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Abstract: The self organizing manufacturing model was combined with the existing industrial interconnection technol-
ogy, wireless network technology, distributed computing technology, and artificial intelligence technology, which can en-
capsulate traditional manufacturing resources into manufacturing units with high autonomy, adaptability, and functional-
ity. Through interaction with other manufacturing units, self-organizing negotiation and allocation of manufacturing tasks
were completed. To develop a rapid response mechanism for the intelligent allocation of manufacturing tasks and self-
organizing resource distribution, the multi-agent contract net protocol (CNP) was integrated with the Monte Carlo tree
search (MCTS) algorithm. Based on this, dynamic matching between manufacturing tasks and resources was achieved.
Apart from this, a self-organizing operational mechanism and an optimization method were accomplished for the schedul-
ing of manufacturing workshop control systems. Finally, the practical feasibility of the proposed method was verified
through a discrete workshop task allocation case. The experimental results indicate that the method can better achieve the
goal of “one-step negotiation and global optimization”.

Key words: multi-agent system, self organizing operation, Monte Carlo tree search, manufacturing task allocation, intelli-

gent manufacturing

s EER: 2024-11-28; 1&EIHHA: 2025-01-23

EIEEE: FEUL, dtang@nuaa.edu.cn

EE&UH: HRARRFESEIHFFHITHE (No. 92267109);  E B ERABREH TTITRITHE (No. JCKY2023203C026);
KRB L EHERN AT RIBEIE  (No. GZB20240972); wh [H i+ 5 Rl 2 G B BIITH  (No. 2024M754122); {LJ3H H
IRBFARE G RIIIE  (No. BK20241389); VLI5S 15 i RITIH (No. 2024ZB194)

Foundation Items: The Major Research Plan of the National Natural Science Foundation of China (No. 92267109), The National De-
fense Basic Scientific Research Program of China (No. JCK'Y2023203C026), The National Postdoctoral Researcher Support Program
of China (No. GZB20240972), The China Postdoctoral Science Foundation (No. 2024M754122), The Natural Science Foundation of
Jiangsu Province (No. BK20241389), The Outstanding Postdoctoral Program of Jiangsu Province (No. 2024ZB194)



92 . o W

¥k

$9%

0 515

IR, B TS B AR S, TG
o e G ARG AR AT kI E K, 3R E
i3 M B AL R R Ak 77 il T BRE Ak
RRFTREWH T K E. EHEFRT, A&H
BE. BE ] BRI EIERIRE I “ B ReliE
ARG WNHIEN AR . B Re ]G i) H 2
W — R RER . BEEEAR. WA, AT
R ARSHEHEARME S, HEMmLI R4,
AR, HREANT) SHERSRIEE N E
RIS T . ERXNEREY, REIRESER. Bdio
BT e e SRR RS A 458 1) S5 Re I 1) 2 8 RE A R 4t
(MAS, multi-agent system) % #7 5% N = it 19 #F 5%
J7 1]

AT, JRE MASTEEFARFCAE BN —F AN
R Re G, (HAESEPR et R, Hh Tk
Z NG — R RIS 2 06 R A P il FE Bh A&
ACTT 5, MAS TEAL 45 B8 H 4 18] 2 Hh ik = 82 6)
e PANH 2 DR 2R 1 R 1 AT & S 2T Y
(19 . F BE Al RN SEE R 72, MAS 1 5 A6 i F2 H A7 7E
AR DR ] R AT ARG R . A AR e T I o A
WEEAR A FRREFE A& ENE R
ANKF IR EE ), N b (R eV 3 P E
FERCHIEAE 55 B 40 BC,  BE T B0HiE R H R
I AP FZHEAR . B Bl n) 8, 2R FAE ]
I RGEES HIE BT ST A T ORE R
=

e, fEfE RGEBTTI, & T Holon Al
MAS FE A ) i 1 5 70 358 25 T7 o2 de i WL P b g
BT . PR B T 2 T Holon Mk & A5 A 1)
£E 5 Ak 2SI HLH A TR P80 (CNP, contract
net protocolD) Ui i P8 E [ Rk, SCI T AR
T B 5 WAL E] 2 VAR L ZE ) R RE B
Wang %5515 F 4 4 i1 5 (RFID, radio frequency
identification) ‘5 Holon JT /& | B4 il i 11X 5 42
R, LA AR A f)E S 3 5 R . Pujo
SEWEEH T —FhJEZk Holon %%, it Holon A1E &
VIR R G R I SR b AT 35, JFid@ it Holon 8] &1
FEAERHAR e . Reaidy SR T “ W [F) 56 4=t [F]+
TG B ESR T —MIET MAS @S T,
DAFE 1 o AT 20 AR 7= 2 G0 1) 4% 5 A2 7 R e N R

Barenji 514 H T — F0 B 2 e 1A Rk 55 & 2L T RFID
oA i 5 W R AR R, I R RE AR A
P EPMEIR T RS T EA . FRHEERE T
— PR BT MAS B H% SR I 28 A0 AR e b e
%, AERNZ R RAR GG RSB T .
Rodrigues 4 [ —Fl 5 T MAS B #1]& 5 48 ik
FEMTTE, R GRS AR A SLBL T HiE &R
GE M. Tehrani FEH TR T HEENZIETE
HRIHE Rk R, ¥R kKA REES Y
RS & R A& TH .

Hk, fERIGE RO BT, TR
A ] P 380 00 A2 B T R e L PR 7 M AL
il o Wang SR T — MR MESE, FfERT
MAS [ it B340 7 B R R e, d il R EE
Pt A L FE R R . Wang ZEUSR H T — FR 3
T MAS ()5 PR FE SRR, R H 2R o &% e
AT R, FRARE & SERPR S AT AL . Kim
SR T — MRS MAS 5 a4k 22 ) 1R B i
R, @AFRARKSTH, RADEAETH
S 77, MaSE i B T U SR I i LA, A
FU T TR B AA AR PO i s Ml S P AR M 2 ] ) S
I EE ), SEEL AR B AR L . Guo S5 M
A7 N LB I e 7 S N VN i A NS i e
BERS VP Al SR EE 3 AN 5 s T A R (CNP).
Zhu ZEUE H SR AL 5 SR PATAESS I R, ek
Bt CNP SZHLHEAF MBI . Yeung 55"l 1L 52 A
PRI SRBE SR T — PPt CNP,  Jsb 7 ReAA P B
SUREMENSREE 3

M BRI TR LLE H, FE G RS AT 1,
B AR B4 1 Holon B¢ 3 MAS %5 $ 3& £; R 7l LUK
RFID. MK E G B A5 20 A0 N TR Re
HFAEgliE 4200, AER 5% TR AR5 0K 2 7]
JERIERR R (WUR. HLEs N5 HEONEAME
S BIRFEDREN R e AR J7 T A RE R
A NIRNIRIL, 2T 5838 . FEHE F o |
T, WA P LSRR & EROAEER R
PR R ALE], 58RIV SR IR IR R S &5
FURAH B A RCF, i s AR A B VR4
TR EER . Ar=EH g HRARHE RS2 R
RIS AT ALY, JE I MAS [8] () PE 5 58 4ok s B
B R A SR AN HC BRI AR AU ) Ty — O

i) /8



%4 ESAE T

BT S RIERHER I B LS 1 RS RO ©93 .

1 ZSERFHIERR

1.1 ZEEFFERGER
B RS EATE T 20 AL e hE b, DL
AR Bk . B REAw e SO RA H E M
PMETERANE,  BERE S P FO R 5 AR REAA
MAZH, SEMARGIER B AR, 756G 55008,
EZELIN d\ﬂtﬁi E I HIREAT 55 B R AN
oy A I ik S5 M HESD 1 2 B R R g R 4t
(MAMS, multi-agent manufacturing system) 1] fff
Foo B BEARAE IR AT A T A N
“ﬁﬁ%m%%iﬁ%ﬁmﬁ& RS I 136 %
TR R S 2608, I R Re R B B R, AT LS
%ﬂ%&%%ﬁ@ﬂ\ﬁ& REBY, dtmfest
%%%%WLﬁ%Mmm L, HT MASHIH
HPFREHE RGN P HEN RS,
@%%TU%%@%Q%%E&E%%%M,%ﬁ
AW EEAT WA Bt A SE L, AR A2 Bl

I BN, BT MAS 5 B iE R g4
A 1 s, RAEHE RGER MR, MAMS

/D E AN A BRI TR RER. A RE
AR Rk 4T . Horp, AR R AR A

T ARG PE A T RN TYMEE R, IR

BRERIE T AIE LA B R TN T TR R
A FH B0 b 2 AR T A% G (R P Ik 9 BR B 7 i (i
RFID. 4ERDSE), i M 3 5 REAA S R 2 40 R A 11
PSR- LS5 B S

(D PLAE A

Gl 0 2 R o 2R H R G0, X S
A A TCI A &R . A T S B ZE ) ) 3 )
M H TG, 8 MASHIAR, HhG IR A&
AN TR GBS ST BRI LAS R Re k. [F
i, T MAS (3 LS S HiE R4 0 44081k
ML, REAPLEE R & —m mikae 1, &
11 e B G5 N R & f R, SRR B 5 A AL
PR AR IS BAS S RIEAT S Vi, B sl

SESIFSY i e R FFaL K, A2 HORS vEFE  . ) N S
HIBN S AN AN 2 VE R 2R R g K KA RS RS . R, DL3s R REAR S W F sz ik
E— VR i

V) — (==
2 e v= @ =0 L ul
o (o) ] Gy ﬁ = 1 o
v" ------------- P v Agent 5 S s
Nk r——-' VN B D &, s
(MAI) 'MA2| (MAnl PR @ T o &S
S 4 2000
;€3 RE il e R A
ERT % AR eIk WEER
Eamn 5 mTe G
: A5 B
gk r— Fieli), G
= £oe?
SERHMESEE 2T 2GR
HLES REiR HLEE REIA
mﬁﬁﬁ%
s @ £ 0031
T RlEaE

B1 ZEFTMASH

B RERIIGE ARG



© 94 . o W

¥k %95

TEAE B2 et SRS, A, EE.
Hil 4N A EME, HLAR T BE Rt 2 X 4 A = B4
PR, FEr BT S o

LA R Bk = EAFE LI AN Thae: Bk, @
ot 48— BB AS P L s B o A 2 i R )
B, R, B K W EE A I SE S B AT 4
MrabBE, Azh 2508 B A S A B 4R (4 SE 15 B3
Ffo fEXAERES, mFVESE TR S iEE
JEAid R, BANRREAA TR TA R, Pl
HREA TR ER 2 R TIT R E . XL
LR I T R SeRIRE R E . R
M2 8] 122 LRI H P 25 T g o

(2) TAFF e

TEARZ KT MAS BT b, BF 98 & R IR A
T 22 BOE 2 8] R AR A B S ) A
B, MTHBERDE, XMEe ik NsT
WIS ST R R AR S T2, SR, B T
PRECEL BN, 25 5 it T AR A [R] PR 38 15 471 £
SR, SRR RGN IR AT

AR T AR R AR 3G It R MEREA TRK
UM, (EL 0 SR A ST 14 ) B X i AT 2% AT
EHAEANGET. FERT, ACKHR—T
PR R T B2 0 D 0 T g i 5 i 0 il
ARSI TSR — . ZH R T
PR — RRAE )38 PR 8 2 AR SR SRR A 1“8
W7, IXAREE AL T e R A L TR
BRI T4 55 5, JF i TR Re R A7 BRI

(3) R Refk

R P A A R R AR P B R R S VR
2, B AR REAA 1 R R R e AR R 4 T AT
FIFERE R AJE, SHLEE R RYE B BPIRES
HRIE R BRI A bR e, WEER Aeffisid
B TSPl 56 BT AT bR £ IS B2 5 i 02k

R S R R AR 1) e SR R A T A R 1) 3 4 )
HAUBECERIZ L. M ER BRSO,
WBIHLAR T REAR AR T35, AT DAARE A R i e sk H
PREAT T RRITR E, WS B ARG B/ sE LR
(] J/ NI T AR . SR 4

(4) Wi REfk

EMAMS H', BT 3N B AR AT 1 R PR A%
IRMESRSL T8 I S IR SRAT 5%, TRE 2B R AR
VESE R HEAT S5 1Ak . SR, AN RE MR 42 )=

5 R M I A B, T2 8 e 4 SR AN O
FERTIZAN AL, A SCH AR5 588 e B — > 1) 4
FifEE B SR R, R R RERE IR Btk A
P s IR JE IS R, SRR A A R s 55

= H

LB R, S 58RI RS 2 RE
A BT AT 52 BR 25 2 AN A BRI TR 5 o T M
B R AAERIE B RGHE 2R TT
R &, TR Re AR R I R AR B S I R R AR 1T
) BT 75 5 S B AT SEEL 4 = s sk Ak
1.2 FEedEmi ez

MAMS 1 2 ML - BUR B BEAR LR, JF
B E A LR AR ELME, B SEILSER B A
PN, X BRI B o A U, I HAE
B RMEREN. FEN, R8T S
B EVA B b, o ferd T AR B AL Sk 4 21
A B Be AR T T8 G AR 55 20T, A — SR
P i3

MAMS 1 2 & e P e FEAn 1 2 s, 24
AT FikJE, B RefR 2z 1a] e 5 B P A o 2k
NGRS . 28, — R R E R
J PR SRR SR A S AR, 2T LIRS Al
WS . EHNE BRA RE S T, MAMS H
PThRe R Refl (WLEs R etk TAHR Refd) FRSS
Eefls CREERgE. Wisgeef) WE T/E, s
AN .

AL, UHLE I K B HA, R R AR
M AERR RN LB R, FR@E i e T AT 3h
TR . MAMS iE 22 5K H 23 A 2458 il 52 B 06 5 7 445
FHATERAE, MM ERIE T fiE R 5 3 H A s k4
TEAT S5 73 Bl AL = ek R v s DAL R 7 Tl 2k

FET MAS TE/ME VG - B 55 07 10 4
P, HiiliE R G REE 1 MAMS o8 A4 7= 1 Rl B it
TR Z N2 M ThREe. SR, BN EIR G
BTG R RS I A T R EH A R R B AR B SR
WAREN, HE R E & Hirek %, FUiR D1
2R AR, 2R E—A R
fito=le UL RN, ANELSZ B ik G FM
LIRS -, SIN T B R R 5
FrRIBEMZE (MCTS, Monte Carlo tree search) .
%, B R R YRR, @I MCTS Bk T4
WG, NI PR UESDZS T B2 25 SRR AL



%4 VA

BTSRRI R I H ALE TR S5 LA

¢ 05 e

MAMS

v

HLas HLas
(RS e

Hlas

PLas

Lo
/ MRS

BfER4

FEdilag

W B

[B ]

B F R
YrkLi

i

fin T

w &

HLBL T

2 MAMS 2 F R I EE TR

2 &R CNP-MCTS WH & E BITHI R % B
AL EEHLH
2.1 CNP-MCTS Hhig#lHER

B CNP P i AL LA B0 S ek R
b4 R AL BE AR, 83 51N MCTS [ 18255
e, AT UAYEA PR TE SR A A AT S AT S5 R E
BRI T RS2, MTAAARTT B 5g T IA] . 4% 7
B HARRIAG . ASCIR ISR R A R
SR EIR MR (CNP-MCTS) ) MAMS
A ECALE], DUEN AT AR NTE S, @R
2% 2] (RL, reinforcement learning) % % R /& 18 25 1L
T2, P BN e A SR AL 2 ] SR AR LA A
PR R R G0N S AT 45 1 SER Bh A A

IR, fER etk skt fE v, A — R 500
TREE 7 MCTS BIEAE R NG E . CNP-MCTS W

Sy AL FE AR AR A0 B 3 o, AR AR 55 4 Bl ot B
B R R AR A R B e AR S LA e A
ZIa) o B REARE] A HARKTE CNP, IR BB REVR o 5K
REH IR MCTS $83%, vl LA S S A & [ 0 i3k
SR P i, AEsEEl “ SO, AT
L7 X—HAx.

FEMCTS 5ik H R RS fE R, B EE
SCAR B IR ORI A, AR RUE SO R TT
SRR L, T R SONBER T R R A3
T CNP-MCTS 1 5 H Wi 2 B AL o, B g%
P REAS T AR BT R R A RS, B
AN N /1 R e N S D21 B 2/ N N
TR AT T R

K B3R B TEZER BT R 5 PR BB 52 b ) 3G
R it RAT RO AGRAE 55 HR AR K



© 96 . o W

$9%

MCTS 4w S

HLEE REMRSEAE

przed
HEFFUCTIH
N D

ETS
FEMLTR I— 9T
L5, B R 1 A

T E

> R

— AT

| st —e

MCTSH %
PEAlbRAS

XHAS N
T AT

A
)
ARG 1 LS5
EURRTYR, HOHITA A Q]

> i

CNPZEH

B3 CNP-MCTS i /- Be L S AR i f2

REAA, NIRRT SRR B A R LT L RE
JIIHE IR, MEPIRES T A T AR HLAR
REARFAR bR B IIBCR NG B BRI K, 24 R0S
AR BRI 233 3 T IR IS F% )1 BEIR A %
UEL 0T A AT AR A3 AR R i T
FPI SR TP AR S L.

CNP-MCTS MLt MCTS 575 4 AN Bt 5] 4

fi7zx, CNP-MCTS ML+ MCTS Sk =i #2 32 2
SYNAL B VR FEMEY . REHRAT
K 4LEAE, HBERERTCHREE BB KT E¥
fF, FTRARE, THE—NHXEPRNE
SRV B AR L0

D EFE. MR SOTGE, AR TS PEAS ek HoE 15
HEBERAE T A, BEREEAY RN —NFT

HEEnK

> i >

HH — > Wi

e — R

@:@::@ﬁ i

FEl4 CNP-MCTS HLifilH MCTS 535 1) 4 B B



EEy TP BTSRRI A 4L s AR S IR *97 -

Ro XA REF15 mAE — AR5 H
TR, PE R AEZ&umRA . EEEp B Rk
FR R A 280 IR BAS X B (UCT, upper con-
fidence bound apply to tree) 5k, R ZEILNE
ANFH R E A, ARG AW 2 Ho =
TR, HRIEHA A, RS RS
O, log (N (v
o
E¢,%—ﬁ£83%¥%ﬁw%mﬁﬁﬁ,ﬁ%
R, FRERIXAT S TRk 5 K2
Jih, FabEE O PR =R RS R
AN, I B HUE S CNP bR A IEAH S,
FEAL S CNP R, 8% RS —OUE N EH
br, XWIAEESEOCE AL R, TOIERIESE R
RE o 1 S i F o 28 S0 U7 48 R A i A
log (N'(v))

N(Vi)
— 4 S ] T AR R AR R I T AL (BP N (v,)
BUNPTIRD, c NREL

g5 b, UCT(v,v) I3 — UM 58 = 10 ARk
BRI AR RS, RE BRI 2
() {7, E I YRS ¢ RN, AT BASEI MCTS i
I) TR FH B e PR R RER R R T RE 2 11 e R
BT, He=0f, B NRLIM, KES
JRTRE RE

2) Y. e Pk A R R R AN
5, TREMYEIER T KRA N EERZT A2
] DU IF FR AR 8RN+ 15 i, SRS AR YR T FH A
IR A AR VIR 179 5, BRARFE 05 i Beik
PATHE ZH1E

EMCTS Hikrh, 17 AR B2 41T | g%
R —ANIRES, AR T I I al AT 2 R AR 2
SRALEE S IR O ). R UG, W R S HT
R I 279 i, AT DAAR A 24 A0 1) oAk 2% 2 IR 8
CH & AT 45 T 203k B AT i) 3 B2 IRAT 5 BA B 3R,
AIVCACHIE RS A T Resh B S, REIR
PR LIRS T 8, OB N 715 RO
RS, CUETE ARSI R

S, ~S(s,a,) ()

UCT(v,,v) = )

fift, MCTSHIEGINT 2 Tic , X

O(s,a) < O(s,a) + oc[r+ y max O(s',a') -

0(s,a)] 3)
Hoh, R, M AE GG R
W it a, IR AMEAEE, 7 MCTS i
SHZL TR R AT, IR, s g,
BUFTIIREERES, s, RS MR ERA

7EMCTS SRy 20 /2y, 1 T-RIFF R
FR A BT T AR B R, AT BT
b B — A AT B — Y B

3) . 7 AR PR 4 Rollout SEMS [ A
R KO P — 2 BT AT 6 6 DUBIIAR R 45 5, AR
AN T R I 5 T R ] 5 A, TR I i
W4k, Rollout HEHE S 41k i — 2% K 06 % HARIR IR
(LB T B 0 A0 T 0 S0 Ry R A 5 0 7 7
1, RIS SER, ST ERE, HlT
FERE 2 T, 7SI RS T, 1 5
A AL AL 5.

FrbL, MTCS & & —Fh 2 T A8 1) RL,
A AL s — A AR AS B R, T RL i
HEANE R T — AR 5 — AR,
MUSEIR A E 5 00 T 5500, — B LD AR AT 5k ok
ORGSR A, (BT MCTS f B0 B b
e U

4 . A B BT R
Wb, R YR M B R EUN B, A
B S I A B, 24 B 1 5 A 7 B
B, FEE R A A AT A, X
SR A, IR 0 e S5 B A 5 S
B 9 68 M R

1 ’
ﬂ“”:N@w$;w”” )

Hor, V(s') A& BRI A ERAUE, AR
SR A R B RN, R BT I A B A AR
T T AR EL

FEBRERT H ARG, WTEIT AR KT i BIARTS
R EER AR R gTHE S, MCTS 5
V2 P PR [ S T A AT R R 07 SR AN
AN R KR

5) R, FEMCTS ik, “FE9 R
HoPH” ZASREESPATIRZ XK, WHLLLE
AW B IEAREONIE R UE R




© 08 . o W

¥k %95

], R A5, B‘%ﬁ%ﬂ‘i‘”ﬁﬁmiﬁl‘tﬂ?ﬁ\

R Z 1T &L M2 UCT BRI . &1 v
IF] A v 5 ﬁ%%éﬁﬁ*ﬁ)ﬁﬁﬂﬁﬁ_m, ﬂﬁ@ﬁjiﬂﬁ

S

MCTS SFELE VR 2 BRI in) o 2 A i 4 R
RO, [FIET, BEA A R 3G K 2 I E R IR
A2, A MCTS fEAELAT S MR FR BB
KETHE T . SR, 7 CNP-MCTS 1T 45 Ml &I
N, S 5EE TR e R A D,
D] 1k B % 70 7 PR B ] Py ok 380 45 7 PR AT 55 Bl 45 1
Mg
2.2 CNP-MCTS#HLHIHiAE BRI IE
F T CNP-MCTS ALl (1) il 3 AT 55 ¥ 75 43 e £
% CNP W7 5 MCTS YRS AN #2 . B Je i FE
AR YE CNP LI &L B 40 THR AR, 554
AT 0 T RE D i S IR AT AR s SRS A
AERAR S MCTS Sy it X M B L 25 g 42
E%% TR TR SR A R R IE A T

[ O ¢ UJ- &
N
5\:‘}1

ﬂﬁx@ﬁﬁﬂmﬁﬂb

Elﬂfh TRe Rt T R — LF e RE R~
H, R GG B 7R R [ AR AR S5 T 4G N
B I TR 1 i O T ) 5 N = S N =
FE U6 Jm T A g R B SRS A 3 A ?ﬁlﬁ%ﬂj
(FIFO, first input first output)« #FEAEMAL S (SIF,
shortest job first) FEAAEALSE (LIF, longest job
first) 124,

HR4E CNP AL, 7E U B2 R e A 30k 48 6 3 1Y)
BRI, 2 G iE R TG EDIRAS A OS2 B R
i, 3R SE MR B oK 58 LI TR SRR A0 H bR ASCE
XL FIRE TR TR R R B, FRH T
— FCHT BT AE fif A R SR M —— £ TR FE R e Ak o S
e, KaRE R SHERIEAEIIEMEES S,
PEAERHIE TR 2 R R W R

Mk _fmin (5)

Ly =Ly, Tty (6)

Horr, RS ET /NN LA &AM, R

BORHEABAAENL,,,, FN, RRERS M, T

O IR BNF R Ny 1, 24306 2 L 254N, Bk D IR
A SRR 46 i A B AT 1)

|La - Lb| < max {t,.k} @)

BB T R AN (5] ) 1) 3 B5 0 o A0 b FEVR N ER i
TS TG R AT, I T B8 . S AT AT 1

WSk b, WL, - L, <0, HkUARERE, f.0
IS0 AT 55 j 1 728 5 JFE A AT o] o s 50 & 119 7 38K
ZERAR U
| Lo + 1y — Ly | < t; < max{t,} (8)
Horb, TEMIEAT S S5, BRUR £, 5 AR 3 BT R
Z VR A7 B 22 S O, DA B 4% 2 TR 471
BN ZHIN IS IR .
G EIRE R EIEAG S, TR AL T
MESHIRWT
{ (), U(5*), -+, U(s")]
:22 T(0,, M,
Horp, S, RRH AR & F O R &L
£, Bk U(s") & E AN T T IR R ARE,
U (s*) 58 SN M ARYE & R X 306 T 0, 1)
56 LE, ZEEE T % & M AT NG BT A 15
T LA TR, T (0, M) Fnik & M % T
J¥ O, B L[], v, BUERG R T
L Lo e &M, T
Ve, s Y
Hep, MTJF o, fER&EM, N, v, BEHN 1,
W, BT LR B I ERY AT LT CNP
K U(sh)s
W%, N T HEHIETS O, 52 SRR iR H
i

)

E x;, dur,
“~

— 3 L P JE
arg=miny., | Cy, + Cy
— — 2 z X dur;
LogisticsCosts Processin, gCosts J J

MeM,;, jes

MachineUtilizationWeight

(1D
Horp, MZHIEAES 0,10 P T 220 & Ty
M T, M ZBhs 2l LR rin L8, R
A TR NZAESF NS BT, WM AR S
s M RIS S5 O, 2 B T H & I T HE 7T

ﬁﬁﬁ—fﬁ?ﬁ'@%&ﬂﬁﬂ GRS . 1R R E [F] N
FE T SR Wi [a] A (LogisticsCosts) A 1B
8] A (ProcessingCosts) o [ B, 5| A T Jj 824
# [ -7 (MachineUtilizationWeight) , K 5% b5 % &
1 H A R 26 5 BT (R R A R SR
AT 7RG, AT B b RS A AR i 1 & R 3 I



EEy TP BTSRRI A 4L s AR S IR * 99 -

T AR 2 6 £ S AR B . X AL TR T4
S xgdur, BT BA M A T AR K, 4

B S adur AT ) R 8 4 O

TAERH, A EE 2 BB BE A T 1) — P AR Ak

16 R e E I CNP SE i —fe 48 bR )G, 18
T BB MCTS BEAT bR 15 VP4l o i Ik 2 57 (1 5 4
ERTFExAZEE, MCTS LA Y2 H 3T
iz &, T MCTS R SRR AL RE a1 5 fir
Ne —MABHLT, TR R ARIEAT 55 S, 1) T 20
fEH Hoor o B T 20 8 G AE 55 4
{0, 0%, 00, BIETLFAH—ANEA ] &k
BT M), MY, -+, M} 5E 8. CNP-MCTS HLHI ]
YR SR I o T R R R A R AR - i ER T IR
T A AT VRN, B M EDIRES N RaE A N T
Hot. H, ZERNEEZRER TSRS K H
%, 25l Boe i TR RNZAT S ot b
I CARRE, AR EZAR S5 N LR A%

FEES . L5 o M3 ANHIL My, M3
M EATINT, WSS OLE SRR ST, A3k
£ ASD={al(s1), a2(s1), a3(s1)}, FIFI MCTSH
PR UCT 48 2R, g I Tz AT 45 (1 1 3 55 R
M. FEAESJ N T5E s %, FIFFFE UCT 3
W& PR TE J5 BN TATS5 .. BIHIE B M, o

N T SEIRA RS, DAL A MCTS 9% 11 [a]
PIAERSRE. B, T (BUT%) E4iRE
s IEBERFEEE o, (RIFEIN T8I0 J5, H24H]
JRTH AR Y A, MR IE A Lok R A M A A
e, AT ARE, AR ST,
HAT AR LR ZR, fER BRI PR A UCT Jik

Oy AR S UCT AE ik B B i RAE K
FATR, AT AR A, P A
AR AL, BT TR R, H R R B A
R B SG, W R s T, )
X1 S AT AN T, 75 ) 75 BRI AN T AR
P IE 1) TR o R ) B 4k 428 il 174 05, FFEAT A
PN MR HEARALL 0 T A A 1] 5 Rl A B T i 0
BRATAT ., RN RIS 5 UL BT Y AU 1)
DRI AR A e, RIETIUR BoE g &
S R B B AT 45 1k, DR R T 71 Rk
16 5 T [A] 558 T RS ek 125 HH e

EEXT M RIAE ST t FUIR S 5, TE4A 58 PRSI FE A ER
A Rollout HB& [ 175 0L, CNP-MCTS 7E i1 5 44
Chn e K pe 50 1] 100 ms # KB AR % 100 770
Wi ERRERE. ¥R, (iR, B4 IRE, &
Je MR IR [ G B 1 RS T B LA B A4 56
(i

FIRRR SRR A B AR 2 MCTS
& GEE. ¥R HE. B MELT, &
B RETE PR Z AR 22 (8] ~F 47, 30 #f e ml n 1
BTGB IE B IR R AL BE e A48 AR (Ui i 5e
T TE /NI TR .

3 ETMASHIHIEZEEBHRSIERIE

3.1 RflEA

T MAS [ 38 42 18] [ 2H 208 1 SE 56 3 A
B 6 FTR. %R EH LR fil i LR 4L«
1T R BEE 0 B sk STk e . 1 AN T
B A7 1) B AR B L 2 GRS E] AGV.
3ENHBENMT. 268 ER. 265 m LT

1145 Mg
[%Aﬁﬁ MCTSHFEA AL R TENT
X, Y, Z, L, N ) N N
i g m— F A VEIRAE
IEIII IH| hﬂﬁiﬁfﬁ ~~Eﬂﬁﬂﬁﬂ ¢B
il Raaa
s [ot][o] - [o] e
*Iﬂﬁllﬂ ]E.El@’
5l T 45 BB

I |

5 ETF MCTS Lt i



. 100 » o W

$9%

¥k

~wff T

y = Siemens PLC-
120012

A -

| .
BE33AGY- i
IEEE 802.11-

o L

Siemens PLC-
: [ BRI
d 12008555 Siemens
828D-
CNC?“ﬁ%J

| BetE AL
- O B IR- LNC-
FANUC Oi- || oNCEsfiz ' A
A CNCHH 7% "I~

Klo T MAS %47 [ A SUS1E L8017 540 B

Hty. 2 B EEEREZINL, TR B A I TR T
HBCA 2 MRS REIX

A 435 2 ) R 2 0] R PR SR A S 2 oo s R KO v
BRI REEE, —OME R A BB A
(177 AUk /I 1 2% 4 RS, I e i A I B LR R
H % PP SEE BN, 40 FIFO. SJF. LIJF %597,
TR B 5 A 5 T sk e, X ekl R

W2 T 22 R 8L LU A BE R R IR, AE
MAMS iz 47 18], 1 AR RE AR B A 7 AT

= RIREE, BURALSEII RFID. 2RS4 P bR,
H AL 2R3 2 )0 AT 55 S AR 1. 14T 555541
MBI 6 BT &. 3AHIEIT R, 1240 TAE
%, 28I AT A K. thah, RG22 T k&
(1) 06 B R AGV [ RIS fa i Ta) 2% 18 T k. A%
G A TR EE I B R IR X L 2 OC R X 28 1E
TRATHE Y. B4, BHEERIENE TE .
15 H ARG Z TR, AN AT 554 i B i A ke
77, HEHGERITTHE RS, HERTA ST
T,

32 ZWER5SMH

BT MAS [l it 22 (8] 5 H U 55 A FE AL &
TN ZE (A AL 2 i) (FISP, flexible job-shop
scheduling problem), X147 7E 2% 1 X [¥] FISP 42 45
PEURE SR RN, A B R T 43 9 AN LR AN
WUARIE TN B, 3l X P AN B IR B mT K
SR B AZAT 5 B T 5 A Ta), T Af e AN T R
FRIAE B

AICHEH I CNP-MCTS 7545 34 f i H R 2
L EEHR (FIFO. SIFAILIF) #EATXLE, LA
i A T ok S LR R ) I R G 3 A .
CNP-MCTS ip i 73 e AL il o 42 1 5 R Re il i R 4t
BT, eI TR R A B SR 1) H A . SE5S
45 FRHE AT 3 AMPEREFRTEEAT VT A o

1) F K5 LI IE: T RSG5 1R 58
WFIE], AT T SRR I e

2) AP AR E] . T PPldliE e s (L
) PRI AR S, AR T SRR S

3) PRIV AR 2R FH R i S 1R B 7
ERTBERE T HIE RGN BRI



543 TP BTSRRI A 4L s AR S IR <101 »

=1 B 4B 4R 3E 2 (8] i T4E 55 el
TS f£555 T2k A T8 I8 B () /s B K e BT/

Tl BEHI—ZE Hil— %) 12.3—15.6—13.3

o1 T2 BEHI—ZE HIl— %) 12.3—15.6—13.3 o
T3 EHl 8L 20.0—5.3
T4 JEZI—HE I 10.6—7.3
T5 FEHI—BEH) 20.0—5.3

o T6 BEHI—ZE A — %] 12.3—15.6—13.3 s
T7 JEZI LAl 10.6—7.3
T8 JEZI LAl 10.6—7.3
T9 JfEZI LAl 10.6—7.3

03 TI10 JfEZ—BEHI 10.6—7.3 %
T11 BRI — 2 HIl— %) 12.3—15.6—13.3
TI2 JfEZI—BE I 10.6—7.3

3.2.1 CNP-MCTS#u#| f L8247 o Be s R
WA 25 A FI R B AN [R) S5 b s 56 an 1) 7 B
o HH, CNP-MCTSH#iE T 12 MEML I R 2%,
Hof% K 5¢ A 1] 4 300 s. B 7(a) HF FIFO. SJF Al
LIF (A 73 58 310 s+ 340 s f1360 s, A TR JT
R R T A A 2 L, 3X 2 R A CNP-
MCTS J8 i B FH UCT Pl bR R 4 B AR AT IR BN 35
A (0 A BR T [BFOAR BL AT FBLES 0045 B . AR SRR
CNP-MCTS 7 iEB#AR 1 BT TAREREA A= i fE
(TR SR 0], 2 5 o R B AR LU R, S8
LRERT A AT 42.6 s, T IX L8 FEAE T B 5 VA 1 F 1Y
LA R SR 50 s, VEANSE A 7(b) TR, H
T R TR ks, B AR AR R G
AT 55 56 F B[R] AR AH B9/, 5 OB R T R B A 52
o M, CNP-MCTS il s AL R 3005
TATE LA R R A R R, W 7(c) i

7N, AHETF FIFO. SIF A1 LIF 3 Filt 3 25 1 FE #0000
CNP-MCTS 772~V 4 5 2 FI| FH 28 75114 86.94% , 42
T i RGN AR .

4 FRHERE T QIR L S0 R WA 2, EX 3 FA
7] 37 5 L 7 CNP-MCTS 543 5 58 45 0 B2 0 00,
X3INRas BAARSEES A LT, HA]
FAMLES B A R o ) . S8 AR [R5 R
L, AT DA 2 AR ST SRATE AN [R] K/ PR AR ) i
A, SRR, A3 MR,
CNP-MCTS 5yA R T B B2 i EE AL, I
H 3NV ARSI T SRR

RS B I LT 4 Fhif B SR 1B K 58 1
BF ) XE PG G ] 8 s, BT DA HY L 7E FF 4G I Ja] 3
CNP-MCTS K& i 16 MEMES, EMtERe ST
FELR R HEF, 3 A2 p T 0K e o O R
M R T SR, B BT S5 HE i 3

400 30 100%
350 70 90%
80%
300 60
w g8 70%
= 250 = ¥
= = 50 E 60%
&= = W
= 200 £ 40 & 50%
b & =
sy > 40%
150 2 30 §
30%
100 20
20%
30 10 10%
0 i " 0 0
A EE ALY W EEAR Y R P
® FIFO © SJF M LJF M CNP-MCTS M FIFO " SJF M LJF M CNP-MCTS B FIFO © SIF ® LJF B CNP-MCTS
(a) F K58 L] (b) TA PR (o) PR F R

7 RARS BB T B R S0 Ll it



+ 102 - Wom M R Fot
=2 4 FRIREE T A XS EL SEIG HiHE
Yy nxmxo HEA BK5E LI fil/s P55 R /s g2k
FIFO 310 68.3 74.05%
SIF 340 70 75.19%
1 6x6x18
LJF 360 55 72.39%
CNP-MCTS 300 42.6 86.94%
FIFO 590 229.17 77.91%
SIF 690 202.5 79.84%
2 12x6x36
LIF 650 196.67 65.99%
CNP-MCTS 540 132.36 89.72%
FIFO 1090 459.58 81.58%
SIF 1 190 423.33 83.01%
3 24x6x72
LIF 1210 395.42 68.51%
CNP-MCTS 970 206.78 90.62%

hn, CNP-MCTS MR &R e It rEsg g, I HikRe

R, &R R 3T AMELE, BT ITE
R Tk, XRFINMAEES RGN, MCTS MH
2 B B, TR A IR R AR R
PAESEEE 2% 55 . [, CNP-MCTS & & T 3K i
BORFABE () S 2 25 1 )

800
700 =
» 600 e — o
= 500 p— =
Z 400
q
2300
1% 200
100

—=— CNP-MCTS

0 10 20 30 40 50
55 it

K8 ARSI 4 0 B S i ok 52 T TR E

3.2.2 CNP-MCTS # 8 54K % 4974

CNP-MCTS S 1E B 25 1 FE S2 o B 45 4
R, MRS Rk, MCTS BiEAFikkE
g SCEUF SRR KT . e — R EIEER A,
HOBLE PR 2R i I AT N — B J AT, {HEY
R ITVEAF P RIRIGE R, SBHEREARY,
BETT A I S AR AR, PR UCT B2 n 1 %5 — TR
TG, XAERICHE M T ARBEIR R A Gl
AN AD . CNP-MCTS ML F UCT B4R &R
HOTHUE & E 9 B, 1% 4E AT LA % CNP-
MCTSHLHITE “HRZK” 5 “FIH” ZIEM-Fdr, it
T R L, 9T LR Y, FESVEIH,
VAR RE AR T ER R ORI S A, R AL EE ¢ B
HiaT 1; EIEQREE LR NI 80% I, L H ¢

BUE TR e AT 0.2, M RmEusEE R -
BRNES, UCT SiEEARIBMA—ADTT0HEE, 0D
B i F P R IR U B A, AR S
XA S PR A R AU . YIRS
B ORI R A 0], B R R B AR B
b, CNP-MCTS #h 78 1 1% 4t CNP & A T #8 % fg
JIHIREAR -

1.0 py

—N=10 000
—- N=500
NN N=100

ot
)

74 (ST &
o o
EN (=)}

S
o

20% 40% 60% 80% 100%
N(v)

9 CNP-MCTS HL#I T UCT S5 & S e B #a 34

4 HERIE

KK Z BRI A RIS S0 RIS R
HUEALEE, R T HlIE R R g HHLUSE
MU 5 DGR 55 ARG VL. B2k, 25T MAS
FOARRT )3 PR EAT T B3, BN R &l
{BEIhAe ) HIASEAR, TEULIERE b XF 4% 50 CNP B 35
o3 BC SRS AT, 7R Bk W SR A MCTS
ERAR ATl DA IR R I A R 2tk . 48
&, FEMAMSHESE N, & Hili& 5§ ool i & e 44 )
ik NEy ISR ST TN P - =P
1R, CNP-MCTSHERESRM ettt B
RV B T 12 5l R0 5 AR B T 1 Sl LA 8 4 f 4 )
WAL R



EEy

EFE

BT S RIERHER I B LS 1 RS RO

* 103

EEPEE

(1]

(2]

(31

[4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

ACATECH. Cyber-Physical systems: driving force for innovations
in mobility, health, energy and production[M]. Berlin: Springer In-
ternational Publishing, 2012.

FAHE . BT E A B AL A A S 32 2 () R T RO BT
FL[D]. bifg: RS IE K, 2008.

WANG S J. Intelligent scheduling technology inflexible manufac-
turing shop floor based on mechanism of autonomy and coordina-
tion[D]. Shanghai: Shanghai Jiao Tong University, 2008.

WANG L C, LIN S K. A multi-agent based agile manufacturing
planning and control system[J]. Computers & Industrial Engineer-
ing, 2009, 57(2): 620-640.

PUJO P, OUNNAR F, POWER D, et al. Wireless Holon network
for job shop isoarchic control[J]. Computers in Industry, 2016, 83:
12-27.

REAIDY J, MASSOTTE P, DIEP D. Comparison of negotiation
protocols in dynamic agent-based manufacturing systems[J]. In-
ternational Journal of Production Economics, 2006, 99(1/2):
117-130.

BARENIJI R V, BARENIJI A V, HASHEMIPOUR M. A multi-
agent RFID-enabled distributed control system for a flexible
manufacturing shop[J]. The International Journal of Advanced
Manufacturing Technology, 2014, 71(9): 1773-1791.

T2V, S, BT, 55 SR A 3K 00 264k 13 Y 8 e s &
GERBTFE[I]. T EHUR R, 2004, 15(8): 688-693.

CHENG T, WU B, YANG S Z, et al. Study on intelligent CNC
system for distributed networked manufacturing[J]. China Me-
chanical Engineering, 2004, 15(8): 688-693.

RODRIGUES N, OLIVEIRA E, LEITAO P. Decentralized and on-
the-fly agent-based service reconfiguration in manufacturing sys-
tems[J]. Computers in Industry, 2018, 101: 81-90.

TEHRANI N N H, SUGIMURA N, IWAMURA K, et al. Multi
agent architecture for dynamic incremental process planning in the
flexible manufacturing system[J]. Journal of Intelligent Manufac-
turing, 2010, 21(4): 487-499.

WANG S'Y, WAN J F, ZHANG D Q, et al. Towards smart factory
for industry 4.0: a self-organized multi-agent system with big data
based feedback and coordination[J]. Computer Networks, 2016,
101: 158-168.

WANG J, ZHANG Y F, LIU Y, et al. Multiagent and bargaining-
game-based real-time scheduling for Internet of Things-enabled
flexible job shop[J]. IEEE Internet of Things Journal, 2019, 6(2):
2518-2531.

KIMY G, LEE S, SON J, et al. Multi-agent system and reinforce-
ment learning approach for distributed intelligence in a flexible
smart manufacturing system[J]. Journal of Manufacturing Sys-
tems, 2020, 57: 440-450.

MA SY, DING W, LIU Y, et al. Industry 4.0 and cleaner produc-

tion: a comprehensive review of sustainable and intelligent manu-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

facturing for energy-intensive manufacturing industries[J]. Journal
of Cleaner Production, 2024, 467: 142879.

GUO C, XIONG W, LIU C X. Prospects and current researches on
improvement of contract net protocol[J]. Journal of Equipment
Academy, 2016(27): 82-89.

ZHU Y F, LOU P H, QIAN X M, et.al. Research on job shop
scheduling method based on improved contract net protocol[J].
Machine Design and Manufacturing Engineering, 2018(47):
97-102.

YEUNG W L. Agent-based manufacturing control based on dis-
tributed bid selection and publish-subscribe messaging: a simula-
tion case study[J]. International Journal of Production Research,
2012, 50(22): 6339-6356.

PG, G, A, 55 R T 2R RAA M TR A R G
TIIRAA S RBEEOR D], TSR IS R4, 2024, 30(11):
3755-3770.

LI H, XING ZY, LI L L, et al. Cloud-edge-device system architec-
ture and key technologies of industrial digital twin system based
on multi-agent[J]. Computer Integrated Manufacturing Systems,
2024, 30(11): 3755-3770.

WANG C, LV Y, WANG Q, et al. Service-oriented real-time smart
job shop symmetric CPS based on edge computing[J]. Symmetry,
2021, 13(10): 1839.

GUI Y, ZHANG Z Q, TANG D B, et al. Collaborative dynamic
scheduling in a self-organizing manufacturing system using multi-
agent reinforcement learning[J]. Advanced Engineering Informat-
ics, 2024, 62: 102646.

WANG X H, ZHANG L, LIN T'Y, et al. Solving job scheduling
problems in a resource preemption environment with multi-agent
reinforcement learning[J]. Robotics and Computer-Integrated Manu-
facturing, 2022, 77: 102324.

ZHANG N M, SHEN Y L, DU Y, et al. Counterfactual-attention
multi-agent reinforcement learning for joint condition-based main-
tenance and production scheduling[J]. Journal of Manufacturing
Systems, 2023, 71: 70-81.

ZHOU T, TANG D B, ZHU H H, et al. Multi-agent reinforcement
learning for online scheduling in smart factories[J]. Robotics and
Computer-Integrated Manufacturing, 2021, 72: 102202.

WASEEM M, CHANG Q. From Nash Q-learning to Nash-MADDPG:
advancements in multiagent control for multiproduct flexible
manufacturing systems[J]. Journal of Manufacturing Systems,
2024, 74: 129-140.

YE X F, DENG Z Y, SHI Y J, et al. Toward energy-efficient rout-
ing of multiple AGVs with multi-agent reinforcement learning[J].
Sensors, 2023, 23(12): 5615.

WANG L P, TANG D B, SUN H W, et al. Enabling technology of
multiagent manufacturing system: a novel mode of self-organizing
IoT manufacturing[J]. Transactions of Nanjing University of Aero-
nautics and Astronautics, 2021, 38(5): 876-892.

PULIKOTTIL T, ESTRADA-JIMENEZ L A, UR R H, et al.



.« 104 - o W% R 59 %

BHR(1998-), T, R ARHUE AR KL
LA R RE S 30 WL VR RSN
RUUREN 2 B RE AR R IE RS

Agent-based manufacturing: review and expert evaluation[J]. The
International Journal of Advanced Manufacturing Technology,
2023, 127(5): 2151-2180.

[27] ZHOU C M, HUANG B D, FRANTI P. A review of motion plan-
ning algorithms for intelligent robots[J]. Journal of Intelligent
Manufacturing, 2022, 33(2): 387-424.

[28] LEFRANC G, LOPEZ-JUAREZ 1, GATICA G. Enhancing FMS
performance through multi-agent systems in the context of indus-
try 4.0[J]. Studies in Informatics and Control, 2024, 33(2): 5-14.

[29] HELLIWELL T, MORGAN B, VINCENT A, et al. Reconfigu-

XIKHF 1995, J, #t, BRI
RN e B A 7T 51, BRSOy
[ kIR P SRAL 2 ST BEROIR S 5
AHLIME

rable scheduling as a discrete-event process: Monte Carlo tree
search in industrial manufacturing[C]//Proceedings of the 2nd In-
ternational Conference on Innovative Intelligent Industrial Produc-
tion and Logistics. Setibal: SCITEPRESS , 2021: 151-162.

(fEZ ]

ESZFA990-O, F, A, BREHTEH
SN I B o e e | & i
] Sy [ 2H 1R BE il R gt K oG AT B
HAR,

BEE0972-), 5, HE, BERfiT
KRN B IR, EE R R NT
NN ESE ree e o




