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What is SSDFS?

SSDFS is flash-friendly and ZNS natively compatible open-source Linux kernel-space file system
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What is the point of SSDFS?

SSDFS is capable to decrease TCO cost

' 4 v

Prolong SSD lifetime
2x - 10x for real-life

Increase compression
ratio (2x — 20x)

use-cases
3 S RS
Decrease il Pure LES + 100KB
write amplification “ ZNSSSDready BT
(1 > ZOX) -':. 12KB Erase block
Efficient : FS GC /O ol R BT D7y - R — >

TRIM policy 's absent [l o >
Smaller retention Gomprasson "/ Inflation model

) compaction +
issue (1.5x — 20x) delta-encoding
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Decrease carbon footprint

* Prolong SSD lifetime

- Decrease number of write/read I/O requests

- Eliminate GC activity

- Store more data on the same device (increase compression ratio) -

Lifetime estimation

0% 20% 40% 60% 80% 100%

SSDFS can prolong SSD lifetime
2x - 10x for real-life use-cases
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m ext4
u xfs
btrfs
u f2fs
mnilfs2
ssdfs

Decrease TCO cost

: Decrease power consumption

Write 1/O requests
1000-10000 NN

- Decrease carbon footprint

1000-1000 ENNENNNNNIN BNNEEN "> Support “green” economy
= xfs . Save the planet
100-10000 NN : :
T T
100-1000 NN . u fofs
10-10000 NN e m nilfs2 10018
10-1000 NN . ssdfs
{12KB : Erase block
0% 20% 40% 60% 80% 100% o s T .
. I/ \I/ \I
SSDFS is capable to generate smaller amount 7 e \ ]
(1.5x - 20x) of write 1/0 requests comparing with CC‘Z,",,‘,‘;,':;?;‘,’,“;/ Inflation model

other file systems.

https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/

delta-encoding
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Why yet another file system?

NILFS2 mmmp reliability

F2FS - performance

- in-place update superblocks - in-place update metadata area

- COW policy (LFS)
- user-space GC

- COW area
- kernel-space GC

- snapshots - dual checkpoints
- transparent file compression
- file system level encryption
SSDFS

- Pure LFS (COW policy) + ZNS SSD ready

- compression + delta-encoding + compaction scheme

- migration scheme + migration stimulation + noGC overhead
- deduplication (not fully implemented)

- post-deduplication delta-compression (planned)

- prolong SSD lifetime

- snapshots (not fully implemented)
- recoverfs (reconstruct file system state -> heavily corrupted volume)
- employ parallelism of multiple NAND dies

5/4/23

- COW b-trees + journal
- Copying garbage collection

- compression

- Multiple devices

- Replication + Erasure coding
- encryption

- snapshots

bcachefs - reliability + performance
- Copy on write (COW) - like zfs or btrfs

- Full data and metadata checksumming

1. prolong SSD lifetim

) 2. reliability
N 3. performance

https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/

e\
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File systems landscape

Current issues:

« FTL GC responsibility (in-place update)

« FS GC overhead (LFS/COW file systems)

« Significant write amplification

* No ZNS/SMR native compatibility

« Retention issue (not efficient TRIM/discard policy)
 Significant read disturbance

Read disturbance (estimation) Retention issue (estimation)
1000-10000 [N DN 1000-10000 NN I |
1000-1000 [ NN i 1000-1000 [N R | m extd
ex
100-10000 NN PN m xfs 100-10000 [N . Im e
btrfs btrfs
100-1000 [ I 100-1000 EENNNNNN IS m f2fs
1010000 [ W nilfs2 10-10000 [N S W nilfs2
ssdfs ssdfs
- 1IN
101000 | 10-1000 | NS

0% 0% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
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01000 [N BE o
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1010000 [N 0 - seos
101000 [N |
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Write amplification (estimation)
W ext4
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SSDFS architecture (logical vs. physical view)

. Superblock Mapping table Segment bitmap Leaf node Hybrid node Index node User data ¢
Segment view segment segment segment segment segment segment segment |
segment
Logical view LEB LEB LEB LEB LEB LEB
Physical view PEB PEB PEB PEB PEB PEB
/ a" : b
/ [ / )
/ / { S log
\g[l[l | >
header footer header — | footer
full log partial log block bitmap payload

offset translation table

5/6/23 https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/ SSDFS.ORG .



SSDFS architecture (metadata)

Inode

Superblock _, Inodes )

table bitmap

Log ﬁ

@ PEB source

Les 5 . S —.. - A
% PEB :

destination -

Dentries xtents
b-tree b-tree -tree

Superblock Mapping table Segment bitmap Leaf node Hybrid node Index node User data
segment segment segment segment segment segment segment
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Current zones

Current
zone(s)
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-

Main superblock zone

Mapping table zone

Segment bitmap zone

Leaf b-tree node zone

Hybrid b-tree node zone

Index b-tree node zone

User data (create) zone

111111

Migration scheme

Migration scheme |:>
Migration scheme I::>

Migration scheme

Migration scheme |:>

Backup superblock zone

https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/

Current
zone(s)

Minimum: 14 open/active zones
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SSD lifetime (create + update + delete)

128KB erase block - Metadata case - 512KB erase block Metadata case
""""""" ext4 xfs btrfs f2fs nilfs2
128KB 14x-22x 17x-44x 6.6x-78x 15x-29x 0.7x - 1.6x
100-10000 - - 100-10000 - - 512KB 1.7x-3.8x 30x-67x 85x-12x 2x-5x 1.3x — 2.5x
= extd mext4

64 bytes file case

= xfs m xfs
10-10000 - - bufs: 00000 - _ burfs extd xfs bufs f2fs nilfs2

u f2fs m f2fs 128KB 1.8x-6.2x 15x-40x 6.8x-79x 1.8x-43x 1.7x-2.7x
mnilfs2 512KB 23x—-78x 24x-60x B.7x-11x 22x-7.2x 2.2x-4.6x

W nilfs2
ssdfs 10-1000 - ssdfs
R - - - SSDFS is capable to prolong SSD lifetime:

e (1.4x- 7.8x) compared with ext4
(15x - 60x) compared with xfs

®
e G e : e  (6x- 12x) compared with btrfs
128KB erase block G : 512KB erase block *

| @

cosoon [ oy

(1.5x - 7x) compared with f2fs
(1x - 4.6x) compared with nilfs2
uext4 W ext4

SSDFS can prolong SSD lifetime

m xfs ‘ m xfs
1010000 - - bifs  10-10000 - - bifs 2% - 10x for real-life use-cases

= f2fs m f2fs
® nilfs2 m nilfs2 SR —— :
oo [ I s o200 [ NI - Erse, ,
| - Lifetime =
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% : Erase
5/6/23 https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/ SSDFS.ORG



SSD lifetime (create + update + delete)

0%

0%
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128KB erase block : 100K compressed *

128KB erase block

512KB erase block

10-10000
mext4 =oxtd4
uxfs

wxfs
btrfs birfs
uf2fs uf2fs
unilfs2 unilfs2
10-1000 it
0% 20% 40% 60% 80% 100%

60% 80% 100%

E1OOK non-compressed |

................... 512KB erase block
10-10000
uxfs » xfs
btrfs btrfs
uf2fs uf2fs
mnilfs2 = niifs2
ssdfs 101000 ssdfs
60% 80% 100% 0% 20% 40% 60% 80% 100%

https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/

100K compressed

extd xfs birfs 2fs nilfs2
128KB | 6x-8x 19x-26x | 8.3x-8.6x | 7.5x-10x | 6.5x-9x
512KB 1.6x - 2x 23x-41x | 12x-16x | 3.8x-48x |22x-4x
100K non-compressed
extd xfs btrfs fofs nilfs2
128KB__ | 6.2x-8.3x | 18x-26x | 28x-37x | 7.3x-9.7x | 6x-9x
512KB__ | 16x-1.8x | 22x-36x | 38x-57x | 3.7x-4.2x | 2x-3.6x

SSDFS is capable to prolong SSD lifetime:

(1.6x - 8.3x) compared with ext4
(18x - 40x) compared with xfs

(3x - 10x) compared with f2fs
(2x - 9x) compared with nilfs2

SSDFS can prolong SSD lifetime
2x - 10x for real-life use-cases

SSDFS.ORG
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Write amplification (create + update + delete)

128KB P block : ............. . 8MB erase block : FS(erte VO $ FS GC '/O)
* Write Amplification = =
ratio SSDFS(Write /0 + FS GC I/0)

100
™ e:(t4 = extd Metadata case
m xfs
1 = xfs ext4 xfs btrfs f2fs nilfs2
btrfs btrfs 128KB  1.3x-56x 14x-35x 6x-7.7x 19x-4lx 1.2x-5.3x
m f2fs mf2fs 512KB  1.5x-61x 18x-41 7.4x-87x 2.3x-93x 1.6x-13x
| nilfs2 1 . W nilfs2 8MB 1.6x-61x 16x-42x 7.3x-9.8x 2.9x-502x 2.6x—190x

100 1000

o

Ocp 069 f2fs nilfs2

o 0-3 &6)00 P o - 128KB ).5x-29x  06x-2Ix

0 0'3 000‘\’ > it w/o GC /O SI2KB L7x-31x  08x-23x

EMB LBx - 31x 0.7x - 2.3x

- 64 bytes file case . 64 bytes file case
128KB erase block . y 3 8MB erase block &
""""""" extd4 xfs burfs f2fs nilfs2
1000 1000 12BKB  2x-107x  14x-37x 63x-7.5x 24x-53x 3x-27x
512KB 2.4x-116x 18x-40x 7.4x-8.7x 2.9x-108x 3.7x - 52x

8MB 25x-116x 17x-41x 7.4x-89x 3.5x-37Ix 4.2x - 208x

100 f2fs nilfs2
m extd4 W extd - 128KB 1.7x -38x 1.7x - 20x
® xfs o de w/o GC I/0 512KB 2x-41x  1.9x-22x

btrfs 10 btrfs 8MB 2.IXx—-41x 2x-22x

I L mf2fs I I = f2fs
W nilfs2 ' W nilfs2
1 SSDFS is capable to decrease a write
Wy@\g&&ﬁ x<;:9° o P o amplification issue 1.5x - 20x comparing with
& other file systems.
5/6/23 https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/ SSDFS.ORG 12



Write amplification (create + update + delete)
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mextd mextd
»xfs uxis
btrfs btrfs
nf2fs uf2fs
l u nilfs2 = nilfs2
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: FS(Write I/O + FS GC 1/0)
* Write Amplification

ratio

SSDFS{Write I/0 + FS GC I/0)

100K compressed
extd xfs birfs f2fs nifs2
128KB 4.5x% - 20x Bx-17x 0.6x - 4.8x 5x - 9x 5x - 9x
512KB 7x - 39x 16x - 27x 1.2x- 7x 8x - 17x 7x- 17x
8MB 7x - 49x 18x - 31x 1.5x - 8x Ox - 22x 8x - 22x
f2fs nilfs2
128KB 4.5x - Bx 4x - Bx
wio GC /O IR A —amh -t
SMB 7x - 20x Tx-20x
100K non-compressed
exi4 xis birfs 2fs nilfs2
128KB 0.9% - 2x 0.9x - 3.3x 0.9x-3.8x__ | 0.9x-1.1x__ | 0.9x- 1.1x
512KB 1x - 2.4x 0.9x - 3.6x 1x - 4x 1x-1.2x 1x-1.2x
8MB 0.8x - 2x 0.7x - 3.7x 0.7x - 4x 0.8x - 1.3x 0.8x - 1.3x
f2fs nitfs2
mextd 128KB 0.9x 0.9x
w/o GC I/0 I Hae o T
=xfs B 0.7x- 1x 0.7x- 1.1x
btrfs
uf2fs
snits2  SSDFS is capable to decrease a write

amplification issue 1.5x - 20x comparing with
other file systems (compressed case).

https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/

SSDFS.ORG
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Payload (create + update + delete) - erase blocks

128KB erase block
1000:10000 N o
01000 [ I

mextd
100-10000 - _ m xfs 100-10000 - _
btris
i) [ e woro00 I
mnilis2
O T A

201000 [ I

0% 2% 40% 60% B80% 100%

128KB erase block

1000100 [N I
o000 NN I

mextd

o000 [N D @ - wor0c0 [ NN
btrfs

o) N s ovon N I
| nilfs2

1010000 [N ssdfs 110000 [N DN

w1000 [ N w00 [N

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
5/6/23

mextd
m xfs
btrfs
mf2ts
m nilfs2
ssdfs

mextd
mxfs
btrfs
mf2fs
mnlfs2
ssdfs

https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/

FS payload
Payload =
ratio
SSDFS
load
Metadata case
lext4 [xfs btrfs |f2fs Inilfs2
128KB 0.7x -21x  |2.1x-10x |1.7x-14x [2.9x-14x |0.9x - 18x
512KB 0.4x -80x |1x-33x 1x - 39x 3.7x -63x |2x-11x
8MB 0.3x = 315x 0.3x - 189x [0.7x - 409x |1.2x —472x |1.5x - 189x
64 bytes file case
extd xfs btrfs 2fs nilfs2
128KB 2.7x-15x 54x-12x 23x-10x 4.7x-16x 2.4x-29x
512KB 25x—-64x 34x-40x 14x-27x 5.4x-68x 8.4x-31x
8MB 0.7x —248x 0.7x —165x 0.7x—-268x 1.5x-330x 2.2x —186x

SSDFS is capable to create smaller (2x - 20x) payload.

However, SSDFS can generate more payload for
some use-cases (for example, 10-10000, 100-10000)
compared with ext4, xfs, btrfs.

SSDFS.ORG




Payload (create + update + delete) - erase blocks

128KB erase block 100K compressed. gMB erase block : FS payioad
Payloadratjo =
1000-10000 | EENEEEG_ N 1000-10000 NN EE——— - SSDFS
10001000 NS NS 10001000 - E— " S e e
. fs
100-10000  EEG_—_— S e
SE buta 10010000 NN, btrfs 100K compressed
u f2fs 100-1000 = f2fs extd xfs btrfs f2fs nilfs2
10-10000 NN S—— wnifs2  10-10000 NN DI mnilfs2 128KB | 11x-42x | 49x-53x | 04x-07x |23x-28x  22x-3.4x
10-1000 I s ssdfs 512KB 5x —27x 9x —15x 0.7x—-2.2x | 12x—17x 12x-17x
10-1000 NN sadle 8MB 38x—50x | 6.7x—18x | 0.6x—13x | 7x—31x ___ 7.5x—27x
0% 20% 40% 60% 80% 100%
0% 20% 40% 60% 80% 100%
100K non-compressed
- 100K non-compressed - extd xfs btrfs f2fs nilfs2
128KB efmag block :- <" NEITCOMPREses. & 8MB erase block 128KB | 0.1x-0.4x | 0.5x 0.2x—-04x | 02x-0.3x _ 0.2x-0.3x
512KB 0.5x - 1.9x 0.8x — 0.9x 0.9x—1x 1xX—1.1x 1x—1.1x
8MB 0.5x—2.2x | 0.7x—0.9x | 0.8x—2x | 0.7x—16x  0.7x—1.3x
1000-10000 NN SN 1000-10000 SN I ”
ne
1000-1000 NN  EEEN '::4 1000-1000 EENEENNN SN g
a 100-10000 [N | .
100-10000 NN ENEN birfs s SSDFS is capable to create smaller (2x - 20x) payload.
100-1000 EENEEN N 100-1000 N | = f2fs
= f2fs However, SSDFS can generate more payload for
10-10000 D . #nilfs2 10-10000 NN f— ] mnilfs2 d d bl k i
some use-cases, data type, and erase block sizes.
10-1000 NN DO ssdfs 10-1000 NN . ssdfs ' ype,

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

5/6/23 https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/ SSDFS.ORG 15



Read disturbance (create + update + delete)

* Metadata case -

128KB erase block
1000-10000 [N I
10001000 [ I

8MB erase block
1000-10000 [ N
1000-1000 [l N

‘ m ext4
100-10000 [N NN m xfs 100-10000 [N I
btrfs
100-1000 | N " 2fs 100-1000 [ N
M nilfs2
10-10000 N I s 1010000 | I

10-1000 | I

0% 20% 40% 60% 80% 100%

- 64 bytes file case -

10-1000 |

0% 20% 40% 60% 80% 100%

128KB erase block o e 8MB erase block

1000-10000 | I wovtooco W
1000-1000 NN I .o 1000-1000 [N DI
100-10000 [N " xfs 100-10000 [N

1001000 1 I, 101000 |

1010000 NN [ L 10-10000 NN

101000 N I 101000 [N I

0% 20% 40% ©60% 80% 100% 0% 20% 40% 60% 80% 100%

5/6/23

mext4
m xfs
btrfs
m f2fs
M nilfs2
ssdfs

mext4
m xfs
btrfs
mf2fs
| nilfs2
ssdfs

https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/

Metadata case

extd xfs btrfs f2fs nilfs2
128KB  0.1x-05x 13x-24x 02x-09x 0.1x-7.8x 4.5x-27x
512KB  0.1x-0.8x 08x—-43x 0.1x-1.4x 0.06x—-12x 2.8x—44x
8MB 0.05x -09x 04x—-4x 0.06x-1.8x 0.03x-15x 1.5x-53x
64 bytes file case
ext4 xfs btrfs f2fs nilfs2
128KB 0.2x ~ 3.4x 1.7x -4.8x 0.2x - Ix 0.1x - 6.9x 4.9x - 27x
512KB  0.1x-5x 09x—-73x 0.1x-1.5x 0.08x-10x 3.5x -41x
8MB 0.05x-56x 04x-8x 006x-1.6x 0.03x-11x 1.5x—-45x

SSDFS generates smaller amount of read I/0
e (1.5x - 50x) compared with nilfs2
¢ (1x- 8x) compared with xfs

SSDFS generates bigger amount of read 1/0O:
e (1x-20x) compared with ext4
e  (1x-16x) compared with btrfs
e (1x-26x) compared with f2fs

SSDFS generates more read I/O for bigger erase
blocks with smaller partial logs. Offsets translation
table is the main contributor to this issue.
Solution: store full offset translation table in every
log + compress offset translation table.

SSDFS.ORG 16



Current status

* Mount logic — stable

* Mapping table — stable

« Segment bitmap — stable

* Migration scheme — stable

* Inodes tree — stable

* Dentries tree — mostly stable
» Extents tree —

 Xattrs tree —
 Delta-encoding —

SSDFS tools: https://github.com/dubeyko/ssdfs-tools.git
SSDFS driver: https://github.com/dubeyko/ssdfs-driver.git
Linux kernel with SSDFS support: https://github.com/dubeyko/linux.git

8K/16K/32K logical block support — not stable
Multiple erase blocks in segment — not stable
Moving scheme — not stable

Folio adoption - not fully implemented

PEB inflation model — not fully implemented
Deduplication — not fully implemented
Snapshots — not fully implemented
Recoverfs — not fully implemented

Fsck — not implemented
Post-deduplication delta-encoding — not implemented

Support open-source project

5/6/23 https://www.indiegogo.com/projects/ssdfs-zns-ssd-native-file-system/x/34131201#/
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Testing use-cases

Metadata User data

64 bytes . 128KB

Create empty file Create file 16KB Erase block size | 512KB
100KB 8MB
64 bytes

Updat ty fil Update file 16KB .

S s : 100KB Testing sequence:

64 bytes - format partition (mkfs - default settings)

Delete empty file Delete file 16KB = blkf(rac-e <p§ﬂltlon>
100KB - while (iterations < (Total/N)) {

mount();
while (items < N) {
execute_use_case();

Total } t0
unmounty);
e }
10 10000 3 e blkt
100 1000 N N N N " stop e
100 10000
1000 1000 / \
1000 10000 mount unmount

13 SSDFS.ORG



Methodology

.
o)
=
3
®
I

:Erase = Capacitygg * Erase Block .

limit

: = + - + -
. Erasetotal EraseFTL GC EraseTRIM Erase FS GC Eraseread disturbance Erase retention
: - /0O el
- Erase = Write - Erase Block,, .
- FTL GC EB unique = -
: 9 PayloadEB Erase BIOCkunique TRIMEB

Erase . .. = Payload_, - Valid Data_j

/O |
Read T'meuse-case S P
' Erasa B EB Frase . = * Fayloat.p
: read disturbance Feenuen 3 months
ThreShO|ddisturbance
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