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Abstract

This study explores a novel product quality control methodology in engineering management through
a subject-based modeling and simulation (ABMS) framework. Addressing the limitations of traditional
approaches in handling multi-factor coupling and dynamic changes, the research develops a multi-
agent system model that simulates the impact of human, machine, material, method, and environmen-
tal factors on product quality loss. Utilizing the Netlogo simulation platform for dynamic analysis, it
evaluates the contribution of each factor to quality loss, providing a fresh perspective for quality
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control in engineering management. Furthermore, the study proposes a product structure optimiza-
tion strategy based on this model, identifying key parameters through sensitivity analysis to offer sci-
entific basis for performance optimization in engineering management practices. This research not
only enriches the application of subject-based modeling and simulation in quality control but also pro-
vides an effective tool for quality improvement and structural optimization in practical production en-
gineering management, holding significant theoretical and practical implications. Keywords: subject-
based modeling and simulation; engineering management; product quality control; multi-agent mod-
eling and simulation environment; structural optimization strategy.

Keywords

Subject-Based Modeling and Simulation, Engineering Management, Product Quality Control,
Multi-Agent Modeling and Simulation Environment, Structural Optimization Strategy

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

BB B AN e A T PR R e, Bk R EZ DU, JCH ™ dh iR A Ss A
A P R A 1] 2 EEELS 07 H(ABMS) 7 il B R g & B A B E
RS EAER], #R 2R RGNS ZTNEEM NS S RGN FIURG ] 1) 2 M
Al JFBUAS T B3BBG AF TR TR, @ B R G &4 BRI AT 8 LA EAE T, RERSIR
NIER BRI RGN AENL o (27 B TR RS AL O, 2 BAR R G BRE s IRt o il . IR
NS, NREE R BRE AR 2],

2. fIRENX

AU 2 AR EBRN T i AR, TR T R R G Ee . SRR RGO
FE R b ARG 0 2 R AR & S s AN AFfE AL, TUABT SR . Bl BE V& %2
FAT N A, RS HERR 77 TR RS BUR R 2R AL, iz Be iR R B B FT R % 5 TR,
AL T 2 B BB AR P i B P HX — B U A B AT, S8 R Rk SS90 98 B N A A
HEBN 2 AR AR T 2 SERRI IR RE[3].

ASHIE U AR 7 i o B A AR LG T o A& GE 2 ] U5 3240 SPCL TQM A LARMLXT S A 7 v
MR % A, B R AR E . BT 2 BRI f R BRI DU, (5 B Netlogo 7 32
G, B A oRE R R RS SR B R R R, AT E B P SOl R, BRI TR S T
ST [N, BT 2 AR R GRS S A MDA SRS, S BUBURE S T E SRR A I S
NP R AL SR R 2 A, ATk S BRI S L BRRTERUR, el AR s A
TF R -

3. xR
3.1. ZEERGEE
ZEERAGEE R —MET OARNTEEMEE VL, BEdEERRGH T NENEFEEN

DOI: 10.12677/mse.2026.152023 226 RS T


https://doi.org/10.12677/mse.2026.152023
http://creativecommons.org/licenses/by/4.0/

£

(K1 E AR (Agent), FFAEILIR L F AR AT N LA EAR A, RABZRBEAD RGEAVISAT U [4]. N EAREIERE
AFIREE) Agent BA ZFRUIZORAE S IRESHL i “ N7 BARUSHREMAE. HITE.
AREEZ OB, P BRRGEITSE. B SRR RS, R EARA
MR IS ESR . ARSI R MATRINIRT , &R T REIER: € )k RiZ e
TR W N BARTER A S S R AR RE SR T I RS, R D7 AR R S WOIR S S A, 31T
BT H SR TRE SRS R . RS SERAE  “HLE 7 RN S e i
PE AR R AUV BB AL AR, 22 0 1 P P A B T (S S, BN B . SRS
WANAT s WA EHMORT AR AL 7 145 2 A2 TV S D Td 5 P s e, filtn N 5 -
PLEE” EAR A B R T ST RS B SEIIRE,  “HLEs - PR Fo Ak A 5d i khad e 1 Ao
e e o TR, RS ERAT NS REBAK B R —E. 2ERAGERAARERN R
PERTATY et RERSAC BRI RGEH AOARERNE . ANHE VA )

3.2. FamREET

SR SRR B R ENE GRS AR HI(SPC) . AT TR P(TQM)AE . IXLEET IRAE— 2R
FE LA 7 i, (B R R, A A NN R A AR 5], 2 EARRS
SR AL S AL SR B A P R AR R (R S IR AN AT, REE S HE I S R 5 R S A 3R S A
PEFIBLAR, a7 R R SR AR 0 BB AN i

3.3. &tk

SRR L — EARFM T, A S E A S BRI R R TR AR I R . T
SR ER AR AL k. R ERRSE . AT, REEELEE R RGN LB EZARR
Z IR AR R REh 224 . 2 ER RGUE BB B R S h & A BARRAT N R TR, REW NG,
AR AL N4z . PRI AT Al M A LA Sems (6] -

4. ZEHRGRIES X
4.1. BEIES

AR 2 EARERES 7 FOTE R fh R BUR MBS . Ko i i 2 B, e 1 s
PR BRI TS R R, BN GE S HLEs . JRARE J5iE DR, b, NG T7 T i B R
NG ROL; HLasRER BB O JRMRIRE e R 5 R BC b TR B D5 T
TEMLESH: NG R R B SRFSE, IXEE R Z00 ™ dh BRI B ARSI ok R
J B L R 7 B TR o« FERR R @ R, i B Netlogo 05 5P &5 X B3 TS BRI 3R S20A 7 it J5T B 454
RMIREE AN S AT B AN, TR TE7 i B BT BL L 5, D97 o 4 ) S B A A S ek
. BRI T 1R

4.2. BEHEAR

FERBOERR T, ZRGHIIT, AL Bl Bh ik IR AR TR /K 55 0 [R5 10] =k ] Sp 4k
R A (AR 26 P 0 B I ) S S A B . N D57 FE B T AR I S B 3 a9, DR SR P o el 4
PR B AT AR R MR, BURBLR Ry “ B R 2 RIERARLIEM SR 7], ZE®
Ol Z N T R EARER, A O R AR B KT 5 500 K 3R A5 AFAE R A RO 5 R
RNE, 3 AR AR B HHA 8] -

DOI: 10.12677/mse.2026.152023 227 RS T


https://doi.org/10.12677/mse.2026.152023

£

NG flas J bt R
Jii B =R
Al E
(EPSIESES

SRR —

i
E=l
ben

BAFIIA

Ji i

Figure 1. Causal diagram of product quality indicators
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Table 1. Detailed list of simulation parameter settings
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Figure 2. Trend of product quality loss with simulation step size
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