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Design and Evaluation of a High—performance Journaling Scheme for
Non-volatile Memory
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Abstract

Journaling file systems (JFS) manage changes of file systems not yet committed in a data structure
known as a journal to restore the file system in the event of an unexpected failure. Extra write
operations required for journaling negatively affect the performance of JFS. The high—-performance and
byte-addressable non-volatile memory (NVM) was expected to easily mitigate these performance
problems by providing NVM space as journal storage. However, even with such non-volatile memory
technologies, performance problems still arise due to scalability problems inherent in processing
transactions of JFS. To solve this problem, we proposes a technique for processing file system
transactions for scalable performance. To this end, lock-free data structures are used and multiple 1/0
requests are allowed to simultaneously be processed on high-performance storage devices with
multiple 1/0O channels. We evaluate the file system with the proposed technique by comparing the
original ext4 file system and the recent proposed NVM-based journaling file system on a multi-core
server, and experimental results show that our file system has better performance (up—to 2.9/2.3 times)
than the original ext4 file system and the recent NVM-based journaling file system, respectively.
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Global Variables

nvm_inode_index;

nvm_journalf[;

1: procedure PROCESS_JoURNAL(modified_block)

2: modified_inode = get_modified_inode(modified_block);

3 i = atomic_add(&nvm_inode_index, 1);
4 memcpy(nvm_journal[i].storage, modified_inode);
5 clflush(nvm_journal[i].storage);

6 nvm_journal[i] flag = true;
7. end procedure
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Global Variables
nvm_inode_index;
nvm_journalf];
commit_order_index;
commit_orders[];

1: procedure PROCESS_COMMIT

2 commit_idx = atomic_add(&commit_order_index, 1);

3; while(commit_orders[commit_idx -1] == 0);

4 last_commit_idx = commit_orders[commit_idx -1];

5 commit block idx = atomic_add(&nvm_inode index, 1);
6: commit_orders[commit_idx] = commit_block_idx;

7: while(nvm_joumnal[last_commit_idx].flag == false);

8: for i ranges(last_commit_idx+1,commit_block_idx) do
9 while(nvm_journal[i].flag == false);

10: end for

11: memcpy(nvm_journal[commit_block_idx].storage, com-
mit_block);

12: clflush(nvm_journal[commit_block_idx].storage);

13: nvm_journal{commit_block_idx].flag = true;

14: end procedure

a3 3. AN M2 =Xt

A9 @4t 19 315 o] theo] #AR St
7] Qb olgste] AR #A el

ulo] Qe BN @%@%m} I v g71o) o)A
42 71 et 7151 20l A

o A5 2) NV 4
I71e B oh:} Shojare.

arﬂ

g g9 ARESH 7

00l A% Skl o] =
o 91 A s M:a

Jﬂ"

A oj5E 4 @
% B8 59 Banos zwﬂ@m. 3) wof 54
ofolieEo] Hap gk Bt AA oA Yk AL

A Ad A= wolﬂh AS Qulste o] HLole
o] Zjo] = A 7ttt 4) BE ofo|kEr}
F&H o2 NVM ZE] HHSS FRIgh Foll= ANl
E2S 1)olA T2 ol 231 7HA] SHA] A4t
< gt

ole} 72 w9 A2 AW Aol 7Hgst
NVM Ag F7to] Qo 8§ Z2IEo] Ay A
2] b 2 A glo] 3T 5 Utk Eg 38 T
E2I7E0] FA9 fsync) FE TESHETHE AR

EE9] AUAE B fsync) TFE A9 £AS

HE Adl &

< W 93T 1) 9E8 A8 2AHE2 £F ofol
LTE YAHOZ (atomic_cas A4H) ATEZJEE
o ofojiER Mgt 2) TieF Ao gdFeithd
AEg ofoliEg 2 Holx] EEZ AR
&t} 3) Ao Aufjstd Ad F7H9] thE ofolle&
of thafl thAl YAHoE HE AibE 3T 4) A
E5t212} sk A1d 3110l AW EFo] AR E o] Ut
W Ao B3t A ETE AUl EES A0 UK

AHESL BE AY BEo| 47]S FIckuck. et
A B e B2E50] HA Fo AA7] BE
of T} Alxdo] AT AAEE B 4 ork
5) A9 2Fo] A Folie AR the EAHo
dhel )R ALLIIE S S
olo} 2 WPol AYL T P2 AEe A
A 245 S SS9 2 ARYAS B5¢ 3
CEE Ace 01 728 exnd 3 A2
G2 9 vl she) ARz U2 A A
Sict ARKSHE 1B %7k Y B 5
o ALZAE YB3 e S des] 29
AgAe] HY) A5S  A4 go] BET 4 ek

_r;

F
fb:

m°l'
>.

oll ﬂﬁf_“

Iv. g5 87

Aotd 71HE Hrlotr] {8l 2719] Intel Xeon
CPU E5-2697 CPUE A&Fst AHE AFRSIITE o]
A AAEE 24709 Fofet 256GB HIQl HIEEE
71 §low, o] AARIS LYAA= Linux Ad
4.1.7 HHo|th. £ AFA AREEHE A FA=
Intel SSD DC P3700 1.8TBol® NVMZ <3
DRAM 256MBE NVMO& 7Pgstal AdE =845}
Act. Ago) ARgSE HIXulE+= Tokubench[16],
Filebench®] Varmailo|#[17] A& 3t oi=folE
= [ 113 2ok A vaE Y8l extd THY A|AH]
(519 NVM 715k Adg 718 extdo] AT U
A A®l(fg-extd), T12]al & =RolA Aljbeks 71HE



HIEY HR2E Ut 1ds MEE JI" 24 2

g7t 373

ext4ol] T TG AAH(o-extd)Z AHESIAT
H 1. WIX|0j3 of2tojg

#IX|O0 2 oy g oY 37|

Varmail 100,000 16 KB
Tokubench 3,000,0000 4 KB

Hextd Bfg-extd ®oextd

800
o~ T00
n
= 600
=2
o
o 400
g 20
il 200
S il

p mil .I I
1 2 4 8 16
& of threads
J3 4. Varmail 85 H7t At

Hextd mfg-extd ®oextd

-
%mlﬂ]
A I
0
1 2 4 8 16

# of threads

=

H5(MB/s)
g EEBEES

1% 5. Tokubench M5 T7} Zu}

(19 4= H1d A9 JE8E ZARSH= varmail
9] 5 7t Adtoltt. Varmail2 oHd 34 E Hlo]
B 7}, 5713 183 o A AAS S35k 2
7] @4t 9529] 32 Tolch wEhA T /A
57138} AFES ok ATt wWobd o, et
tlole Ad® Agte] A4 5 eHs=rt wEE
4= Qirt Aljbols ol A|AR2 (o-extd)= 16 249
= o 700 MB/s9] Hdj 45L& HolH 7]& extd
od AA” tfE] 191%, A1 NVM 718F AEs ot
A 2"l(fg-extd) HH] 138%9] & NS HolF
=g

(3" 512 Tokubench® A& W7} Aijolt}
Tokubench= 4Z& Adsk= Ade AR ot

45 AT f ofo| vt A ER F2 AY XF
4 o=l I 9 5 Qo 2AYG AF =] 7t

A o 5 T4 20| 7 Frh o] of, extd oA
AI_EE‘I% 156.9 MB/s, fg-ext4= 183.5 MB/s,

o-ext4= 309.6 MB/s9] A5S Hith Aok 7]
#o] 7]& NVM 719t g 7=} 1684 % 4
T T 7R 71E dd A" AEE 2 A
/AT ZOE AALS 283} u] 2 A3to] vrayeln
shute] A vt ATRRIE Y& LS FHoh=
whHo] AQtets whd A|AFE o] AAES € glol
YL, TR 2B} AEY AARE FAl0) A
3ol w2t gsol AHE 5 ASich

<
my
ru

135 HIE wReE A%t A
o Atz 71MelA Add, A
2 5Sh o] 2 AAo=Z QIgH A
7] 1% B4 AR Faoh A%
SYohes ek Alokeks 7)Est
ext4 T Aol FAskar 2709] W]
d52 Brret A3 I 5
ARtz 7ol 2 138% Bk o2 FIAE &

ae Holth FF A7ole extd e A|AES] 7]
& Ady BE o dloje Ady RES fet 3
Ao} 71e Aretal st e

o
&
Md
é
_L4
Fh‘

b
BT
filo E:Jl o
be o
&

\

_(314_,

Al

o
ol

]_

| p——r
A

W oo yE o
)
N
TS
of
fhis
:
DI o)

o2

il

o
r

(1] A. Ahari, M. Ebrahimi, F. Oboril, and M.
Tahoori, “Improving reliability, perfor-mance,
and energy efficiency of STT-MRAM with
dynamic write latency,” IEEEICCD, 2015.

2] J. Yue and Y. Zhu, “Accelerating Write by
Exploiting PCM Asymmetries,” IEEE HPCA,
2013.

3] J. Izraelevitz, J. Yang, L. Zhang, J. Kim, X. Liu,

A. Memaripour, Y. J. Soh, Z. Wang, Y. Xu, S. R.



374 $t=EHIXES=2X| 20 Vol. 20 No. 8

Dulloor, J. Zhao, and S. Swanson, “Basic
Performance Measurementsof the Intel Optane
DC Persistent Memory Module,” CoRR,
abs/1903.05714, 20109.

[4] J. Chen, Q. Wei, C. Chen, and L. Wu, “FSMAC:
A file system metadata accelerator with
non-volatile memory,” IEEE MSST, 2013.

[5] C. Chen, J. Yang, Q. Wei, C. Wang, and M. Xue,
“Fine-grained metadata journaling on NVM,”
IEEE MSST, 2016.

[6] X. Zhang, D. Feng, Y. Hua, and J. Chen, “A
cost-efficient nvm-based journaling scheme
for file systems,” IEEE ICCD, 2017.

[71 Changwoo Min, Sanidhya Kashyap, Steffen
Maass, Woonhak Kang, and Taesoo Kim,
“Understanding manycore scalability of file
systems,” USENIX ATC, 2016.

[8] Yongseok Son, Sunggon Kim, Heon Young
Yeom, and Hyuck Han, “High-performance
transaction processing in journaling file
systems,” USENIX FAST, 2018.

[9] J. Condit, E. B. Nightingale, C. Frost, E. Ipek, B.
Lee, D. Burger, and D. Coetzee, “Better 1/O
Through Byte-addressable,
Memory,” ACM SOSP, 2009.

[10] X. Wu and A. L. N. Reddy, “SCMFS: A File
System for Storage Class Memory,” IEEE/ACM
SC, 2011.

[11] S. R. Dulloor, S. Kumar, A. Keshavamurthy, P.
Lantz, D. Reddy, R. Sankaran, and J. Jackson,
“System Software for Persistent Memory,” ACM
EuroSys, 2014.

[12] J. Xu and S

Log-structured  File

Persistent

“‘NOVA: A

Hybrid
Volatile/Non-volatile Main Memories,” USENIX
FAST, 2016.

[13] E. Lee, H. Bahn, and S. H. Noh, “Unioning of
the Buffer Cache and Journaling Layers with
Non-volatile Memory,” USENIX FAST, 2013.

[14] L. Zeng, B. Hou, D. Feng, and K. B. Kent,
“SJM: An SCM-based Journaling Mechanism
with Write Reduction for File Systems,” DISCS,
2015.

Swanson,

System  for

[15] J. Kim, C. Min, and Y. I. Eom, “Reducing
excessive journaling overhead with small sized
NVRAM for mobile devices,” IEEE Transactions
on Consumer Electronics, 2014.

[16] J. Esmet, M. A. Bender, M. Farach-Colton, and
B. C. Kuszmaul, “The tokufs streaming file
system,” USENIX HotStorage, 2012.

(171 V. Tarasov, E. Zadok, and S. Shepler,
“Filebench: A flexible framework for filesystem
benchmarking,” login, Vol.41, No.1, 2016.

X Xt A H
gt S(Hyuck Han) gl
=2003¢ 8% : AgTistE AR
)
"20064 2% : AgTistE AR
FERFFAAD
20119 29 : AgTistn A3

FR(BTAD
=20119d 3¥ ~ 20124 8¥ : A&

ek FFEFE WA A7

" 20124 9% ~ 20149 29 1 APAA ] Al 2
Qo7

= 20144 39 ~ @A : Feoleistn FHe s 2
SEE RS

@yEop : dolelolx AAd, WY Xe ey, B4
A2



