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Abstract

During the MPI parallel performance testing of engineering numerical simulation software, several
critical challenges exist, including difficult tuning of MPI parameters, low efficiency of manual test-
ing, and untimely updates of performance baselines. Enhancing the efficiency of parallel perfor-
mance testing and parameter tuning has therefore become a research hotspot in the field of parallel
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computing. In this paper, a mapping model between MPI parameters and performance is con-
structed based on machine learning techniques and the XGBoost algorithm. An improved IPSO au-
tomatic tuning algorithm is proposed by adaptively adjusting the inertia weight and introducing a
Gaussian mutation strategy to realize automatic tuning of MPI parallel parameters. Automated re-
gression testing technology is developed, and a performance baseline generation method combin-
ing statistical analysis and outlier elimination is put forward. Ultimately, the SimPerf platform for
parameter tuning and automated performance testing is designed and implemented for the re-
search and development of MPI parallel software. Experimental validation results demonstrate that
the proposed platform can significantly lower the MPI parallel development threshold for simula-
tion researchers and improve research-development and testing efficiency. Compared with tradi-
tional manual methods, the efficiency of performance testing and tuning for MPI parallel simulation
applications is improved by more than 70%, and test coverage is increased by over 16%.
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Figure 1. Construction process of MPI parameter and performance
mapping model

& 1. MPI ¥ 5 RERRGTR BRI

DOI: 10.12677/csa.2026.166225 254 THEAURF 5 R


https://doi.org/10.12677/csa.2026.166225

(1) 245 SR AL S HRAE 1) F A A

2 EERRAESRIR 122 M2 MPL S80S VERE MU R (60, I MPT S8 E . B ATIE 17 50 3R
HR B K 1 S M S 5 PE S SRR I B AIE , BB TU AV ., SRTHRE R R B B 52 fbRe 1. 4L
TEBIE 15 5 MPY 3647 S0 F (OB AT R M, RS 2 B R S MUK M B AE « PRBEARAE =/ 26 JR T,
B R AR AE T, AR 2R R O S

OF > Canz i

HET 2.1 DRI MPL OSSR, SLIUE BN KBS K RS BRI A O S H
fiE, SFbEsl, B . EASHCR A 2 R AE AL T 3, [ SR S R A, F T
Yo,

SR S BT 7F B S B AT RS EE, AR B BT L1, Max MEFRSI0 2 1) (4T 25 4% SRR —
L3R RELE R SRR AR b 2 7 2, T AR

x — ‘min (1)

norm
X, ~ Xmi

max

A, xnom AH—WEERME, x ASEFIEE, xmin ASEHUE TR, xXma ASEEUE IR .

B B0 R Re IR E A TR EUE, k0 b @ R T BUZ O SRl RS E. X T 0 A
HUE M BRI S5, MRS 14177 20 iy n 4 akfl i, Bl g e hi N o
B, ZafidAl,0,0]; A “HEFE” B, gm0, 1, 0]

TAEBSEHNCE 2 NEFRAKE, W P EZO0ghE” AXTIUE “ORI0)” 5 “IFE0)7 o X
B2 S HOH AT FFAE S BN B UE EP AT

(@) MEREFFIEFZIN

KA MPIL I#47 B IZ AT A2 T AR O PEREFR PR AR AL S AR, 32 S B (R AT R B8
FIF R 5B EMERE, 5N IS TRER (s) CPU PRI FI R (%) WA7 5 FE(GB). 815 iR (ms). H /)
it 8 (GFLOPS). 7 i li) @5 2 (GB) % -

IR ORI BERRAE (VR PR S R M, T3 RAE I ME REBE A TS VEAL B, SRR 5w (. fh AR R AA
KRB S P ERE 51 SR s .

(3) IBIFFAEFZIN

HRETREBUED B P BT S 2 e, SRR RIS . BEIAEE . 1 3 SR IE AR A i By
TERENAEAY, SEFEA R 5 IR /1. RALEREL CPU Z.00 8. WAF AR WM& BE. 1Y
ML BERG. ik MPLRAR. (7 ERUBL, PRS2 5 . 1T 55 282055 10 M0 MPLIZ T IR B R
fE, APITSZSHCRHESRL, AR DU AR A A — 1y 3

@ FRAEALRRE B

BAULE 3 FRRERAY, M AR RN RRE R X RIS IZITAERS . CPU PRI R 2R JE(E
FEIRAE Rk O REFEAR, M BB (1% AR AR 1A &2 Y

BNFHLERE X e R" (n A EDY4EE), A

n

T

X X X, X X X Xy Xy 2)

pi> <> pr1> prZ’“" prj>“*el?

X=[x

r>

Horh, X, ASEHHIE, X, NSEORBRE, X, AFREERHIE.
TR Y e RY, B

Y=[r,u,D]' 3)

DOI: 10.12677/csa.2026.166225 255 HEHUR 5 R


https://doi.org/10.12677/csa.2026.166225

Bt =
AT,

WL

Hrr, TANHBATFR, U CPUFRIHE, D NEEER, ¥AH—WERE.

(2) Hdfs sk

X HRII 22 4E B N AIE 5 i R B R A7 i — S AL B, SR TP ALY ZRAK R 5 TR B«

@© FHAETE : K H BAS BT 5 & 4 N RAE S5 5 RRE A) (9 BLAS JBUA , 0k BAS BME > 0.1 HFE,
SR TURSRHIE, AL OBNRHE, PRI A

@ HAERISy: R TRAL S R AR 1% — s LU BEALRI 2 I Rge . SubgE . MAAE, 20 H TR Y
AN 25 ABEAGE S, KR uEE A TN ERE . ABFTERA 7:2:1 BRI Lo, il i 5 56
R A TR 5

@ G—IH—fk: WPrEREEERA /D - mRE—” A3, KA RS A0, 1]XR], A OREL
RN ARE T

(3) MR A e g

e MPL ZH 5 MR ARGt G, X EE &Ml BENLARAR . KRR ENL(SVM). BHFETR T
W (GBDT) [16]%5 2 Fil#8 2% 2 BE R A, S 2% HL XGBoost (Extreme Gradient Boosting) B H2 FH [ 17]
VBB At AR T

XGBoost FH 1 A A TRAL 3 S 1) 2 4EFE R HEACRFAE ) &, A2l P i + IENME AL BE, e
i th 25 RONAREALPERE AV B ([T, U, D)o 3 FAR B E0R 451K R HOR IE U AL T -

£(0)= 3105+ (%) @

Fortt, (v 3,) NEUKEREG RPN 5, 52050 y, iR, Q(f) WIENLE, BHBUu s s, &
G K AR AR
RUHI I “HIT iR IEMSE)” (iR mH, AN

l(yiaj;i):(yi_j}i)z %)
TENMETS 2 200K
Q(ﬁ):yT+%lWﬂ2 ©6)

Forb, TONURSER BN 745 8, o T BIRLE, y M RN E UG R A R [
125

(4) BRIIGSESHL

FIHINGREZIERT XGBoost B HEAT IR, K HBHIE T Bk MG TNE 5 ShRE 2 6] (1) MSE 45
KRR, I AR SR I G50 SR, BRI A RS s IR AR oK H R (Barly
Stopping) [18], #HFHEMBIRAEIELE 10 FEMRA TR, MM 1RIZ, BEHRdils.

FIFSAESE R, R “ MR8 23%:(Grid Search)” [19]XHA5 Y ({ 4% 0o S Bk AT AL, #i e i i
SRR

(5) BEALEHIE

R ISR 5 0T I 2R B 1) XGBoost B A EAT B0 AIE, T B T3 48 %0 1% 72 (MAE) 1 77 1% 72 (MSE)
O RERERVEM AR, JOUEBB TR . PP FabsTH R AT

4830 R 7 (MAE):

Q- A
MAE:;ZI-:J%_J’J )

DOI: 10.12677/csa.2026.166225 256 HEHUR 5 R


https://doi.org/10.12677/csa.2026.166225

¥ 7713 % (MSE):
MSE=—3" (3, 3,) (®)
WE ZEU(R?):
2i=5)
RP=1-E )
Z(yi _y)

Hort, y o APEREFRARSCBRE, P A MEREFEARTUNGE, » NATA PEREFR AR S BRI P . RO 1, R
A AR R 0 2 SRR T

IRUFSE K, M XGBoost ML A BA R S TR, BB EAFRSHAE. AREZBITH
BRSO S FPERE, NS 4 A S A PR SRS A R S A AR TR S HE
2.2.2. BENBREERT

T MPL 505 MM B M T RS, it B SR AL, SEELMPL S 34 & 10 H Bhig R 51k
t, EFRFESURNRATFhIESE, W RERMESHECE, =ANHSTERE. B3k EEn
ol B AR RAE S B TR P, DR /N (98 2% AR BRI 48 2% 1) B % 4 7 F Mk R SR AR (K S L

ShG TAREEE T B MPL FHA4T A I S B M (B O 5 SRR A . S HURNTAE R ) 5 MR 7R
RE/MEIBITRERF . B CPU IR . B/ MEBIEIEIR), 3B SGH AR T B AL 5 (Improved Par-
ticle Swarm Optimization, IPSOME A B B R IAZ 0 i

(1) 1648 PSO ik Bk 5 ik S

FEGE R BEL AL SV (Particle Swarm Optimization, PSO) [20 @il 540l S B & 1T R, HENSEEU S
KA BT, FEMRAS TR AR I R T A B A E R I d . (E7E MPI SE0RIL SR e
JEHICSGE NS . S RN S R B AR R B . BF XTI, E U6 ARk R AT T T T et -

@© IR [F 38R ARG . PR FEAL S PSO [ e R, SRt + JRLRIEIBIEM HiE
AR PERCE, B SAREIE N, ShAMEYEARLE, PHEL A R RGNS RS R 10E
). AR ETHEARXN:

(1) = (O — _t+a)mm+a><rand(0,l) (10)

)X
max min

Hrb, o ¢t WOERBIBERE, onx=0.9 RRBHENE), omin=0.4 (GDEERE), T ABEA
KB ¢ AAHERIREL, o= 0.1(FFERMEEIE R0, rand(0,1)4 0~1 Z A I BEALEL .

@ BINBREAE: FEROERE, SRR BT SRR [21], XN R SRR 147 AL
B, BAEIEBANRTRMLME, R RemE, BRARA:
x/(1)=x,(t)+oxN(0,1) (11)

1

Forb, x() NEREIR TR, 3 () NERATIR TAE, o=0.05 CBRFRIES), NO,)MFEES
IATBENLAC, 75 SRR D0 (51 30% K0 T-HAT» T o L 2R B e .

Q) BB EEE TR

IPSO 1 BhiMHR vk HIE A7 AR & MPL SHCRFE S BB B GE 77, I\ S50 2 Bk e
SR L S E BTN, R AR ] SO, RTHRIRE, UL 2 B

DOI: 10.12677/csa.2026.166225 257 HEHUR 5 R


https://doi.org/10.12677/csa.2026.166225

A
ﬁ%
BEALA | AR #iEpbest. A
Fr. LIRS TR gbest sl
L a
BRI HIHE R A EBRERK . e
ﬁ%_gﬁgﬁﬁ piffry — o Hiﬁﬁjm}ﬁﬁﬁ%ﬁ'ﬁH 4R //
| =
ipbest. | | R | | sas B
gbest TR IR B

Figure 2. Operation flow of IPSO automatic tuning algorithm
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Figure 6. Model prediction error and accuracy under different scales
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Figure 8. Comparison between automated and manual regression testing

8. BEpLEYIMA S A TR EE

(4) TEREHLLA LY

BT V2.0 AR Bt EDRINAYERERER, £ G AR RERE L BRI V2.0, V3.0
FRA B PE RE R S 2 RS b, IR AR IS AMEPE RERALRE /s FIRTAE V3.0 fRAR A AN E MPI JfE 2
HOBC EA S B B REIRAL, SR TET 65 10 7 8 TUE A RS I BUE AL RE ) o R BE i 22 5K E
A FERREIE I ZE 2R <10%, FIENTEREILH ; FMZESR >10%, HlE NPERERIL, il & e .

Table 1. Experimental results of performance baseline effectiveness

=L MREELBNMTRSER

MR A AR 54 R
V2.0 TEREEE PR ZE N 3.2%, LTE Ak
V3.0 (IEH A ST 22 23R N —8.5%( 515 R T RESRTT)

F U, PR ZERN 8.7%, A — I E MR H)

V3.0 (U 2) VB M S 2 3T 2 15.3%, MR s (— MR H), FRA VB HEE I
' N “CHEFEIRRETHE, EilteE MPLEEHA. S X/NEBEXRSHICE”

V3.0 (AR A 1)

WA 1 PR, SRR 5 A5 KRN, VEREFELRENS HEDH SO AF I SEHEE R KT, 0 B IR AAAR
ORISR A RAF A A N, [FIN RE A8 PRI U ML RER AL I . 1 65 i3 3 TUE LA ER . A 2L
BEMSAR YR VR RE W 22 R A 2R 0 VBRI an BRI HERSE G A IR N S Pud e Ar i, 4271

e LA R 2

DOI: 10.12677/csa.2026.166225 265 THENUR S 5 R H


https://doi.org/10.12677/csa.2026.166225

5. G5RIB

AR FCEE X AR EE U7 TR N S ) MPT JFAT R AR DR P RS B SR R S5 O 1)
THERBEARE — P G R . RGMBIFE 7 IrfEL MPT 0S50 R, 2T XGBoost Sik 4
MPI 21k fe 5 WU, 255 Bt IPSO FESKIIIHT S A ML R AT A B3k A HR,
SR A Geit o b 5 R SIBR A 45 OPE RERE A RT3V, e B0 S BLIT ) MIPT AT 07 BT 24
WIS B EREI BT 6. SEIREURERY], 1T 68 R TR N I IFAT IR R IME,  RIESR T+
KGR, PEREMBURAIRRCRGETH 70% AL, I 22 R 52T 16% UL 1o WL ER P8 TR BB 0
FON IR At — a0, RIS R AR R TT 5, R B i TN HAME S48 /%

LRI AL E RIRYE: XGBoost BRI & I L8R UIZR, KRB 5 F REMA K =,
INFEAR SR TR AL RE 152 IR AR, P B XTSRRI 2R P S AR E MR BB B SUR Y i R
WA, SHBLRA. FERKK TR, ARSI NER A [26) SR 31 [27], B #5250
REHR M ST/ IFEAKEE; Bl LSTM I PP R 28] 2] IE W #Iah i, X7 BENLI Sl 5 LB AL,
BRACTUE R4, #t— SR EXRE = . Aa i HPC R IERCRE /), SCH#ES = M5 N MPL JRAT 1
RE A — ALK 5 R A

SE 3k

(1] b7, APRE, S 45 BT MPL RS E ) B A AT G 0] HEALS I, 2025(12): 38-45.

[2] BB, HATHENLRLGH MPI BT SHRME %58 AR [D]: (B2 Aie 0] Kib: EFREOR
2£,2019.

[3] XUk, mEAK, SKER. FEATRRFIEAT AR R RAI]. EBRHE R 244K, 2022, 44(5): 45-52.

[4] ™%, KA. FT Viune 1M CHERENRE R [J]. /5 BHAR, 2010, 34(6): 72-74.

[S1 Wylie, B.J.N., Giménez, J., Feld, C., Geimer, M., Llort, G., Mendez, S., et al. (2025) 15+ Years of Joint Parallel Appli-

cation Performance Analysis/Tools Training with Scalasca/Score-P and Paraver/Extrae Toolsets. Future Generation
Computer Systems, 162, Article 107472. https://doi.org/10.1016/].future.2024.07.050

[6] Bader, M., Bode, A., Bungartz, H.J., et al. (2014) A Case Study: Holistic Performance Analysis on Heterogeneous Ar-
chitectures Using the Vampir Toolchain. Advances in Parallel Computing, 25, 793-802.

[71 Alghamdi, A.S.A., Alghamdi, A.M., Eassa, F.E. and Khemakhem, M.A. (2020) ACC_TEST: Hybrid Testing Techniques
for MPI-Based Programs. /[EEE Access, 8, 91488-91500. https://doi.org/10.1109/access.2020.2994172

[8] Choi, J., Fink, Z., White, S., Bhat, N., Richards, D.F. and Kale, L.V. (2022) Accelerating Communication for Parallel
Programming Models on GPU Systems. Parallel Computing, 113, Article 102969.
https://doi.org/10.1016/j.parco.2022.102969

[9] Hunold, S., Carpen-Amarie, A., Liibbe, F.D. and Tréff, J.L. (2016) PGMPI: Automatic Verification of Self-Consistent
MPI Performance Guidelines. In: Lecture Notes in Computer Science, Springer, 433-446.
https://doi.org/10.1007/978-3-319-43659-3 32

[10] i, Bxk, BRIEE, & SEFSobhF AL UUV ERBERIBUEE R AR R, 2025, 47(23):
92-97.

[11]  BRTEE, VPR, P, LA 21 IRS) 4 RE AL 38 2 AT 75 H A 5 4544 3l 0 Rt Rl i i LR (7). TG 28 ELIE
B, 2026, 23(4): 16-20.

[12] &7F, &%, LR 24000 H 2 8 RAT TN TR [T]. 0 E TR 225 50 B 2240, 2025, 20(5): 529-
538.

[13] KW, EEE, e, % ETRSBEZENAER BRI 2 F TN, TRV, 2026, 46(5):
1499-1506.

[14] JF#2, skingk, £BE BHRZIR S N AR E AR S 507 535 [/OL). N BN R S, 2025: 1-12.
https://doi.org/10.20009/j.cnki.21-1106/TP.2025-0307, 2025-11-14.

[15] D, F&#u, &, % —FEEHEM% SAR EE HERRA L5 1E[T]. 25 R IERT 70 243), 2023, 37(4):

DOI: 10.12677/csa.2026.166225 266 HEHUR 5 R


https://doi.org/10.12677/csa.2026.166225
https://doi.org/10.1016/j.future.2024.07.050
https://doi.org/10.1109/access.2020.2994172
https://doi.org/10.1016/j.parco.2022.102969
https://doi.org/10.1007/978-3-319-43659-3_32
https://doi.org/10.20009/j.cnki.21-1106/TP.2025-0307

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]
[27]
(28]

295-300.
AR, T, FK K. X EAEFRHEEBET LR [J/OL]. AN TR M, 2026: 1-30.
https:/link.cnki.net/urlid/11.2127.tp.20260314.1256.010, 2026-03-16.

e, BUEE, W, & A TR A SAE RS RN 7R [I/OL]. HHENL LR 5N, 2026: 1-17.
https:/link.cnki.net/urlid/11.2127.TP.20260320.1131.008, 2026-03-20.

AR, TRIE, B, & BT 2R UER B8 R M), St =R 5 &, 2022, 41(5): 21-
25+49.

TREE, FoRss MBS & BT HZh &N SGER kd-tree BLFIEARIERBIA D). TR 5HA, 2024,
56(6): 217-229.

TAHE, B, SAsE, 2 BT HENNE MPC BB AN EPOBEREEHI]. Bl2AHARE TR, 2025, 25(23):
9883-9891.

WIE, JE4, 2. M) RSA Bk MAEEHARE SVM SRId R ], tHENL TS, 2025, 46(10):
3016-3023.

AT, BRI, Mo, 55 e iR R S R SGRIA MR AR T[], THRAECR 5A R, 2020, 30(1): 13-
18.

BRESE, ZAk, BRAS, . 5T OIR 55 200 1A 22 U S R B S A3 S 6 B TH[I). B A I E R, 2025,
44(11): 251-256.

WRBE, SRS, FR4kSC. T M s b it SRR [J/OL]. {5 B2 4x54H, 2025: 1-22.
https://link.cnki.net/urlid/10.1380.TN.20251211.1125.002, 2025-12-12.

TRH, PG, AF4E. BT Slurm SR EPERETH E IR R R B R B A J]. THENLEIAR SR RE. 2025, 35(11): 180-
187.

BEEETN, P52, TR SITE e A S R P ) S D], A REIREAR, 2025, 57(6): 120-124.

F52, B T IR BB IR R G BED]. 18 BEIR. 2026(3): 1-6.

22 ArIR, BRFEM:. T ARIMA F1 LSTM s tE RS & B4 B i A 7C[J]. TH5EHLRNE, 2025,
52(9): 178-185.

DOI: 10.12677/csa.2026.166225 267 THENUR S 5 R H


https://doi.org/10.12677/csa.2026.166225
https://link.cnki.net/urlid/11.2127.tp.20260314.1256.010
https://link.cnki.net/urlid/11.2127.TP.20260320.1131.008
https://link.cnki.net/urlid/10.1380.TN.20251211.1125.002

	基于机器学习的MPI仿真性能测试与调优平台
	摘  要
	关键词
	Machine Learning‑Based MPI Simulation Performance Testing and Tuning Platform
	Abstract
	Keywords
	1. 引言
	2. 核心技术与方法研究
	2.1. MPI核心参数谱系梳理
	2.2. MPI参数性能映射模型与自动调优算法
	2.2.1. MPI参数性能映射模型构建
	2.2.2. 自动调优算法设计

	2.3. 自动化回归测试与性能基线生成方法
	2.3.1. 自动化回归测试流程
	2.3.2. 性能基线生成
	2.3.3. 性能基线动态更新机制
	2.3.4. 性能基线可视化与异常预警机制


	3. 平台设计与实现
	3.1. 整体架构设计
	3.2. 核心功能模块实现
	3.3. HPC作业调度系统集成
	3.4. 平台适配性与可扩展性

	4. 实验与结果分析
	4.1. 实验环境
	4.2. 测试场景设计
	4.3. 实验内容与结果分析

	5. 结束语
	参考文献

