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From local optimization to global equilibrium: the influencing
mechanisms of balance in multi-variety and small-batch production
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Abstract: High-end manufacturing enterprises have complex product structures and prominent
individualized market demands. They generally adopt a multi-variety and small-batch discrete
production mode, which represents a typical mixed push-pull production type. To address the obvious

fluctuations in production equilibrium, unsystematic identification of influencing factors and unclear
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action mechanisms in the mixed push-pull production scenario, this study selected multi-variety and
small-batch high-end manufacturing enterprises as research cases and adopted grounded theory to code
and analyze in-depth interview data. Four main categories were extracted: supply chain collaboration
failure, dynamic scheduling game, physical system rigidity, and mental model feedback. Using the
second-order minimal archetype matrix and network centrality analysis, this study identified three
hierarchically nested system archetypes: Fixes That Fail, Limits to Growth and Shifting the Burden,
which revealed the internal mechanism of repeated failures of symptomatic solutions for local
optimization and the resulting production imbalance. Accordingly, leverage solutions were proposed
from four dimensions: cognitive adjustment, information transparency, incentive linkage and
organizational buffering. This paper provides an analytical framework and managerial implications for

high-end manufacturers to optimize their multi-variety and small-batch production organization modes.
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Tab.3 Matrix of causal influence polarity among core variables

Al s A A i I R, R, Ry A, A, Ay Ay A Ag
A — 0 0 - 0 0 + + 0 0 0 0
I 0 — 0 0 - 0 0 0 0 0 0 0
Ly 0 0 — 0 0 - 0 0 0 0 0 0
R, - 0 0 0 0 0 + + 0 0 0 0
R, 0 - 0 0 0 0 0 0 0 - - +
R, 0 0 - 0 0 0 + + 0 0 0 0
A, - 0 + + 0 + 0 0 + 0 + 0
A, + 0 + + 0 + 0 0 + 0 0 0
A, + 0 0 0 0 0 0 0 0 0 0 0
Ay 0 + 0 0 - 0 0 0 0 0 0 0
As 0 0 0 0 - 0 0 0 0 0 0 0
Ag 0 0 0 0 + 0 0 0 0 0 0 0
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Tab.4 Second-order cross-influence matrix of flow variables
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Tab.5 Causal network node betweenness centrality ranking

A Tyan Ry (FHAES Ry,(WBIE T Ry CHRUR L B
- SEAEA) 254e) )
Ri— — 0 +
Ry— — = 0
Ry— + 0 “

e %7 FRIRATAE FIR SRR s 1T i, K E S i 25 5 2 0k 2%
43T “0” TR IR ARE BRI I B e R
B 7S 312 A HE A o G A P T 302 ok AR AR i %) 45 4 <
Ry—R (+) M348 R Ry FRE—Ly Wb —L ¥ K—
R, EAL, BRURITHAE S M HAESERE ST, X AR
VB S5 A A O [ . I 3 4% T O R 43 Sl R
3R, (H AL AR A AL EE 5 5 MR 58 R T
SRS UE . LTI A E AT, A2
P F N A DT ) 45 A8 2 7E DSR4 b B AR AL PR
U 3 Ge% A% rP 0 S B A0
3.3.2 PR ML i puoPE T

A B0 o P AR Y R — T AR AT R
AR Y R B, HARCh

os(v)

Co = ), =

SEVEL

Kb o AR s B ¢ B AR R o) R
Hoh 2yt v AR 580

H—ALJR [ Cp(v) 0,17, {H MR /R IZTT A
DR SRAL T o AT R4 FH R

B2 3 e, Y SR PR e Ak R A T AT
HEFE A=[a;], FeALRNhy . #3% 3 AR i Xt j A7
76 IE [ B 6 B (<7 5k <=7 ), T
a=l; BN a,=0, UK HE 12x12 (A 17 TCAL
4% . B F Dijkstra 5% i ¥ 12 5 1%, fii A Python
networkx JE 115 BT A 7 S X By e R AL, 48
THEA T AR — A Eohoo kRS R R S
JI7R o

WO T A AL 9 i R BE AR b . HEA T —
B . L (W HBEEE 2, 0.4303) . R (kL5
TR, 04182) ., A, (AR ZEREE TR, 0.3939),
AP EZ A 12 AT SRR 2 60%.
SHEMR PR (A)) SPRE TORSU(R,) »WH
HRZERY K (L))" WELESER. L 2K
0, PRBLHAE DR 4 rp i) 2 BEARID R M, ok
FEE TR 58 . W ol 11 A0 B 24 A DR SR ATV de
LEBLEBLANI A o Ry BHEIL)S, 1ENURSN L, (A

He TR 5 AAehotE TR R
1 Tt H 3 2500 iy 04303  (BOoRAEAR)
2 PklsE TR R, 0.4182 (JiFArar)
3 S AR L TR R A, 03939  HEREZAEZE
4 ] FE L, 02545  HERisEEEIZR L
4 CBEEERYUR” OHEBRE 4 0.2545 DR I A5
5 PR A, 0.1212 HEFR A gE
6 BRI R AR A Ry 0.0576 (s )
7 T HAE S5 SE R R, 0.0212 (JiFArar)
8 BEIRH R Ly 00030  WERGNIE
9 AU SF R i) 4 0 PRGN
9 RS dek A P A Ay 0 R i BIR I] 9 45
9 IR 22 TR B Ag 0 —

— AN H, FHAE W Z A0 Fb e 0 AX 2] 1A 3R B 5 e
RN R P RO T

YU AR 1 50 BRI AR IR A AR AL, L, (AT
PrEL) 5 AsCHRRC 38R B ) LU [R] 0 A oo ik
(0.2545)F N5 4. X —25 5 A ML 1 B ERIE
FUAR G il MRl SRR R AL O YW
R 52 PR BT, kel o %) o P R S 5 0 i ) B
WK AE 2 - BAT R S B AR A My . S Sk
BB rp, i AR B R RS ) A% 0 I B A —As5—
Ry—L,—Li—A 1B 40d Bk m oty s, dol
PGB Ay T B ) 235 40 P R (A ST A

TR Ry XA AL o Ry AT B PG
PE 04182 i J& 55 2, W2 & T A R AR i 1)
R5(0.057 6) Fl R (0.021 2) o 3 J2& PRl by 7 PR SR Al 1
R, Ry J& Aq(RUdmdtt &) . As( YRR O3 |
A MIUAY ) 3 Al B AR 2 25K L, 09 L[],
ARFE AL R 55 B[R0 22 A4~ O 1) AR BC R DI RE . iX
— RN Z5 0 f EE R, WIRLE TR 2R RS
5 BT S i BT T A 2 — I I TR
77 A R K R 25 FA I B

A0 Az 9K B A% B 5 [R) 24 AR O TR
D7 o Ay CHiE St i A 7= RS ) | A CRURS: 22 M T4
JE) . A (SRR & SRR B R (A b O
0o Ay Fl Ag JEAMERAH &, U7 45 58 24 i
ST AN LAY s, A BohaodESh 0 02 M
KARMLE N ARG R, RICENER R S rh
Prije “UREhUR” MAE AL AT M A



290 o B TR 2 2 R

2026 4 5 48 &

As I B GYE SR 0 IIE A4 A ) I 265 1 B 1
FRIEFT S, A 8 L AAAEERER(KE 1), W
A —>As—Ly NREEEAR (K 2), FEfds iRk
TRIEGL G H . TR, A 7F )5 S
A6 Hp Ak R b B REARE Y S B T L S
125 B8 SR AR MR OPE R 0 91 55
3.3.3 ZEBHRA LR

HC PR S BT I AR A A, R DR SR R 4%
AR R GE R R A o 3 A A o e S sy
B, OB RGE Z I E R S5 .

HABARIERL LI R,—R, 1Y 17 1] B AR
F T, BN AR A R AR R . & 4
N, WUH R 2ZEEE L 97 KB, B4R DL SR 4
()R TR B A, VR, SR /22l 0K
WS RIVE FAE T, B TAT MEEEeami Bk 4]
YRR SR IE As, S5 & I H PR e TR
Ry W/l WAL Ly, SETY KT H S FE 20 L,
A ol L I B B W) DUOR B BHEE R 7 ik — A
AR G & Ak

25 I 4% 0 PR S BT Sk 5 AR I R [ i T 2
P B AR AR AR ST AR o B0 [ 4, —As—R,—
Ly—Li—A, & w35 s, Lo EHES 26
D). Ry(HEA%2) . A\(HEB5E3) . L, 5 4s(FF41
55 4) AL T R R 8 AR AT ST . X —
EVARN, FRZEREEWRRSEH “HRIE
27, MU E RSk, A E B b
eSS NS E A EUSR RS 58 3 NI RTNEE:: N
T WXLy SR AR R K R g, Horb,
G I 555 4 >As—>R,, A, LRI A5 K] R,
MM IE , TRy IE 2R M 2% i HERZ 56 2 i AK
A (D 0.4182) o X B WK A AE IR ff X AR A%
il AR o, S R A A R G v e G ) A% O S

RS

1

A
mm;

i 4 ]
il 1"FJ|J

ﬁ%ﬁiﬁﬁ*‘_—‘“‘lé%ﬁ
%ﬂmT$

<i T) *me
SHSRERE & wrmmk /

B4 HERTHETE Sk A& AR R A

Fig.4 System archetypes of supply chain collaboration failure
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Fig.5 System archetypes of the growth upper limit constrained by the rigidity of the physical system
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Fig.6 Fixes That Backfire archetype based on mental model feedback
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Fig.7 Multi-level constraints and leverage solution framework for production equilibrium
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