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2.1 LSM-tree 7|4l 7]-9= A E o]
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2.3 ARC (Adaptive Replacement Policy)
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A4 2A L T4

41 AE3} 42 1ol | AH (UserFS)

5

‘ ‘System call

UserFS

Application

Storage

13 4.1: UserFS 9] L%

AgA 2 1t A4 E Q] UserFS Q] teFa] ¢l 2£32= 19 4.17} 2t} UserFS
+ LIBC®} 22 POSIX Y APIE AMgsh= 52 dholHed] Jei= AlFHm,
S8o] AESHE AlAE F2 ZtRAA A A A AFstozn AAR F
2 QIFHHYAE A 9% QWS EF A AT whebA] 7]E0] $8S AT TR
glo] gtolHe s RESH|% shH HiR AR o= ok AHE 7Hch A
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UserFSof|A] 2] 5= APIO] F-7-+= 3 4.1 2}

I 4.1: UserFSo)| A 2| d35l= APIC] &

Type APIs

open, read, write, pread, pwrite, lseek, close, rename,
File fallocate, stat, fstat, statfs, fstatfs, truncate, ftruncate,

unlink, access, fsync, fdatasync, fadvise

Directory  mkdir, rmdir, getdents

UserFS+= SPDKOJ A A &5h= AR8A 4= NVMe E2fo|H] gtol B2 5 &
&oliM 27 7I5te] vl57] VOE Fall A7 B0l 213 AL VOE A5}
+ oA =2 AMESHA] = SPDK O] 25 & &-8517] 9Jsf -8 2 =et
UserFS W5 A8 == ZF2H /O queue s SEET /0 R -2 A1 A2 st

A% Al g A 845 0171 §Is] UserFS= #o]#] 7WA[E &g}
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W EoA Agerzs V0 84 A=she o 22l ARte 4571 9
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It

UserFS+= 7'd 9] ext4 1} A|AHITL F AR lo]ol-2-3 ARSI ext42} &9k
7otk metA extd2 w2 Este] 7'd mhd A AFRE FEA T S8 WSt
Ak mpdo] 2 5= om extd 1t A|AHS FEfst] f18) Al EE e2fsck
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Evict
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Aol g AHEE = LSM-tree 7|5t 7]- 7 A~ E 0|Ql RocksDB[1]E 53 &
|Oo & Stof st om, AARIO] ARFE & 5.19F Zr}. 7 d 9] extd whd A
25 SPDKCA] A5 BIObFS, UserFSe] A 742] mlo]7] 74| e A2l
LRU, LRULevel, ARCO] thslA] /52 Bl st #|o] 2] 7|A] o] oF2 7 &3 A
82t —/l\——f— | A H]S=_t —/F— © g Br7] 95f cgroup= S ARG 7o H R 2] 9

A A =89t F Stk e 2 31 7|3} RocksDB

%S T2 %), RocksDB U204 AHE31e 2 719 Fe

ool whet 7Hg w2 2] o] 1/3 7heFoletal o 4= Sl Ho| x| 7HA] 27]9] 12%
=t

AP AP PAREE F T ohxoleh R M RE del A EE 7l 0E
o

E’- [415 AHESHAT. tha o2 Ho| koA AA| 92

S}

5149273

L)

Processor Intel(R) Xeon(R) Gold 5218R CPU @ 2.10GHz

Memory 256GB
OS Ubuntu 20.04.2 LTS (kernel v5.4.0)

Storage  Optane P4800X SSD, Samsung 970 Pro (5.5)
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5.2 YCSB #lx|u}=

YCSB #ixnta= & o4l 7|9 Y= F Algstal ot A-doAes 15
A Al 7E2E AHgStRETl, ARt MAmta ] F7 W 542 & 529 g

7] 8BY] =25 A8otal R = 1IKBE 11513 C tq 50M7j Q] 7]-ME e
ATt § ZF A Enft 30M7i o] 8 4-& A 2Ste S sttt Zipfian S22 E ARE-

Stx|, 22 ghe] 7145 87 o] HIF 5| WA S & skl H o] X] 7HAl= 2GB =,
RocksDB 23 7JA]= 1GBE A A6} th 7]- M= #-8 2=212] 0 2 Alelsho] AF9)
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ABSTRACT

User-level File System Optimized for
LSM-tree Based Key-Value Store

Sunmin Jeong
Department of Computer Science & Engineering
The Graduate School

Seoul National University

With the recent development of storage technology, high-performance storage de-
vices with the latency of sub-ten microseconds are emerging. As a result, the overhead
due to the kernel I/O stack, which were previously only negligible, is becoming a bot-
tleneck. To address this problem, some user-level frameworks have emerged to elim-
inate the overhead from the kernel 1/O stack by accessing storage devices directly at
the user-level. However, to use the framework, it is necessary to implement a separate
file system and page cache to match I/O interface with applications and reduce access
to storage devices. To this end, this paper designs the user-level file system and page

cache and optimizes them for LSM-tree-based key-value stores.
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