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FUSE is used everywhere, even in HPC computing ...
it Is just too convenient, has worse reputation, than it
actually is ...
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FUSE architecture
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The main function categories in FUSE

Lookup FS hierarchy
lookup(parent, name) BREleREREEER

associate an inode

Forget something
In the hierarchy

. Do something
func(inode[s]) by inode(s)

forget(parent, name)
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When using the FUSE low-level API you have to implement these functions :

Group (#) Request Types
Special (3

Metadata (14) | LOOKUP, FORGET, BATCH_FORGET,

CREATE, UNLINK, LINK, RENAME, RE-
NAME2, OPEN, RELEASE, STATEFS,
FSYNC, FLUSH, ACCESS

Data )
Attributes (2) | GETATTR, SETATTR

Extended SETXATTR, GETXATTR,

Attributes (4) | LISTXATTR, REMOVEXATTR

Symlinks (2)

Directory (7) MKDIR, RMDIR, OPENDIR, RE-
LEASEDIR, READDIR, READDIRPLUS,
FSYNCDIR

Locking (3) GETLK, SETLK, SETLKW

Misc (6) BMAP, FALLOCATE, MKNOD, IOCTL,
POLL, NOTIFY_REPLY
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eosxd

Namespace FuseServer

* The Fuse Server server-side CLI is used to ...

e show connected clients

 and most important state information (stuck 10 etc.)

* evict unwanted clients
 show notification subscriptions and permission delegation (capabilities)

* drop state information
« capabilities (directory subscriptions)

* locks (delegated locks given to a client)

* configure heartbeat and broadcast configuration

* how often each client has to send a heartbeat

 audience suppression to avoid too high callback rates
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Namespace FuseServer = =
p—
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. eos fusex Is
1.14 online Wed, 19 Apr 2023 11:10:21 GMT 5.75 1.09 c6a@cff8-dea2-11ed-b606-80d4a5b16ccH p=32919 caps=0 fds=0 autofs [vacant] act mount=/eos/hom
1.14 online Wed, 19 Apr 2023 10:50:17 GMT 9.58 1.15 f8974194-de9f-11ed-b8d9-80d4a5b16cc9 p=15866 caps=0 fds=0 autofs [vacant] act mount=/eos/hom
.1.14 online Wed, 19 Apr 2023 01:32:17 GMT 8.29 0.11 052cbbl16-de52-11ed-a9b0-f02fa78bd@33 p=16475 caps=0 fds=0 autofs [vacant] act mount=/eos/hom
1.14 online od, 19 Apr 2023 09:41:30 GMT 3.47 1.06 5cb5607e-de96-11ed-8c96-f02fa78bd033 p=28162 caps=0 fds=0 autofs [vacant] act mount=/eos/home
1.14 online 8. Apr 2023 20:14:33 GMT 0.72 0.42 a254458a-de25-11ed-9f2b-f@2fa7 33 p=4924 caps=0 fds=0 autofs [vacant] act mount=/eos/home-
: 1.14 online Apr 2023 10:16:0 T 4 0.82 deaf092c-d851-11ed-9ee9-f02fa 29242 caps=0 fds=@ autofs [vacant] act mount=/eos/hom
E .14 ADLa2023 14:20:4 T 8 1.14 1f9ac—-debd-11ed-8591-80d4a : 48105 caps=0 fds= [vacant] act mount=/eos/hom
. 214" "online 0 3 57 GMT 6 0.23 14f86-deb8-11ed-aldb-80d4a5016Ca caps=0 fds=0 : [vacant] act mount=/eos/hom
C .14 on X . 3 57 GMT 6 0.12 p47d2-de40-11ed-851a—-TRA2Ea78bd06 5 [vacant] act mount=/eos/hom
b7911pl1277.cern.ch 5.1a14 on A 0 22 GMT 2 0.49 82e16-ddz —llnd—brﬂft 78bd06 [vacant] act mount=/eos/homs
b7911p1277.cer on c: 0 5 P 22 239 Lk 11452-dCE 8776- 78bd06 1 fds=0 autofs [vacant] act mount=/eos/hom
b7911p1277s on Wed, 19 Bpr 20237 99:38:14 GMT 9% il. 57846-C 813b- 8bd@6b p=40887 caps=0 fds=0 autofs [vacant] act mount=/eos/home
b7g11p135 Wed, 19 Apr 2023 19:42;32'GMT'3.73 2334G ‘ 9a8f-& 16c87 p=40981 caps=4 fds=0 autofs_[vacan?] act mount=/eos/hom

a—
—

—

—
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;Hb7911p1215 cern.ch

d

d 1247

d b7g’"p1277 cern.ch
eosxd b7911pl277.cern.ch
eosxd D -
eosxd b7g91l1pl277.ce
eosxd b7g11p135

online

online
online
online
nl NE

:;'.l ln\ ,

onllne
on
on:

19 Apr 2023

19 Apr 2023
19 Apr 2023
B . Apr 2023
Apr 2023

—

Osl(ll

BES'I' OF FUSE

UE

—

eos fusex Is
1.09 c6a@cff8-dea2-1led-b606-80d4a5bl6cc9 p=32919 caps=0 fds=0@ autofs [vacant] act mount=/eos/homs

B 1.15 f8974f94-de9f-11ed-b8d9-80d4a5bl6cc9 p=15866 caps=0 fds=@ autofs [vacant] act mount=/eos/hom
) 0.11 052cbb16-de52-11ed-a9b0-f02fa78bd0@33 p=16475 caps=0 fds=0 autofs [vacant] act mount=/eos/hom
f 1.06 5cb5607e-de96-11ed-8c96-f02fa78bd0@33 p=28162 caps=0 fds=0 autofs [vacant] act mount=/eos/hom
» 0.42 a254458a-de25-11ed-9f2b-f02fa7 33 p=4924 caps-o fds=0 autofs [vacant] act mount=/eos/home:
4 0.82 deaf@92c-d851-11ed-9ee9-f02fa7 3 p= ) ¢

3 1.14
b 0.23
T
» 0.49

 a [vacant] act mount=/eos/homs
) autofs [vacant] act mount=/eos/hom
ofs [vacant] act mount=/eos/hom

ofs [vacant] act mount=/eos/hom
82e16-ddac-1led-b151- tofs [vacant] act mount=/eos/hom
452-dEE 8776-f 6841 caps=0 [vacant] act mount=/eos/hom

"' 57846-0 813b-f de6b p=40 aps=0 fds-o autofs [vacant] act mount=/eos/hom
23a4 : 9a8f-§ 16 p=40981 caps=4 fds=0 autofs [vacant] act mount=/eos/hom

|

f9ac-debd-11ed-8591-80d4a5
44f86-deb8-11ed-aldb-80d4a5
p47d2-ded40-11ed-851a—-1k
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Namespace FuseServer SE =

—
eos fusex Is

online Wed, 19 Apr 2023 11 1@ 21 GMT 5.75 1.09 c6a@cff8-dea2-1led-b606-80d4a5blécc9 p=32919 caps=0 fds=@ autofs [vacant] act mount=/eos/homs
' B 1.15 f8974f94-de9f-11ed-b8d9-80d4a5bl6cc9 p=15866 caps=0 fds=@ autofs [vacant] act mount=/eos/hom

on
=
[
H

eosxd b b7911p1215.cern.ch

ern.ch 5.1.14| online 19 p|.2023 01 32 17 GMT 8.29 0.11 052cbb16-de52-11ed-a9b0@-f02fa78bd@33 p=16475 caps=0 fds=@0 autofs [vacant] act mount=/eos/hom

ern.ch 5.1.14( online EﬁabquB GMT 3.47 1.06 5cb5607e-de96-11ed-8c96-f02fa78bd033 p=28162 caps=0 fds=0 autofs [vacant] act mount=/eos/homs

ern.ch 5.1.14( online 'pr :14:33 GMT 0.72 0.42 a254458a-de25-11ed-9f2b-f02fa78bd@33 p=4924 caps=0 fds=0 autofs [vacant] act mount=/eos/home-

0S) ern.ch 5.1.14/ nline , pr_2023 10:16:0 T 44 0.82 deaf092c-d851-11ed-9ee9-f02fa7 29242 caps=0 fds=@ autofs [vacant] act mount=/eos/hom

ient : d .cern.ch 5.1.14] online Af : 20 T B 1.14 f9ac-debd-11ed-8591-80d4a5hliBca! @ autofs [vacant] act mount=/eos/hom
lient : d " ,‘.]¢;m .cern.ch 5.1.14] online . : b 0.23 44186-deb8-11ed-aldb-80d4a5bl6Cca s [vacant] act mount=/eos/hom
lient : eosxd b7g pl1277.cern.ch 5.1.14] on Tue, b 0.12 p47d2-de40-11ed-851a-f | [vacant] act mount=/eos/hom
lient : eosxd b7g11p1277.cern.ch 5.1ad14] on Tue, ? 0.49 2e16 ddac-1led-b1b1- ofs [vacant] act mount=/eos/hom
lient : eosxd 4] : [ fed, Y 1} i " 37 9 L b2-dEL 8776- g 6841 c 0 1 autofs [vacant] act mount=/eos/homs
lient : eosxd b7g11pl277.CEE on Wed, 19 Apr 20237 09:38: ‘p * 7846— '81%— 78bd@6b —40887 caps-O fds=0 autofs [vacant] act mount=/eos/homs
lient : eosxd b7g11p1358 Wed, 19 Apr 2023 19:42:32°GMT 3.7 2334 9a8f- b16c87 p=40981 caps=4 fds=0 autofs [vacant] act mount=/eos/hom

L] -
—




L1ent -
lient :
lient :
lient
lient :
lient :
lient :

: eosxd b7q: 1p1277 cern ch
eosxd D/7g11p o
eosxd b7gllp1277.cern
eosxd b7911p13588E

eosxd

Namespace FuseServer

~eosxd & 4 & b7011p1215.cern.ch 5.1.14 online

eos

eosxdeos fusex

rn.ch 5.1.14| online
ern.ch 5.1.14( online
' 5.1.14| online
Snulasnl 1line

Wed, 19 Apr 2023 11 16 21 GMT 5 75

—

19 p|02023 01 32 17 GMT 8.2
30 GMT 3.4]
prgﬁabgq :33 GMT 0.77%

pr_2023 10: 16 0

I’)‘i MQ Sl(ll

—

g—
L—

eos fusex Is

1.09 c6a@cff8-dea2-11ed-b606-80d4a5bl6cc9 p=32919 caps=0 fds=@ autofs [vacant] act mount=/eos/homs
1.15 f8974f94-de9f-11ed-b8d9-80d4a5bl6cc9 p=15866 caps=0 fds=@ autofs [vacant] act mount=/eos/hom
0.11 052cbbl6-de52-11ed-a9b0-f02fa78bd033 p=16475 caps=0 fds=0 autofs [vacant] act mount=/eos/hom
1.06 5cb5607e-de96-11ed-8c96-f02fa78bd0@33 p=28162 caps=0 fds=@ autofs [vacant] act mount=/eos/hom
0.42 a254458a-de25-11ed-9f2b-f02fa78bde n=4924 caps=0 fds=@ autofs [vacant] act mount=/eos/home-
§ 0.82 deaf@92c-d851-11ed-9ee9-f02fa7 29242 caps=0 fds=@ autofs [vacant] act mount=/eos/hom
B 1.14 f9ac-debd-11ed-8591-80d4a5hlBCa! @ autofs [vacant] act mount=/eos/hom
b 0.23 414f86-deb8-11ed-aldb-80d4a5b16Ca! s [vacant] act mount=/eos/hom
b 0.12 p47d2-de40-11ed-851a-f tofs [vacant] act mount=/eos/hom
) 9.49 2e16 ddac-1led-b1b1- ofs [vacant] act mount=/eos/hom

"'-ﬂ’ gk >2-dCE 8776- b 6841 caps=0 f autofs [vacant] act mount=/eos/hom
38 14 GM é.' -7846—n 813b- 78bd@6b 1-40887 caps-O fds=0 autofs [vacant] act mount=/eos/hom

:42:32 GHT'3.7; 23a4 9a8f- b16c87 p=40981 caps=4 fds=0 autofs_[vacan@] act mount=/eos/homs




nt : eosxd

— \
e0s)

eosxd

Namespace FuseServer

eo0s)
: eos
: eosxd

"a b7911p1215 cern.ch 5.1. 14

O 1 v

oo ch 5.1.14
gcern.ch 5.1.14
cern.ch 5.1.14

d

- ...;eos fusexlIs-=l. ... ..
: eosxd b7g911pl277.cern.
: eosxd D -

: eosxd b7911pl12717

- “I'eos fusex evict

online

online
online
online
gern.ch 5 1‘14 online

—

WGd 19 Apr 2023 11 10 21 GMT 5 75

023 01 32 17 GMT
%n g?b 30 GMT
prg gq?ﬂ GMT
Apr 2023 10: 16 0 T
Tu X ’
t A €
ﬁ W

nimount, trigger

K for |ngl| , truncate :

8.2
3.4}
0.7%

—

/
P—
eos fusex Is
1.09

1.15
0.11
1.06
0.42

| 0.82

8 1.14
b 0.23
b 0.12
) 0.49

™

c6alcff8-dea2-1led-b606-80d4a5bl6cc9 p=32919 caps=0 fds=0 autofs
f8974194-de9f-11ed-b8d9-80d4a5bl6cc9 p=15866 caps=0 fds=0 autofs
052cbbl6-de52-11ed-a9b0-f02fa78bd@33 p=16475 caps=0 fds=0 autofs
5cb5607e-de96-11ed-8c96-f02fa78bd033 p=28162 caps=0 fds=0 autofs

a254458a-de25-11ed-9f2b-f02fa7§
deaf092c-d851-11ed-9ee9-f02fa7
f9ac-debd-11ed-8591-80d4a5 -
44T86-deb8-11ed-aldb-80d4a5b16¢
Pp47d2-de40-11ed-851a-f
82e16-ddac-1led-b1H1-
0 L& ,.‘;yd
. 57846-(

XEL

8776-
813b-
9a8f-

29242 caps=0 fds=0
48105 caps-o fds-O

78bd065‘p—40887 caps-o fds=0
b16c87 p=40981 caps=4 fds=0

autofs

autofs

Osl(ll

[vacant] act mount=/eos/hom
[vacant] act mount=/eos/homt
[vacant] act mount=/eos/homs
[vacant] act mount=/eos/homs
33 p=4924 caps=0 fds=0 autofs [vacant] act mount=/eos/home-
)33 autofs
autofs

[vacant]
[vacant]
[vacant]
[vacant]
[vacant]
[vacant]
[vacant]
[vacant]

act
act
act
act
act
act
act
act

mount=/eos/home¢
mount=/eos/home
mount=/eos/hom
mount=/eos/hom
mount=/eos/home
mount=/eos/homs
mount=/eos/hom
mount=/eos/home¢



lient :
lient :
lient :
lient :
lient :
lient :
ient :

eosxd

Namespace FuseServer

eos fusex Is
eosxd b7g11p1215.c 19 Aj | 75 1.0C
eosxd b791ipi215: W A 17
eosxd b7911p1233. « ' .
eosxd 7911p1233. 1 I [
“°l'eos fusex I% ey |JruSet gjlént nodes | ;
eosxd b7q11p1233. ¢ n Tue, 11 / GN | dadd 0.82 de
eosxd b7911p1247.c 1.14 P f Wed, 19 / GMT 2.8 Yo [
0794191247 5.1.14 cllﬁmtlques,andasomes 86 0.23 BB
eos fusex s -l i 2623 3 G 0.12 B
| ... .statistics per @[l@nt N .
nch 5114 tine i k4 BE3d145
cern.ch 5.1.14| ool 34 0.1° e83
E force unmount, trig erastac trace, :
eos fusex evict358.cern.ch 5.1.14 % 9 k7 0.24 __ /400

ask for logfile, truncate logfiles

eos fusex conf

configure heartbeat interval
configure audience suppression

).~

(A

|e95-
leea-

NI
led-
led-
led-

~1h1

0
8bdo.
'8bd033
b16ca9
b16ca9
f@2fa78bdo6b
F@2fa bb
r@2fa 6b
f@2fa78bdoe6b
30d4a5b16c87

caps=0
caps=0
caps=0
caps=0
caps=9

~1a L’

=
fds=0
fds=0
fds=0
fds=0
fds=0
fds

UE

aul

autofs
autofs
autofs
autofs
autofs
autofs

|

[v
[VLHMHLJ
[vacant]
[vacant]
[vacant]

1tofs |

Osl(ll
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lient :

lient

lient :
lient :
lient :

lient :
ﬁnnf .

eosxd

Namespace FuseServer

ask for logdfile, truncate logfiles

eos fusex Is
eosxd b7g11p1215. 19 A | 75 1.0C€ z
+ eosxd b7g11ip1215 A 14 .
eosxd [ 1., ;
w-eos fusexls = list client nodes &
eosxd b7a11p1233. Tue, 11 / BT 444 0.82 de ;
eo0s) b7g11p1247. onli f Wed, 19 1GM 2.8 ‘£ 206
0793101247 lis cllemtﬂqdesan@bsome 86 0.23 BER !
eos fusex Is - i 2023 3 e 0.1 BEd :
_.statis scér per G.I;I@nt N . B Eee
T 5. 1. 14 tine i Qedd @73d1452-dEC5-11ed-
n.ch 5.1.14 35 0.1° e83 1e95- led-
eos fusex evict .cern.ch 5.1.14 fOIL(]J% unmount, trlgger a StaCk trace 0.24..:24cib0 Jeea- L1ed-

eos fusex conf

configure heartbeat interval
configure audience suppression

eos fusex caps

show directory subscriptions

1h1

f0

8bdo@
'8bd033
b16ca9
yb16ca9
106b
5b

uita.
F@2fa
‘92fa’ bb
fF@2fa78bdoe6b
30d4a5b16c87

caps=0
caps=0
caps=0
caps=0
caps=0

fds=0
fds=0
fds=0
fds=0
fds=0
fd

UE

autofs
autofs
autofs
autofs
autofs
autofs

tofs

[\
[v
[vacant]
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eosxd

Namespace FuseServer

eos fusex Is
lient : eosxd b7g11p1215. ) A | J¢
lient : eosxd b7g11p1215 17 : 11
lient : eosxd 1233 ;
lient : eosxd |p1233 I I ; fe
Lient : EOS)'deos fusex IS gllpl233 IJruSet ('Z!Ient nOdeS 1—-de25 8bdo p c
lient : eo0s) b7q11p1233 Tue 11 5 GM st 0.82 de E 8bd033 p=- =0 autofs
nt e0s) b7911p1247 e _ Wed 1 GM 2 8 4 206 : b16ca9 p=48105 fds=0 autofs |
7931p! list cllemt@oﬁes,andasomes B 0.2 B . b16cad p=41863 caps=0 fds=0 autofs [
eos fusex Is -| i 2623 2 3.6 2 5f@ | 02fa 6b p=34036 caps=0 fds=0 autofs [v:
_..Statis &cé per Glient .- o1} o ese 1104767 R 75bcocHEa 1080 a0 fds=0 autofs [v:
of | e P WP . ine i R4 O3d1452-dCCS-1ded- ‘02fa b p=26841 caps=0 fds=0 autofs [\
.ch 5.1.1¢ e 33 0.1° e83 'e95- 1led- F@2fa78bd@6b p=40887 caps=0 fd ) f
eo0sS fusex evict cern.ch 5.1.1¢ fOI’(]}% unmount trlgger d StaCk tra“'ce 0.24 __ .4D00- leea- Lled- f-80d4a5b16c87

ask for logfile, truncate logfiles

configure heartbeat interval

eos fusex conf configure audience suppression

eos fusex caps show directory subscriptions

drop one or all subscriptions

eos fusex dropcap(s) from a client
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eosxd

Namespace FuseServer

eos fusex Is
lient : eosxd b +p121J D¢
lient : eosxd b7911p1i215 7
L%ent : €0S)
Jent = eosi‘ans fusex Is list client nodes
lient : eos) ue . a2k 8bdo
ient : eo0s) Tue 11 GMT 444 0.82 8bd033 p=: =0 autofs
0S Wec L GM' 2.8 >a6 bl6cad p=4810% fds=0 autofs |
2os fusot il list cllemtlques,andasomes ko2 8 p16ca0 p=41863 capsd fds=d autofs [
7 2023 2 3.6 5f0 02 5b p=34036 =0 fds=0 autofs [v
1neStat|ShC§ p@f Gll@nt 0.1 cac ac-11led—b1H fozg b g=3193e Egglo fd§: autgfz [\
151 ine FPrT 202305 92T 27256 7. o) L4 BEEd1452-ACCo— lied- ‘02fa b p=26841 caps=0 fds-= utofs |
ch 18 33 0.1° e83 e95- .led- "‘92fa78bda6b p=408 caps=0 f
. foré%eunmount trigger a stack trace ! : F P P
ch 5.1.1 0.24,5 24 cib@deea- 11ed- 30d4a5b16c8
eos fusex evict ask for logfile, truncate logfiles ' B .
configure heartbeat interval
eos fusex conf configure audience suppression
eos fusex caps show directory subscriptions
drop one or all subscriptions
eos fusex dropcap(s) .
from a client
drop all locks for given inode
eos fusex droplocks
and process




lient :
lient :
lient :
lient :
lient :

1ent

nt "

eosxd

Namespace FuseServer

UE

eos fusex Is
eosxd b7g11p1215. ) A l ¢
eos‘:l | P J 11 159 . A 1%y l:
eosxd |p1233 ;
eosxd 1p1233 I I : fe
eosXd eos fusex Isﬁ 7911p1233 IJruSet (.:Jlent nodes vl 8bd033 p ;
: e0s) b7011p1233. Tue 11 3 GMT d.d .82 de : 8bd033 p=- ;=0 autofs
eo0s) b7gllp1247 ine _.Wed 1 GM 2.8 4 206 016ca9 p=48105 ) fds=0 autofs |
0793191 list cllemtlmoﬁesan@bsomes : eeb ; b16cad p=41863 caps=0 fds=0 autofs [\
eos fusex Is i 2023 2 3.6 2 5f@ : 02fa P6b p=34036 caps=0 fds=0 autofs [ve
LineStatlS écér pQE Gllﬁﬂt 0.1 9 c4c ac-1led-b1b1-f@2Ta 5b p=31930 caps=0 fds=0 autofs [vc
ch 5. 151% ' 1 . i Q4 ©GISd1452-dCC5 Lded- ‘02fa 5b p=26841 caps=0 fds=0 autofs [v
1.Ch 5.1:1¢4 e 33 0.1° e83 'e95- Lled- F@2fa78bd06b p=40887 caps=0 fd 0fs
eos fusex evict .cern.ch 5.1.1¢ fOI’(]J% unmount, trlgger q StaCk trace 0.24.._2/Cib0 Jeea- Lled- 30d4a5b16c87
ask for logfile, truncate logfiles
eos fusex Is -I
client : eosxd Ixplus700.cern.ch 5.1.14 online
: 4 s = i : 40868
cos fus e amif configure heartbeat interval | 0T Taero il g C
- - T 00 ! aasaas ino-backlog : ©
Conflgure audience suppresson | Y Tl . 511803
...... ino-ever-del : 18426
...... threads : 60
. ] N @330 L assaas total-ram : 29.988 GB
eos fusex caps show directory subscriptions| ... free-ran  : 0.280 GB
...... vsize : 2.016 GB
...... rsize : 0.193 GB
...... wr-buf-mb : 0 MB
drop one or all subscriptions R 5w
eos fusex dropcap(s) .. leasetine  : 300 s
fromaclient | opan=fiilasRilEs
...... logfile-size : 18576
. B 000 rbytes : 20397308261
drop all locks for given inode| ... wbytes : 24307570949
eos fusex droplocks S S g rdco .00 HB/s
an prOCGSS ...... wr60 : 0.33 MB/s
...... iops60 : 303.83
...... xoff : 830
...... ra-xoff : 0
...... ra-nobuf : 9489
...... wr-nobuf : 0
...... idle : 24
...... blockedms : 0.00 [1]
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Configuration

a hamed mount like

eosxd -ofshame=name /eos/
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eosxd

Configuration

a hamed mount like

eosxd -ofshame=name /eos/

uses this configuration file:
/etc/eos/fuse.name . conf
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eosxd

Configuration

a hamed mount like

eosxd -ofshame=name /eos/

uses this configuration file:
/etc/eos/fuse.name . conf

configless

eosxd -ofshame=instance.domain:/eos/ [eos/
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eosxd
Client side Disk Caching

File & Journal Cache

"cache" : {
Iltypell : "diSk",
"'size—-mb" : 512,
"'size—-1no" : 65530,

“f1le—cache—maxgl{ welsy
“file-journal-max-kb”, 131072
"Journal-mb" : 2048,
"journal-1ino" : 65530,
"clean-threshold" : 85.0,

"location" : "/var/cache/eos/fusex/cache/",
"journal" : "/var/cache/eos/fusex/journal/",
"read—-ahead-strategy" : '"static",

""read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—ahead-blocks—max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max—-write-buffer"™ : 134217728
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eosxd
Client side Disk Caching

File & Journal Cache

e il * [here are two caches which are persisted while a

"type" 1 "disk", a mount is still up
"size—-mb" : 512,
"'size—1no" : 65536,

“f1le—cache—maxgl{ welsy
“file-journal-max-kb”, 131072
"journal-mb" : 2048,
"journal-ino" : 65536,
"clean-threshold" : 85.0,

"location" : "/var/cache/eos/fusex/cache/",
"journal" : "/var/cache/eos/fusex/journal/",
"read—ahead-strategy" : '"static",

"read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—-ahead-blocks—-max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max—-write-buffer"™ : 134217728
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eosxd
Client side Disk Caching

File & Journal Cache

e il * [here are two caches which are persisted while a

"type" 1 "disk", a mount is still up
"size—-mb" : 512, 1
"'size—1no" : 65536,

“f1le—cache—maxgl{ welsy
“file-journal-max-kb”, 131072
"journal-mb" : 2048,
"journal-ino" : 65536,
"clean-threshold" : 85.0,

"location" : "/var/cache/eos/fusex/cache/",
"journal" : "/var/cache/eos/fusex/journal/",
"read—ahead-strategy" : '"static",

"read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—-ahead-blocks—-max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max—-write-buffer"™ : 134217728
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eosxd
Client side Disk Caching

File & Journal Cache

e il * [here are two caches which are persisted while a

"type" 1 "disk", a mount is still up
"size—-mb" : 512, 1
"slze-1no" : 65536, »journalling writes

“T1le—-cache—maxXgPslF N |
Mfi'l_e_j ournal-max-kb”, 131072 (and also reads if a file has attr:sys.file.cache=1)

"journal-mb" : 2048, with 128MB max. size per file

"journal-ino" : 65536,
"clean-threshold" : 85.0,

"location" : "/var/cache/eos/fusex/cache/",
"journal" : "/var/cache/eos/fusex/journal/",
"read—ahead-strategy" : '"static",

"read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—-ahead-blocks—-max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max—-write-buffer"™ : 134217728
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eosxd
Client side Disk Caching

File & Journal Cache

e il * [here are two caches which are persisted while a

"type" 1 "disk", a mount is still up
"size—-mb" : 512, 1
"slze-1no" : 65536, »journalling writes

“T1le—-cache—maxXgPslF N |
Mfi'l_e_j ournal-max-kb”, 131072 (and also reads if a file has attr:sys.file.cache=1)

"journal-mb" : 2048, with 128MB max. size per file

"journal-1ino"™ : 65536, e is used to recover writes
"clean-threshold" : 85.0,

"location" : "/var/cache/eos/fusex/cache/",
"journal” : "/var/cache/eos/fusex/journal/",
"read—ahead-strategy" : "static",
"read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—-ahead-blocks—-max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max-write-buffer" : 134217728
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eosxd
Client side Disk Caching

File & Journal Cache

"cache" : { * [here are two caches which are persisted while a

"type" 1 "disk", a mount is still up
"size—-mb" : 512, 1
"slze-1no" : 65536, »journalling writes

“f1le—cache—maxgl{' Ly
“file-journal-max-kb”, 131072

(and also reads if a file has attr:sys.file.cache=1)

"journal-mb" : 2048, with 128MB max. size per file
"J'({u rnalainog {d65536, * is used to recover writes
"clean-threshold" : 85.0, £

"location" : "/var/cache/eos/fusex/cache/", file (start) cache

"journal™ : "/var/cache/eos/fusex/journal/",

"read—ahead-strategy" : "static",

"read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—-ahead-blocks—-max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max-write-buffer"™ : 134217728
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eosxd
Client side Disk Caching

File & Journal Cache

"cache" : { * [here are two caches which are persisted while a

"type" 1 "disk", a mount is still up
"size—-mb" : 512, 1
"slze-1no" : 65536, »journalling writes

“f1le—cache—maxg{ pislF
“file-journal-max-kb”, 131072

(and also reads if a file has attr:sys.file.cache=1)

"journal-mb" : 2048, with 128MB max. size per file
"J'C{U rnalainog {d65536, *is used to recover writes
"clean-threshold" : 85.0, £

"location” : "/var/cache/eos/fusex/cache/", file (start) cac.he .
"journal™ : "/var/cache/eos/fusex/journal/", » caches the first 256kb of each file
"read—ahead-strategy" : "static",

"read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—-ahead-blocks—-max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max-write-buffer"™ : 134217728




eosxd
Client side Disk Caching

File & Journal Cache

"cache" : {
Iltypell : "diSk"’
"size—-mb" : 512,
"size—-ino" : 65536,

“f1le—cache—maxgl{' Ly
“file-journal-max-kb”, 131072
"journal-mb" : 2048,
"journal-ino" : 65536,
"clean-threshold" : 85.0,
"location" : "/var/cache/eos/fusex/cache/",
"journal” : "/var/cache/eos/fusex/journal/",
"read—ahead-strategy" : '"static",
"read—ahead-bytes—nominal™ : 262144,
"read—ahead-bytes—max" : 2097152,
"read—-ahead-blocks—-max" : 16,
"max—-read—-ahead-buffer" : 134217728,
"max-write-buffer' : 134217728

oyl

* [here are two caches which are persisted while a

a mount is still up
» journalling writes
(and also reads if a file has attr:sys.file.cache=1)
with 128MB max. size per file
* IS used to recover writes
- file (start) cache
» caches the first 256kb of each file
» triggered when a file is opened
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eosxd

Virtual/Functional Attributes



eosxd

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute Meaning




eosxd

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute Meaning
eos.btime file birth time
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eosxd

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute Meaning

eos.btime file bi ime
eos.ttime latest modifica!iiw.ﬁmﬂn subtree| |

- gl !
L \.{k
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Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute Meaning

eos.btime file bi

eos.ttime latest modifiwjl '
eos.tsize total size of directo
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eosxd

Virtual/Functional Attributes

o

Information/Getter

Virtual Ext. Attribute Meaning

eos.btime file bi

e

eos.ttime latest modifi n subtree

LB

eos.tsize total size of director u*‘;---' — "F :
s . |

eos.dsize total size of files in this ‘dir’e_cto
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eosxd

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute ~ Meaning

eos.btime

file bl
n subtree

\d

e

eos.ttime latest modifi

eos.tsize total size of CiJ re

eos.dsize total size of files in thiS'dir;cto

eos.dcount number of subdirectories here




eosxd

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute Meaning
e
eos.btime ; file bl e
eos.ttime latest modif' | ee

W

I_‘
eos.tsize total size of directo

eos.dsize total size of files in this directo

eos.dcount number of subdirectories here

eos.fcount humber of files here
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eosxd

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute __Mez'lihg
eos.btime (i file bi e
eos.ttime latest modificz ee
-
eos.tsize total size of directo Ubt - e.here
eos.dsize total size of files inthis directo
eos.dcount number of subdirectories here
eos.fcount humber of files here

eos.name EOS instance name
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eosxd v

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute __Mez'lihg
eos.btime (i file bi e
eos.ttime latest modificz ee
o o
eos.tsize total size of directo Ubt - e.here E
eos.dsize total size of files inthis directo |
eos.dcount number of subdirectories here
eos.fcount humber of files here
eos.name EOS instance name

eos.hostport EOS hostname:portname
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eosxd w

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute Meaning
e

eos.btime file bi e
eos.ttime latest modif ee

-~ = =
eos.tsize total size of directo Ubtree here '
eos.dsize total size of files in this directo
eos.dcount number of subdirectories here
eos.fcount humber of files here
eos.name EOS instance name
eos.hostport EOS hostname:portname

eos.mgmurl EOS instance URL root://...
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eosxd

Virtual/Functional Attributes

Information/Getter

Virtual Ext. Attribute _yle'niﬁg
eos.btime file bi e
eos.ttime latest modif n subtree
g n sul

eos.tsize
eos.dsize
eos.dcount
eos.fcount
eos.name

eos.hostport

eos.mgmurl

eos.url.xroot

lc’"-“

&

total size of directo

total size of files in this directo
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eosxd vs eosxd3

changes

e readdirplus
* the function returning a directory listing attaches the stat information for each listed entry
e avoids additional getattr calls for each listed child!
e forgetmulti
« when the kernel wants to forget inodes, instead of recalling one by one a bulk request reduces the number of forget calls substantially
e clone fd option
* each FUSE thread can have its own connection to the kernel module via /dev/fuse
 In libfuse?2 this is a single shared connection

« write back cache option

* small writes are not hitting directly eosxd, but they are written into the buffer cache and then flushed
as larger operations

* Increases single byte write performance from 16kHz to 0.5MHz

e FUSE SET ATTR CTIME

« allows to set the change time with the ut imes function
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eosxd vs eosxd3

starting

eosxd starts the libfuse2 version
eosxd3 starts the libfuse3 version

* If you definein /etc/sysconfig/eosxd: EOSXD="/usr/sbin/eosxd3” and you use
the generic mount helper mount.eosx ...

* ... You can switch changing the environment variable between both easily to
compare:

* e.g. by using

mount -t eosx eosxd —-ofsname=eosinstance.cern.ch:/eos/ /eos/

« and not

mount -t fuse eosxd -ofsname=eosinstance.cern.ch:/eos/ /eos/
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Summary

e Easy FUSE access is appreciated by users (when it is reliable)
and allows EOS usage for many more applications

* Repeated re-implementation and updates have improved the reliability
and usability of /eos/ access steadily over the past years

o libfused brings a visible performance improvement for shared mounts

e One of the pain points for performance is missing kernel support to
cache extended attributes - otherwise most limitations are server-side

* Nevertheless there are still corners client-side to improve FUSE
performance - which we will also try to exploit!
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