mergez et d5 X5t

 Extra operations (erase, valid page copy) 2




p \NVRAM Write Buffer for Flash Memory

& AlZH K| TE
= Try to increase the buffer hit ratio
“* Mapping 7|tHHo| S%F E/M 1 &

= Try to reduce the No. of extra operations




How to reduce the number of
extra operations?




@) Necessity of Page Clustering

Data block
write A3 ‘to L1
Al Bl
write A4’ to L1
- A2 B2
write B1' to L2
ite B2'to L2 = =
’ write B2’ to
C2 = =
= Merge Aand L1
s Dl, Cl! Bz) Bl’ A4’ A3’ A B
| (smart Copy)
D2 ite Cl to L1 - =
write 0o
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e C3 D3
- write A1’ to L1
C4 D4

Cc1 write A2'to L1
uster uster uster uster
) , C D
: write A3’ to L1
B2
i Log block

write A4’ to L1

B1’ 2’ A3 A4 _
write B1'to L2
A4’ write B2 to L2
g Block Level Management
A3 Merge A and
L1 (switch)
L1 L2

NVRAM NVRAM Management write C1'to L1

BAST FTL Flash Memory
Operation




Cluster List

@\ Data Structure of Page Cluster

Page List

4




Cluster-based Algorithm 1

s LRU-C
= Least Recently Used (Written) Cluster first
= S HAHO| recencyE 12{ol0 WX S AEHE M
= Sequential write cluster listE& |X|5}¢{ MO =
WNLfEC=E &Z
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Write Cluster
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Cluster-based Algorithm 2

% LC

Aouaday

= Largest Cluster first
 2H2AH2 AV[PE D55ty uN SHAH AF
LRU Cluster Pointer Array
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Cluster-based Algorithm 3

% Greedy-Dual
= Recency?2} cluster sizeE A0 1124
= Time * cluster size | 20| 2 E2AHE uN Aoz MH
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Is there any off-line optimal algorithm?




/@\ Off-line Optimal Algorithm

+*» We can know

= When a page (or cluster) will be referenced again in
the future

»* However, it is hard to know

= How many extra operations will occur in the future
by replacing this page (or cluster) now

< Possibility of finding an Optimal algorithm
= Very, very hard
= Maybe intractable!




/@\ Off-line Pseudo Optimal Algorithms

¢ MIN-C (MIN Cluster)
= 7|Z=9| MIN & 112
- Oj2iof 7+ L&

- Ot20 &=& AL

Z|S2 22{2H0| HE

&xE SHAHE Mgz M
2d)2 0|8

d(B)=6

write buffer

ﬁ\dﬁillllll

write sequence

d(A)=4, d(B)=6, d(C)=9, d(D)=7

victim cluster = C




@\ Off-line Pseudo Optimal Algorithms

** MIN-CS
= MIN-C M 2H0f Cluster size&= 1124
= d(x)*s(x)

d(B)*s(B)=36

T —m——

write buffer write sequence

d(A)*s(A)=8, d(B)*s(B)=36, d(C)*s(C)=9, d(D)*s(D)=21

victim cluster = B




-I\Off-Line Pseudo Optimal Algorithms

5 e < Careful conjecture

£ N\ —., '~ = Optimal algorithm

?; |  Would be cluster-based
% RN « Would consider the
S cluster size

§ 0 . s T e r——

512K 1M 2M am 8M 16M
NVRAM Size

“ Metric
= Which one is more important metric between
‘Recency’ and ‘Cluster size'?
= Maybe we can get hint from the behavior of MIN-CS




/@\ “Recency” versus “Size” in MIN-CS
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/@\ “Recency” versus “Size” in MIN-CS

(uel) azis
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Performance ?




Workload

% Sequential and cache insensitive

Desktop Trace

Attribute

Value

Attribute

Value

Filesystem

FAT32

Filesystem

NTFS

Web surfing, emails sending

Web surfing, emails sending

| |

| 1

| 1

T 1

1 1

| ! - -
Running ! / receiving, document Running | / receiving, document
Application | typesetting, and gaming, Application , typesetting, and gaming,

i multimedia file download E multimedia file download
Duration , One month Duration i One month
Localit 1 75 of total requests access Localit E 75 of total requests access

Y 41 of total page's Y 1 23 of total page's
1 1
1

Total page |,/ 147 956 Total page | 55 545 g51
written ! written |




Workload

s Random and cache sensitive

Database Trace

Total page written 16,659,675

Attribute Value

|

Filesystem | EXT2
1
|
1

Running : PostgreSQL

Application : g
|

Duration . One Week
1

Locality I 75 of total requests access 6 of total page's
\
1
1
1
1
:




Simulation

“ Underlying FTL: BAST
“* Metrics
= Write Buffer page hit ratio

= Extra Overhead for Extra Operations
« Erase, valid page copy




Page hit ratio
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*NTFS trace
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Page hit ratio(%)
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Write Buffer-Aware FTL ?




Observations and Insight

+» Observations
= S AH Q] Flushing
« Random writeQ| A& 0| 5| A=l
o FTLOJ A Log blocke| ZQ 40| LHotZ!
- 2IO2Z 7|8 FTLO| 2R|F
« 21 &0 £ 0|20 40| =51 Hetst= 10| A] smart
copy2 Qlot LHS|EZ F

“ Insight
* Flushk|= S2{AEQ ZajA| HZ2(Q OO E£8
Z Al Bgh = Instant Merge operation




NVRAM

-

uster
0

1
3

4 valid page copies and 2 erases

Data block Free block Log block
l,_ 0 0 G
1 1
2 2
3 3 ‘
Erase Erase Update Map

Smart copy of log block scheme FTL

-_/ 1 valid page copy and 1 erase

Log block Data block
G l,_ 0
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2
) :
Update Map Erase

Instant Merge




Optimistic FTL

< Be OPTIMIST!

"HASE 379 Write Buffer
7t 4, S AH B9
HE WX M2 AtES

<+ And
= U

Average Cluster Size

se Instant Merge
* No Log block except one for IM
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= Use only block mapping (No page mapping)




“ Data block
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Is it OK to be an Optimist ?




Simulation Result
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Simulation Result
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512K

M

ZM am 8M 16M

NVRAM Size




Simulation Result

1.4

1.2

Nomalized Extra Overhead
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Nomalized Extra Overhead

1.8
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B LRU-P-BAST
NTFS m LRU-P-OPT

m LC-BAST
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____________________________________________________________ ®m LRU-C-BAST =
M LRU-C-opt
-------------------------------------------------------- B Greedy Dual-BAST
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Conclusion

% SSDE 9|8t M7|HH 22

= Page Clustering 2R

. Z2|AH 7|8 DXEY T
« Hit ratio@} Extra overhead S A| 15
« Ex. Greedy-Dual
e XX 02|50 CHst nE ER

= WB-aware FTL 7t 2@
« Ex. Optimistic FTL




