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Lock Optimization Strategies in Distributed Systems and Their Applications in Parallel
Computing

Yue Chen Dongxu Yang Xiaoguang Zhang Mengyuan Hao
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Abstract: With the widespread application of distributed systems in processing large-scale data and providing high-
concurrency services, traditional locking mechanisms face performance bottlenecks and complex management challenges.
Therefore, a series of optimization strategies are proposed, including lock granularity refinement, lock algorithm improvement,
and lock-free concurrency control technology exploration, so as to improve lock performance and system throughput. In
particular, the application of distributed locks in parallel computing frameworks such as MapReduce is analyzed, and its key
role in ensuring data consistency and task coordination is demonstrated. The research results provide theoretical guidance and
practical reference for distributed system design, which is helpful to promote the development of related technologies and
meet the increasing demand for data processing.

Keywords: distributed systems; lock optimization; parallel computing

0= PR, R, TR R — SR,
EusEBIAT, stAsaReptay O BES BEPABELEI

i e R RSl

RN, S asnmsg s, o ©o R AR DR

WS GNT | R . ST | WA R %ﬁ;ﬁééﬁi%@xiingzf;j; o ;@‘EL o

KBS B th T OV BT, IR ARSI, PR R

RIS A, b, W SRR A
SHUFRGTE, B NSRRI, LR SERE 24
;ﬁ jﬁ e | ey
’ R HATH BT — AN R S5 ,
FRUE AR A G AR R S L A O R I
e, (BEEEES—25Bki, CHEEdE st 1 DN RS EM
KR AT, RS RROTIN 1 1 HERBEEHEN 555
AR SEEIRA—BEGEERE, BN REHRR R, ISR B R — R R 2R A A 1 R R IR 48

RS AAREINUE], 8, RATERPLASPUREE,
(BAES ARG T AT A R FEBIXGAIE S
B il

AT e SRR, WFFTE A AR R T2 Rh
PLfeskms, BfEfEm ARG SRR A fEtt. X
SRS IR AR . PIETERSOE . TERDFAIREIROR

BALEM RS, XA EEE S TIEEMDIE. &
Bk, DMARSMER I HZ A ENARI KRS,
FEMWENEZE —MRZT A, TR EAR AN
WE, P TELERE RES

PORIEAWEN S S o

O fitk: RAZEHNEZ S EEIERAE -] DI

31



MRZBERATT 6% 4

ISSN: 2661-3697(Print); 2661-3700(Online)

B, WAEMZS, BNTREREEIG LIE, hAkdE
W% = s BRI IRESS o

QHAM: BT A H OGS NING, B
Sz S HEREANES

@IFATIE: DA ARRREB R RIES R Z N IME
55, FHEARFTI R EITIT, Redides.

@B TRk, 2HRARRE— 13
—MARL, HAPRLEFHROESZWAES N A b
T,

OF—k: REFHEZ GBI LIBEER— Pk
FIRIES, MIMERIHGE—

@EEFME: AETHNEENEITENHATUBTEE
KA R

DARARG ZR AT R KBRS 4T |
PIBRI ST . B, (e B, SRR LLRARE
AT BB IRk, 0 F RO | AT T EAR
550 MERERALHE S, ARG A DL AR > B
TR T, SRR SR o
1.2 %X R ERIZRA

D Pt - IR 9522t R WA A ae e,
He& pomti st PR 2, Il a5k Ae s,
AR %525 W BT AL FRY 55 B REAR A B

QZEZRN: 1EK i - IR 2R S Bt T T
TR, MRSSastt—B 0 n BRI, DAUERERAL R
A R S5 A e IR 25 HR BRET 73 BS Hiok

@SR SR AN SRR H, BN A
A& R R SERE S, S B SRR T A
.

@HFIRS IR AR (SOA ): SOA EMIRSHIRTS,
TR RS N VBT, BRI F I IS T E A
RV IR RS

2 P EAR S
2.1 §i 32

OFETEIEER AP B BdEE O HE b sk
— R PRI RS XS R EEERERRIR, BAEE
TEBALS:

QETEF N AP 20f# H Redis 5% Memcached
FHORAT AR TN E X ARG R TR ERE, BT
DS S B Bk

BH: T ZooKeeper 15> 4511: I H ZooKeeper M5
B 3 19 SRS ai L] . ZooKeeper FYFHIEL A 2 m] AR
AIEEME, (HFFZHE ZooKeeper HEHF,

@FTF Redisson FI1HECH: Redisson 22—/ E Redis
A E SR Java BENAEEAENAR, EHRAET 2R mak
PHSEIL, Al EASL. APEB. A9,

(® Redlock F.j%: Redlock & —FhZk T Redis i) 7=

32

B, EldAES A Redis T35 FRBURIR R S8
FRRT MR AT b
2.2 iR LI

ARG S, o mABU I HZ R A dE—
HEUER ARG E R R AR . SR ELS a2
RIS FE IR T IR], 1B E AL Z) R
BN RESIR E L RIR . A TRERTER, /M aiiE
B E AR, ROTER A 0T S A B
I, BIREMSWZC MR, BEAh, A TS S R EEK,
SRR S ARG FRET AR, RV 7158k
5 IS T, tWRERSHRHEIRSS . fEMERE T, 4
AABIREFTRE SR E LU B a5, DR R %
TRIFE K TR, Z2a it B sis it A 2R
KE, EFEREBIIE S B ARRE, FiR ARG IEm
Uh,

TEEITE B, et Dus e 205 A8, &
FEETHIRENDHLE . ETEEFEARNETEE. 2T
ZooKeeper (VNGRS , DLEFEET Redisson S5 AR ALRY
R . BRI AR AR SRS s Biln, &
THARER SR RS, (B REMIEMEREM; Mk
T ZooKeeper FYSCILMIBR G T B3R ) — B AT R S0, (HEE
ME RS Redisson AR HE T A FEE PIE
TUNTSHE = I PERE
3 P IL R B
3.1 iR E AL

o mARgH, T Bih i m R EE A
RGEREM BRI . BRI R LB R e AV
RIHOHES, M TOIFE 2R EH TR T . Bk,
RIDUEE A REA 2N, SCBly By, DURARERSI
Al AMEREES ARG R [N, 5IASRYRNAISY
BLAI, RIDURE G R SR I Al R fn 800 A9 iF. a3
BEIEALR, SR — NI SR ES, RIS R X
BEHA—A, DRI IS e, thoh, Wi
AR R T RGENAR R S 3, ERERSIRIEITA 2R
TR AN A EHOFREEA

FHRERXENEHLS RS, BDEEE RS
B, BB B, FTDAUC BRI E, 152
MERBEFE H AR RN, N, FIH Redis 555
PEREFFiE ARG S S, ATDURI R R R A R
e eATE . SR AR, PRI E— NS
RGERE . RIER AR E AR 2 R, 8
ESAT R L, FIUUBERA DA RKESIELIR
58 N HMERERI

3.2 PEEMMN
A AARET, SEENIS THRI Rt

IR — B 2GR (U s D i



MRZBERATT 6% 4

ISSN: 2661-3697(Print); 2661-3700(Online)

F L BRI R m SR BRI . A TR DB
. PIDLR AL AR B, XA R E R DU T T
ARSAHEREZE . AN, SRy By, mIDLREA A
SRR Ny, B AL BRI, MifuFar et
AR B H A TR

PR 58 T DLt 9D i ) B A BN TSR SE B, 3
ZORAGBAT E AR BIRIP R IBI2H, BhiR BT
RIBATIS AR AT RERE . b5h, (EFIRRHZE RS, ik T
CAS (HbBETFazii) WO, AIDURD AR SR A
FIBRZE, Mifidm AZERIMN R

fem BRI ER R AT Dl 2 R07 AR, s A
IR R E EMRE, DU RS RS A 5T
TRORPIEE BRI Tk, (EREEIROUT, b n] DB Hi
PR D BHRIERIREL, B2 ESLBHEREG H A —4
SR, DB NSRS 7.

R HEEN, AREZRIALNEEE, ik
RIEEEE D TARAOIESL T, SRS IR . Xl
KBRS IR R AE 2Tk Z R A 25 SR A RO
BESN, A THRE B A AL, B LRI TS 15 B,
FIASR T BAS IR FOoRNS , BRI IRIE R A AP
HoA L
4 XY EFTIHE R A
4.1 FHTH B

HATHERIEN THEZ LSS A% ERUTIHTHRES
TSI — RFVEIEFOR SR A . X TRV
RN TS, WRES NGRS ERRHAT, et
BRI L ERR] . AT R B R T
(RS HATRNR A FTERA,

HEFTIER T, AR R AORR R F 2R RS Y
AFEEIETCER £o SORMRALELN I T DLy BB Az N
BRAVESIHER AR, EEER HUEBIIRTREIE T
o EXFPERR R, AU AR R 2 20E (SPMD) Y
Gt s\, Hbfg MO HUTHRRARR, (BGEARRT
.

B3 AT S TR KRR S5 0 sl n] UHHATIRTRY
ZAVIMESS o KBRS P LUEHE SRR, hADURAHE R
Wi, (B HESFTR AL TSR . (E5HHTIR
LS TR TURGRMZH BT RE, iRl
ESE R SENRAE A NI

REF TR S THIEHTAES TR A, 7
PEARRER EIATHAT . Xl n] DU R R OB &
RN R e 6 R o Sih N S Re ki SiTH

FELIFHATI RN, FEZEEIRORAED .
S HHEE AN A A B E IR AT
TR RS BRI Db e 2 (R0 5 T4, TAEREE

TEAbFRER Z R Ers e, JHRFATEES AT,

FEATIT B By ST IR (0 TR 8 O B (R S A R
FRHEZE. HERAEMIN 2 0 FERS . SRR ot B LR (L
THATHATHO AR, K EEAESE L OpenMP . MPI A1
CUDA E42 (it T HATRAE I SRR, X T BAERL
THITEFN R, 5 FAERES RS HA A TR
ES[EEYAR
4.2 5% $E MapReduce HRY M F

R ARG H, MapReduce j&— PRI, BEm
Y P YnE RENE HA TR KBRS IR FIFER> . MapReduce
FEBLE LR R 43 A R 2= 25 BE—Map By BT Reduce By
k5Bl U FE . /F MapReduce H, 43 7RO R/
F & BRI R 2T S H T B BdE f — 2D
SERE:

MapReduce /£ 238 | £ 2> Map £ 4510 Reduce 1F 55
ZHRY, XL R RERRZEIPIL =2, 40 HDFS s,
A T HRIRIEX RS TR A R AR RS, IRERREE S
AP Flan, w24 Map (155 75225 A [6)— - HDFS
S, BRATRE - WHPRIR —R A — MESSEE
PATERE.

£ MapReduce [SZILAT, 237 mT DR SRz i 3
FHRIRIIFR DI, B5IEEER A —BRTEARE. Bl
AfPEE 2R, 5 ZooKeeper. Redis o H fih 5
DRSS . XEEARSHRHE T—MWLE], 01T MapReduce
TRV R AR [EMTE 55 T R AR IORTRE e

{4 F ZooKeeper LI 7y AUty AT DL Gl —A4~
ST SRR RBIOIREN, Hfb 55 2RI T S s
XTESFE. RS E, NEREID S
(E555 1, (BT ESERr, R SAREE, E5NRIDIE]
T REOFIREGE . (ESS5ERE, SRR A, R,

£ MapReduce {E\IZHT, iRk BRI R AR TR
BRI BRI EREEROR U . o B B R RE T8
PEBEILER, ek AL ] BETCIE B 250l o -4 IR IRE
Ak, it MapReduce VR, A TR 470 SR
BE—EER R g e R <t

5 it FNEIWL

WA T 93 R P RS LSRR M AR
TSR IIN o B AT B EEART S 528
P, TGRSR RS, B T — RV R
[T AR EEAVE S Wi PR i oI TR 3 e G

WIS, AR A DA ARG MR
(SRS TR SALEETE, BT BN T2
REVKIE, e H R EIRERRRAIR 5 T 2K .
FA T RRX EERIF 7T B AR REAS 0 AR ST O IF 52 & A AR
SERA M ER IUREE) o

33



ARZEBRATR 65 4 H

ISSN: 2661-3697(Print); 2661-3700(Online)

SE k-

(1]

34

Qiangian L, Rong L, Zixuan Y. An incompressible flow solver
on a GPU/CPU heterogeneous architecture parallel computing
platform[J]. Theoretical and Applied Mechanics Letters,
2023,13(5):387-393.

Real-Time Systems. Study Results from University of North
Carolina Broaden Understanding of Real-Time Systems (Real-
time Multiprocessor Locks With Nesting: Optimizing the Common
Case)[J]. Journal of Technology,2019.

Sandhya A, Lata S T, Namrata D, et al. Decentralized Systems and
Distributed Computing[M]. John Wiley & Sons,2024.

SAr A AT AR E AR S BT AR S5 R et = sk
BR[Z] F i H i A A E 54,2023,

TR I T MR G = K AR E T R 5 50T 50
IR GRS BE,2023,(4):60-66.

SRAE. 31 AT S ARG T TR A 0 E I R I RO AR T 1

(7]

[8]

9]

[10]

[11]

[12]

WFE D] AL FR I F TR B A B H R R, 2023.
XUZS A3 S A G PR SRR — S S R b
[D]. AL PR AE,2015.

W JEAR. 2 4% CPU_E SR B BRI i T S 0tk [D]. T H:
AL AT T 52,2013,

BNV SE. F R AR T R AR (I 5 0] F s b 51X
PRV 3£,2023(8):100-104.

g5 AT MapReduce ) 31 T @ M 20T LR 5T D). m 1) PEES
BERH,2023.

I T CPUIATIHE M SO ACE S ML T B 5T
[D].)N:AEEEEE T oK~,2023.

i L TR IEAR I H AT i 4 A B BE I 5T [ D] 7RI S /1R
ETRERA:,2023.

TEEE BRbk(1994-), £, S550%, PEICTEEA,

fitt, TAEIM, MIERTERERISEITIR.



