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BetrFS A right-optimized, write-
optimized file system
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extd is good at sequential I/O
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*higher is better
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extd struggles with random writes

120 -

80 -

MB/s

40 -

0 ¢

Random Overwrites

*higher is better
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What Is going on here?
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Avoiding seeks: log-structured

file systems
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BetrFS
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Advancing write-optimized FSes
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BetrFSuses B -Trees
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For this talk, we treat BE as a black box that performs
fast insertions and fast point and range queries




B'-Tree Operations

¥ O'R%**)5"&"<$AC2)&8="2)"3*=EM&%,*"R&$

1 !
' 'msert( K V) ' get, put, and delete
llv = search( | elements one-at-a-time

lldelete( k) !
~ uery a range
1 1kO = successor( k) ! : op\llaluesg
|

11kO = predecessor( k)|
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lHupsert (k, A)!
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B -trees search/insert asymmetry
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To get the best possible performance,
we want to do blind inserts (without searches)




upsert = update + Insert

upsert (k,A) -
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File System ! B Tree
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*00$2,2%2-#.,%/3------- path-->  struct stat |
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Operation Roundup

|R*8&C2)""" M ™ ™ O'RY%**)5&C2)"

8*&<"

Q83$5*"
*5&<&5&", R<&5*"
readdir !

mkdir / rmdir !

unlink |
rename !

8&).*"W,*8
upsert !

upsert " Efficient
8&).*"W,*8=" directory scans
""l_'Jpsert .
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Integrating BetrFSwith the page
cache

¥ #8$5*EG&A3"AKADS)."A&)" A2)M*85"4$). %*E
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Page cache integration #1.
blind write

write(/homefbill/ foo.txt , []
1
I No cached
Is the : page.
target page :
cached? : l :
I - |
| i
i i
. I |
upsert (/home/bill/  footxt , [] ! 1 |
S 4
5 &

upsert (/home/bill/ foo.txt , [] !



Page cache integration #2:
write-after-read

write(/homefbill/ foo.txt , [] !

N&8.*5"R&. ™

ISthe $4"A&AO*<H;

target pa- Is the

cac! target page
dirty?

Target page
is clean.

(-

upsert (/home/bill/ foo.txt

Cached page is
now consistent

upsert (/home/bill/ foo.txt , [] !

I‘llll
N



Page cache integration #3:
write to mmapOed file

write(/homefbill/ foo.txt , [] !

42"5%$-(25%
U02*UGSI@AD #0-6267%,8-

Is the
target pa~ Is the
(of- o target page
dirty?

------

We wait for page Target page

writeback to persist Is dirty.

ournew data.  dEEEEE Ll




Page-cache takeaways
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System Architecture

O B ~
,‘D y2<$\r<p” |

BetrFS Kernel I :
module registered : - J*QA2<" |

_—l -

Imported as a B® Tree

binary blob
E J$43" j

Use an existing
file system as
block manager




Performance Questions
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Experimental Setup
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Small, random, unaligned writes are

an order-of-magnitude faster

1000 Random 4! byte writes M I"VEBI6*H"8&)<2" <858

100+ ¥ I+XXX"8&)<2"YEG=5*"Q8%$5*
¥ fsync () "&5"*)<"

Log Scale

Time (s)

BetrFS benefits

0.17s vs. > 10s from blind and
sub-block writes

*lower is better



Small file creates are an order-of-
magnitude faster

Small File Creation

¥ A8*&5*"Z"$%%$2)"\%*4"&)<"

100000 - After Creating the |||||||||||||||| Q8$5*"PXXEG:5*4"52"*&
1 mi"ionth ﬁle, G&%&)A*<"<$8*A528="58**m|
whatisthe = OO QIBE)2 3P
throughput v R*8@28'&)A*"2 M*8"C'*"
'g 10000 -
S = BetrFS
Q @ btrfs
2 < extd
E w xfs
L 1000- w zfs
Log Scale
100+

0 1M 2M 3M
Files Created
*higher is better



Sequential 1/0O

100-

75~

MiB/s

25-

1GiB Sequential 1/0

50-

I
read

Operation
*higher is better

I
write

¥ #8$5*'8&)<2"'<&5&"52"\%*+"
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¥ K*W,*)C&Y%%="8*&<"<&5&"G

BetrFS
btrfs
ext4
xfs
zfs

Write all data at
least 2x
(Bs-tree journaling)




BetrFSforgoes indirection for
locality: delete, rename O(n)

BetrFS Delete Scaling

300 -
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Time (s)

100~

File Size

¥ Q8%$5*'8&)<2"<&5&"52"\%*+"

sync () "$5"

¥ <O*5*\0*

= BetrFS

O(n) scaling:
must delete
each block

individually



BetrFSforgoes indirection for
locality: fast directory scans

GNU Find

grep ! ¥ 8*AB84$M*"4A&L)4" @82"8.

T ?%$),["ZH!IH!X"42,8A*
¥ VIL" find "4A&)4"%*"

P Y s *5&<&5&"

¥ grep Br "4A&)4"\%*"

A2)5%)54"

60 -
15

Time (s)

40

full-path keys let
BetrFS efficiently

implement scans using
range queries




BetrFSBenefits Mallserver
Workloads

IMAP ¥ J2M*A25"PHPHIZ"&$%"4*8IV
(50% read, 50% mark or move) v ASI2HI #

¥ P +XXXync() "2R*8&C2)4"

600 -

400 - BetrFS

Time (S)

200+

*lower IS better



BetrFSBenefits rsync !

In! place rsync of ¥ rsync "?$),['42,8A*"58**"52"
LanX 3.11.10 |||||||||||||||| 52")*Q"<$8*A528‘#Q)lDK"
¥ A2R=$)."52"&)"*R5="<$8*A5:
30+
" 20- —-in-place
P flag lets BetrFS issue
= blind writes
10+
0_

*higher is better



Performance Questions
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BetrFS
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