KIPS Trans. Comp. and Comm. Sys.
Vol.12, No.7 pp.209~216
ISSN: 2287-5891 (Print), ISSN 2734-049X (Online)

OHLZ0f CPU AJAEIQ|

CEE RS

alr
oo

e 218 2lsA 799 LRU #2] N3t 71y 209

https://doi.org/10.3745/KTCCS.2023.12.7.209

Optimizing LRU Lock Management in the Linux Kernel for
Improving Parallel Write Throughout in Many-Core CPU Systems

Eun-Kyu Byun' - Gibeom Gu'" - Kwang-Jin Oh™ - Jiwoo Bang'

ABSTRACT

Modern HPC systems are equipped with many-core CPUs with dozens of cores. When performing parallel I/O in such a system, there
is a limit to scalability due to the problem of the LRU lock management policy of the Linux system. The study proposes an improved
FinerLRU to solve this problem. Our new FinerLRU improves the parallel write performance of file systems using the buffer cache through
granular lock management by increasing the number of LRU locks upto the maximum number of cores. The proposed method was
implemented in Linux 5.18.11, and the performance was measured on two types of CPUs, Intel Icelake Xeon and Intel Knights landing,
with different characteristics, and it was found that a performance improvement of about two times can be obtained in both types of

systems.

Keywords : Manycore CPU, Linux Kernel, LRU, Parallel 1/0

Hyso] CPU AJ2=9 ¥
#5524 A4 LRU

241 HPC A A" =4 7119 ZoiE 7Hd miy o] CPUE FAISHL Ut old Al2jloA B /08 +3T 4 2w X289 LRUZ

2] F9] ZA= 18] Aol AE 7ML Aleg RISk & dFollAe ol ZAIE siEsH] 7t IAdE FinerlRUE AIMRe. LRUZE
2 A Fo AeTF STHE A& SAE T RS Lock BEE F3f HolA| 7|5t ¥n 7jAE AREShe B AlARS BE 2] 45

FEA7le 2E FHoE k. Fsa 518110 AR WS FAstgeH, A7 o 544& 7H 2879 CPUY Intel Icelake Xeondt

Intel Knights landingoll A 358 AP F $79] ALd HFolA F v %9 g5 o] TS DRI

7I9E IHUZEN CPU AlAH, 2l5A 7E, LRU, 88 1/0

.M E

HPC(High Performance Computing)A|2A8-2 A& 2]
Q1 TetAAE §-&of ERt ofzt HlHlolH, Al 5 thti H|
ol Aol FHLASHA AHEEHIL Ut o]zt Ao =
Zt H AFEE AHE CPU= &4 9 ZoE 7=

X 2 A= 20239 sy |e g AT AKISTD 7184 T4 2 of
= AR EH B4R YR AT FHAFEAN
A EAFA (@A S:2020M3H6A1084853)9] AP gho 5|92

X o] =2 20224 SR EA R8RS ACK 20229] S4=R0E “Hjyiiof
CPU Al2"”loA9 ¥E 1/048+6 & A% LRUHAS 71 A9
Ao Und =7 e A9

T A3 AR EATY FHAFEVIENEAE AddAd

it v 3] SRS EAT Y FHAFEIENIAE fddALd

it v 3] At AFE TR A - aAEt g
Manuscript Received : December 20, 2022
Accepted : January 26, 2023
* Corresponding Author : Eun-Kyu Byun(ekbyun@kisti.re.kr)

Zlo] gukAQl Agtolti1]. o] FHo] WjyFo] CPUE 9]
&5to] st B A4 A5 ATk A & oy AE
YA o] HE HAILE 7FsobA gt

£ AFolA= sy o] CPUAS] B8 27| H&5 4
< EXZ Linux 29AA19] LRU WAYEY ¥5S 14
st WS AT dREER] BlsA SUAAROA &
7] 4to] AREH, F5 S Yo HT AMAIE o]85tH
ojdf /A Z o]&H WY Ho|XES BYsty] sl LRU
fAEE 7t 2 A" o9 dAolA Linux9
LRUZAEQ] Lock¥®] wWAHYUEZCl #HESH vz
CPU AARS] A5& 1EskA] 2oL AA=o] B¥E 2719
22 Aol AstES ERIsty FinerLRUE AA5HY]
Linux HA 5.2.8904 BHES 4F o235 d+5 AP5HA

_l

tH2l. ZEu 48E B9 27] WA FinerlRU: 54 4
Folu} AAoIA v EEo] EALS FASIUL 371 ol F

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



210 HEX2|st8|=2K|/HEH U EA AJAS X128 H75(2023. 7)

A9 WAE 7HE‘=I%P°E1 a;a 5.18.119] ?Loﬂo} 1 47}
4Rl e S &sto] HRSIITH3]. 2 === 7]
£9] d1gEY =L @“ﬂ < F7bota ¥E wjyio] T
et A F71E Al
YA AdoA FREE 1}%01] ek = A £017]
9t A= Wol AFPHSU D. Zheng 52 A AMAE
ool =¢E HolA JFOo=Z thro] HEFT O AAH/
A9 1ock e TaA7IE S ARbeATHA4lL Y
Zhang 52 3-8 o)A X}E_E coarse—grained lock
< fine- gramed locko 2 HEs|FE= S HEH =15 A

QISIITHS). ol ATEC] Anz 5§ TINA 1/0 4
5e AN ATE AL 5 Uk ol9f A 9ol
Qe A 2204 AL B9 Aol A3t lock T2

£ A3} finer-grained lock® HESIOZH /O A5
o] A T & U Bt E tE FEL e r o
¥ =Y g S ARERE d4Eol SI8lth K.
Ganesh 5612 Z+ A9 U= Q750 ot} fine-
grained®} coarse-grained locke 4olA ARgol= ®QF
= ARttt e o] Bl AgA|Zo A e XF
9] lock W< Zotll=t] 5712l LHs|=E WA AA
Aol A A

il

2.2 8

2.1 71 2i5A LRUYAIQ| & A

ATy EA] 7P Mol =2 H3 WAHOIHRE Linux
WA 5.18.1194 wiyZo] CPUY /0% &7d4lo] ofH
A& Aoy 1 Ax7} Fig. 19 e =o] et o] AF
< 64719 £ 3ol 256719 =8 AHEE 7HA]+= Intel
Xeon Phi 7210 (Knights Landing, KNL)ZZA|A[71Z &
25t oA AFPstg o, IOR HA|ulZ[8]E o]&5}o]
SAlo B9 MPIZZA| A7} Z+2} file-per-processi4]
o7 &3 2715 3Y Y9 7 7] 4d5(Throughput)?]
S SHcIel 23t Hes] HojF= vieh Zo] FA|
o 2715 Adst= AHE 7} 71 2t dsol F
7¥set7t 32~64709] A EOA 11 F7FEo] E£3kE, 1
ojFe] AF =T} FAlo 3 A 5ol AA EolEA Hoh
ol&gt 45 Ask= HH 7HAIE Belsh= LRUS Lock™
AYUZE f&Eolt}. Fig. 28 Zo] LRUE lruvec 724 W&
o] LRU_INACTIVE_ANON, LRU_ACTIVE_ANON, LRU_
INACTIVE_FILE, LRU_ACTIVE_FILE, LRU_UNEVICTABLE
9] JAEQ} o]l £38T wf AMESt= Y] lock BITE
7ML At 3 8L pagevect-RA o AFEHATT

167071A] ®olAl EH LRU locks F1 AR AZH &

10000
9000
8000
7000
6000
5000
4000
3000
2000

Write Throughput (MB/s)

1000

1 8 16 32 64 128 256
The number of concurrent threads

e Total /O Size = 8GB === Total I/0 Size = 16GB Total I/O Size = 32GB

Fig. 1. Parallel Write Performance According to the Number
of Concurrent Threads in the Original Linux System
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Algorithm 1. Pseudo-code of LRU Modification

modifyLRU(new_page, LRU_mod_action)

new_idx = (address of new_page)>>10 % FINER_FACTOR
add(pagevec[new_idx], page)
prev_lruvec = NULL
prev_index = NULL
prev_lock = NULL
if (size of pagevec[new_idx] >= 16)
for every page in pagevec/new._idx]
Iruvec = get_Iruvec_from page(page)
index = (address of page)>>10 % FINER_FACTOR
if ( Iruvec != prev_Iruvec |/ index != prev_index)
if (prev_lock != NULL) unlock(prev_lock)
this_lock = Iruvec->FinerLock[index]
lock(this_lock)
prev_lock = this_lock

end
do(LRU _mod_action)
end
if (prev_lock != NULL) unlock(prev._lock)
end
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Fig. 5. Parallel Sequential Write Performance of KNL CPU
Server as the Number of Concurrent Threads Increases
in Various FINER_FACTOR Settings
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