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Figure 1 (Color online) Novel theoretic framework of the cognitive science-inspired industrial brain.
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'] S1€R", S cR™ M¢cRP YaE € R? 6[>j-$?0 4*63+5 AFKEA M5$ @*63+5 AAA 63+5 V)R 33+5
J(@102$. FFG)R3j%D s€Suym *& ,4Q% @10OA 5 0>7j

dX, = F(Xy, 81, ar, f,)dt + G(X,)dW,. (3)
X? (3) ],-$?0 FO 4*63+5 YFKEA M5$ @*63+5 , « <A11E=0;>jj a € A, )B3yO, yA- |
feF, FOxazCpUR Y#q4*6-  F>0'?2FEy]|
F(X,s,a,f) =a-®(Sy,S1)+B-U(M,S)+6-T(S,S5)
+e-A(M,S) +n-Q(S1, M) + 6 - TI(Sz, M) (4)
— diag(y,¢,0) - X + X -U(M, s,a, f),

'] ,® jO.r 65F.11C€ ¥ jAa6rJQ1"FICE T j@*6ri3+5%0d#k1C€ , A jaltr, FKEAAO
. @%DIC € Q |-$?0 FO 4*63+51C € , II JFKEAAO. @%D, D r—+1C€ , o, 3,0,¢e,1, 0,1 j)A4riCE

—+FO)-0 ,¢ 4r8 KAD. O3RS o . 3+5 i ZAa 6 A4yPY426 1. Ab |, X% CACt$A40 C.(X}) < Buax,
0CEWAO [ Xisn: — Xo| < Amax YaJgWAO ¢ H(K,) > Hyn ) ' & , ~M@*61,” (i3+5 —>|11+8 k
$aé0; yF |
U(X:) =E / e " [wy - accuracy(m(Xy, st), 8¢) + wo - efficiency(m(Xy, s¢))
0

+ w3 - novelty(m(Xy, s;)) + wy - adaptability (X, s;) (5)

— ws - cognitive,cost(ﬂ'(Xt, St))} dt|.

? (5).2 JAO.3+57-0X 10cEW, <& , 15 '8 AiF “F2 A)R3 F . FOx8 ka1t r, B3
x7 +0 @ Y4 € x HFE=+O0; j
a=[1-m(X,s)] Ri(s,H,Ky)+m(X,s)  Ra(s, A, K,), (6)
', m(X,s) jA4r—>>]j- x- , Ri(s,H,K};) j-$?0 FO 4*63+5,A0. «?/i4DKI - . Ry(s, A K,)
JFKEAM5$ @*63+5,  Caeehd- . FOxm(X,s) "r@ E+0;2;

m(X,s) =o(w; - [t — confidence(Ry (s, H, K3))]
+ wy - [novelty(s) — 7,] + w3 - [complexity(s) — 7] (7)
+ wy - conflict(Ry (s, H, Kp), M)).

FOl ,+a? (7)+0O@B3x7 >, - Ri(s,H,K;) > Ry(s,A, K,) 6@ J- THFE=0; .-(£EHF
-75 accuracy(), efficiency(), novelty(), adaptability() Y4 cognitive_cost(), +X % 6 [A0 -$2U T Y5 1," «
1“x1 OFKEA M5$% @*63+5,"AN1C '>F % L NE c+al” Da  “0. — Aad — @6 — alt — )R3
i = %0.7 [ E:0L)B—>| . X=r=zE)R3; ,9 4rh61C €% CA Lipschitz F5 Y% 9+ é
&, INO.(e1¢G €S, 7-0 2 1—¢ fc pG OHG)52 , !5 8Aa6A] ,"pf«xflL8l  F
Ole ARAOD. xflt++$a,/0cEW | p6<5C@ -$?03+5 E+ » Y4aFKEA M5$ @*63+5 F JIpE ,” a1t —>| =)

OLNE.
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N
Panoramic cognitive deduction
B5: key-wise B4: key-wise B1: base +/I\ B2: query-wise B3: query-wise
dyn. gating dyn. proj. proj. @ dyn. proj. dyn. gating
9 hd
& L Eaa N TTEw j—
= rr T RxH— wg RxH>Y
i
= ® | - I/WyHxH -
= ! ~ _— 1 Fiyy
= L Wiy HXR~_ Wor HXR =,
i 1
g wH | I I T =)
attn. vector A !
_ btw. Q; and K; {We]
“?‘” £l “:01 “iaz
DS I "7 n _________________ [ ;
J

System2 activation( ) Thought attention ()

Self-evolution learning and
optimization

R

Multi-motif
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topological

Ada motif

Cross-attention

Brain-Inspired hierarchical cognitive atlas )

) Dual-system synergistic activation

= DMy DD AT ot L o] |
g - T |l ABT . 0| | )
E @ @@P‘“”‘ = TS |

= ] 1 . .

< ! ' ; 1] OIM, M)

~ ' * A MOES oa o ()[“2|‘..A["‘T.J

MoE ensembile ()
ICCAN

ICCA2

Fusion layer

Industrial cognitive cellular automatas group

Multi-layer self-
attention
polarization
composition

matrix

Kolmogorov-arnold networks

Multi-head
multi-gated
attention
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T
Defining cognitive
cellular automaton

[y
Input embedding

42 (5i15(~Y4)AU.0 ;ee °YP]7GnUi# %31

Figure 2 (Color online) Core methodology of the cognitive science-inspired industrial brain.

4 YPJ7IGenui# Qa

*¥:FAO.0 —*6Aé& , \8 *01A0.0 —_ [ xIJWT7AhOG&# f3+ (.
5$s7 jé# ATAjI7- _ 6rM5%$.Baé# Au3+5 « <%d#k é# A~ Y 2A0. @%D é# (8
+>HFé# Xpé# rM )*6Aévee, Na E_A

)

41 YPS5*%y7 pi# (industrial cognitive cellular automata method)
,+alJAé" AAT7 ACtH Ax i U-(£E
3P @, §9MZ4IW AMZ £>' YVu=7EW1y(©z. P5 *Qé# (2B y55 '?F*Q
82&¢,>| j(WDFA@1ZW U(e1$aE+0; , »2EAK.]Y, P,%°_™*D "1yL NE
x JM5$s7 j  (industrial cognitive cellular automata, ICCA) E jx JW7A, -$?0A0.
Eyj>s406 (ID,S,E,N,R,A,6,L). !] ,ID>7js7 j _07Ad , % CaID € I,
L6 8, 1+$A5 1J5 0/nJ +X .1 AAT7 _05F'ly .S >7js7 j,” ZW(ae 1L6 8
S ={s1,52,...,5n}, *X%YF &Kk t,(@1ZW, »2 5 >jx7-Y+X)- s, >/)a
A™MdE ;E>)R3EALOS , Eyj] E={ei,es,....em}, +X¥%YF s7 | O. v # xf
2[€E'IAx JoltjO Y ;$hMO"r 7 1y M5$s7 j OAF& O «L68

s7j ID @,/L68 ,+X¥%YF >f}s7 |["XOAE£3+ p9oFeOs7 .FeOd
§9=<2«» 2 Nupply >1] EAVLO 8
<&Z7¥%JZFeOL6 8 .

#. Y /@ ECLSA Eys7 j7-0 FLAO, #, Y2«» 0 —>| @ E

SOAAQ order i
actioNgdjustPrice Y4 aCtioNgppiyroan 6 [>7/] ' IB3 @ ¥Cgln+cB'ly @ E

xJK.>EAK. _ "», =1 »5¢53+5

, _S7
»2  # Y message
.?20IL6 R=/{

N Evyj

) Nclient >~/j 0 gLO 8 ’ Ncompete >~/j1 ! ) {LO 8

2). B f3+5 xJM
AF F -

Y &1y J$A 2 "7+
) LT 6.2 yF ?2+3P
S, \-ATAN
*\...s "2 F
Ijp9_07A51V,

, >71)j J5% AGY
H#g(ee 1 >7j
, FG Gy ;
N cCl, £+a)
«+a. Ad .Ba5$ O

.0Zs7j

y S3

)

J{L$ G >FG)R

(Fl1é ID, Ofé 1D, xfi2«», Gy, OKO &L$ ), 6<

r1,72,...,7k} P0ETS
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7 X5 E(@1;))R3Y%UFe uEA«" yAEé? , My 201 r >7ljj 7 :IF (condition) THEN (action).
‘&NO+a fYeel S, ARSEA. E, Ot Y M, @, DENOI5 6puG(e1%aj S,1 UGA# Y02
L$A F1# Y X N W%D F(ee 1Ee0+-6 Ey|j Sii1 = 6(Sy, Ey, My, R), +X ¥ 1>620 IL6 R ,” —>|FKEA -(

A EA*- L EYj] Aena=L(St, By, M;,R), +X¥%+0 @) F F1,#, Y6<=$a G (@1
jTTjM5$s7 j, '8 kF F7-E N X"20#(@el  vo YaLAy(eelvy ‘& , "*158 6 EM
D@*6>F F—so - 7- , Eyz2;
p(vo,vy) = H Ber(v(h,r,tﬂf(xmIr,zt))a (8)
(h,r,t)eONU

'T ,Ber>j_UY63 , f(an,x,,z) +X %HANIC 9546 -0,"2)- |, f(-,-,-) > [IM ATf>£3+ |+ Ad6

- . XICC, 6@*6E+0;] ,-7_"r >P¥%63  p,(vo,vy), VB >PYFJIhLT -$021.2@, | I"G++X
go(vg) )IF>F 1 . jJF Ol w@YxI  \582% @YY Ab.|*Q») ao(vnrp) F>0 F
"2 ae(vm) >N

won)= [ @w@ern)= ] Ber@urslf@n, z,z0). (9)

(h,rt)eH (h,rt)eH

FOls® ,FIEt0?F 663 gy(vy) >OT>P% py(volvy) {L$,” KL “O, 9¢CO/y7-05 0>"+2
CXxJIf *Qé? |, p6<_1@1%DF>8 kOA |, !j>58 kalt %AO. @%D E*p

4.2 7Gp0O73e <xS5*4Bgi# (brain-inspired hierarchical cognitive atlas method)

J,)P5 x JK. .BaLi <&k+kxJK., rIQ W (20 A]20 AP?20 ) >NY (©°W (=<>|JF >|?6 »
2nit ), 4l )N W@ 1%DFA'l#q @ YaNpL™ P F>|'? F*Q,'L NE , \?820H2 Q W7Abr
7-10A Lo @vae SMoEBY, “*7Aji7- _ 6rM5$ .Baé# . B é# 6xJTfM5$s7 j (2
1JAEAVA 2AxAA A6 xsYsélly ) A+O x#k @M5$s7 j (2D AAAN AO x A™#q % O C) A
82M5$s7 | ULT+e?0 | M5$S7 | , 9'— x JAy#~?0 »F >| @ 1D +aG}57 Ao @ x f Rod#k > A-P |, p6<”
UxJW7A *M5$Aa6r . B .Ba=67-0 1, “B1¥%B19£ F7-01, “4% ZrQAZ¥% ZNY A
FIE+ .. IyjfA*% .. /yT 0x+O..lyjy » 1yL NE " *E=0; 2;

X x JK.5¢5," M5$ “ *E+0; ] , \:G++X SMoE , Cae€Q» (experts), b P20 ¢?0, =<6S8r
4x 6T€EA2jA° _Aolt AKaAlJAxa A™#qA Y ACtH Aé}vs=RN1ly x JM5$s7 j4064+ @
7-€5002L$ . BO2LS$ >7fjj  (x1,d1), (za,do) ..., (xp,dyn). V] W Z€0ALSW>Tjj  A(V,E), +a EK"82&¢é
L68 V = {v1,va,...,0is...} Y%...4B="L68 E = {e1,e2,...,¢;,...} @. 4€5002.$6[ 6(©E+N | FJ
E+=<2A0rQ, Y6A>L6@ , ' @)xJ+013+5,~ AD. (A | €02L$]Cae Q»LO 8, «Fe&
O.Le (z;,d;) Ey?;

1, ifwvé€e,
[hijlivixiE| = (10)

0, otherwise,
'] ,8%&&v, OEYy]| d(v) =3 cew(e)H(v,e), ..4B=" ec & S OEyj d(e) = ey H(v,e). 6<,3+5
MGO'1 >7jj X0 ={a9,29,...,2%}, | ) € RS Cy >7fj +\+Ba3+5$

M5$ €5002L$° ? F k+k x J+0 1 ¢20?6 . Ax JK.L650 ]20?6 . ¥4 1 JF :U P?0?6 . , §f6<@Q xJ

+0 12020 . -"Ady#H~ F | 4y#~ x J W2« j82&é , ktkx JL$, Aex*Ae<i+O>1 1/ £3+ , =
N%j xJ3p?0B>H+e0ltfE . xJK.L650 1?20?26 . (© E x J uG ,")R82 ALo50 > £KM x 1 j82&¢ ,
@ A:;$hEAA° ("> *6L56S £3+ ., _AxJIKN WBAAK>K.>L650)6a . 1JF:UP?2026.

1J# éA 2AxfAA°_CYUhoe j8&é , [BNsAOCA8E.D >é}#q@ly§f £3+ , C{7-
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216 VAEAV+$A>1INPL™NA- . FOZAGBI5 .2 TxIJWT7A 7-0 -a"p° H+eéA , o7-
O#N /0" HFF:U a1t . 9r?6 .FJEAO. D re<8 kAN1C|fl)as8 k@10 A .

M5$ €5002L$ ' ? F k+k x J+O 1 ¢20?6 . Ax JK.L650 ]?20?6 . ¥4 1 JF :U P?026 . 1], &0
20. -"AAyH~F | 4y#~]" x I W2« j82&¢ , UF xJL$, Aex*Ae<i+O>1 1/ £3+ =N %j

xJ3p>H+e0ltfE : 120726 . (©ExJ PG, £KMR82 Ax JLE50 Y4 h 6 x fi j82&é ,@ A:$hE

5A° ("% *6L66S £3+ , A xJIK.N W6 AAK.>K. vL650)64 ; b?0?26. 1J# éA 2AxAA
° CYuhoé j8&é , [BNsAOCA8E.D “e#q@1ly£3+ , 1216 VAEAV+$AY1)
NPL™NAF /Yy ZA6GT15 ~“x JWTA 7-0° ~p H+e , 87-0 _A462A OF :U a1t . 9r?6. {L$FIE+
AO. /D re<8 kANICjfHa@10A

XxJK.,?243Ps7 j “Dr” 55 FL6 @E=0;, p=<I7- 26@ 7+ ,FJExQ W7Abr SMoE ,' D
+a” (router) YL xjf  (gating mechanism) @ 1%d#k '@ “kf — °_ -~ Ct\ - 02L$ - &} ” 1y5%$0
1IK‘D05e1 , DafxJ?+3Ps7 j>i7- 1P 4 . B5¢102L$>UEyjJr8# ? E+F5F.1. Le
M(A,0,T): XxJIK.?2#3Ps7 |  “Dr” 55 FL6 @E=0;], \-p=<17- 26@ * , OU SMoE 1,
D+a” (router) ¥YaL xjf  (gating mechanism) F>| @ 1%d#k, “* “kf - °_ —Ct\ —0%L$- é} ” 1y5%
O,/1K'D05«1 , NaxJ?+3Ps7 j>17- {L$, B 1P 4 . B5e103L$ >7jjIr8# ?2E+F
5F.1.Le M(A,O,7T):

AT o2l ... pohM]

o Al ... ol2M]
M(A,0,T)=| o | (11)

oM M2 .. AMT

1], A= {AN AR AMIL ST g r5e5 JFE O. Leld 8 , Alel = (vlel Elely >7r]1x IM5$ s7 j50
40#K BLO 8, El*l > X a1, ..AR="L68 T.

O U SMoE ],'D+a”~>L x @ 1%d#Kk | f , 06M D rLo @ ¢?20Al20 % b20?6.], 1JAé}A
Ct\AEAV1yi7-kf , @xJW7A 6r6 M5$.Ba ; 0éM , iz+N2«»6W?0Q xJM5$
s7 jP4 =<I7- , DaJD#D © YPFB |, !6!@ 1A JrJ £6,55,-(Ar¥li7- ]
p6<’ @D rD , M5$s7 OAjf L x# 2658~ gF(z) '?FEyj

g"(x) = Softmax(W,xx), (12)

'], Wy € R4 jM5$s7 j AY46,Aa6.Le ,n jxIM5$s7 j Gy  ,d JEA«xJIM5$s7 j504002
L$5e I5$
XB jf] ,L x# ?26S8~ ¢F(x) FIEsANIC4M5$s7 j>+N- 7{L$, iG}sGy ,8 @j=<s7 |

6G}F21+N |, IF Olej=<# ? EdC{ .-(AsGy .F j*%5e55 "—'8 @Gy~ EfDNaD - . +a
"' @,'D rOA557-06V8kfA°_ ACt\A02L$vsé Y1y 17-5% O , p6<k+k° 0+.dE,Ct\#q@ A

8 JEAO+Gy *02L$ 3 p U 1JH+e+B3° >Ct\G}521y =r £3+ . 6 “*FJE+ J5$F??6 >?+3P=%8 | 0+
AdIP54iWxJK.6A93? '@~ VY?AANIC, 27-. Ab f3+ . X IWTA, O. rA@*6r¥, a1t r
E.A6_A .

4.3 315 ... B%06#q1# (dual-system synergistic activation method)

j5C@ P5 x JW7A]0. 3+5 E+ %+ O ,8$Ct$A#SCi AFKEA3+5 E+ ¥%F 5C ,8$KI aNpL™0C 1yAO. =
YOLNE , \- *{i3+5 « <0%d#k é# XY X IWTA ~M@*6r . Alu3+5(@ 1] S = (5,9 ¢
R™ x R™, %d#k@ ‘&) X eR™ Aad(@lj Me M, %d#kjO] A= (a1, as)€[0,1]2. XAO. Ct$A40 »
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K103 + K203 < Riotal 5 , 3¥B FIEX"T@ UG HFLNE.ZE 0 H%8#K1GC €  activate G}5%

max wilay - speed_benefit(X) - (1 — error_rate; (X))]

ap,az
+ walag - accuracy_benefit(X) - (1 — error_ratey(X))] (13)
+ ws[(1 — |a1 — ag|) - synergy_coefficient(X)].

iZOLFOHW ' & , 3+5 O/ xA52 7Pi @, “$?0A0. M5$3+5 %d#k HF ' & wy, +X % 07 Y
1710. AQ?A6 [A2hd#{ V£ &Yy Aly + K L &2
wy - speed_benefit(X) - (1 — error_rate; (X))
+ w3 - sign(az — ay) - synergy _coefficient(X) — \ - 2k1a1 = 0,

2 3 _
Riotal — K107 — Koas = 0.

<&, 3+5 Ai57 “FKEA @*63+5 %d#KkHF ‘& w,, +X ¥4 4*6 aNAE A=rD § 9E3Q &A1t'I'LNE |, '¥% @$!
O@*6>"pHF . !'&2;

ws - accuracy_benefit(X) - (1 — error_rates (X))
— w3 - sign(as — a;) - synergy _coefficient(X) — \ - 3k9a3 = 0,

2 3
Riotal — K107 — Koas = 0.

X=r40 ' &; , U3+5 «<%d#kjf -$?20* &y 43+5 0 WG 6 h?6 » N 4*6 , 6<FKEA @*63+5
1~16Gpjeel . f'&Yy43+5Fw’ # iG}Q?, aw»& (novelty) FJGy 80+ &, i3+5 %d#kK -
JO0 £ AFKEA @*63+5 *'rU . 0 FKEA @*63+5 >U%0#k i OIN >5 4*6 | —>|~ Y ?2A0. @%DI1C €A,
164*65 1*Fja, Q2 A0 | F. Ad , p6<j;0!Q FOYA Eiz . p “*M63” ° ¢ M63”, 0
Ee FF¥UjF—201  Aa; =ndei(t), |1 6 =r(t) +V(SEt+1)) —V(S(t), % = —= + 52, "1~ ]
V(S)=E [ v rt+k)|S(t)=S5]. 0 EeeF£>&é A* = (a},a;) A% Ca

A1(91(S, X, M) — af) — pazajas =0,
)‘2(¢Q(Sa X7 M) - a;) - leaga’{ = 0.

i3+5," Y#q+B3L3 ".Lej

—A1 — a —l12a
F(A): 1 — M1202 H12a1

—H2102 —A2 — H2101

X £>'8¢ A* 4, 3+5 M0% Calc Ew: &tI‘(F(A*» <0 1/4det(F(A*)) >0, £ Mo +)\1u21a*1‘ +)\2M12a§ > 0. 3+

5 04gEA*EY| Dpna = a1y1 +asya+(1—|a; —az|). FJE+ "FP ~L0 2B* [ - V(A) = [(a1—a})?+(az—a3)?,
A >3+5 §9f«<W | | W7-% C& lim;_, ., E[performance(t)] > performance* — O(1/v/t). FB$>B jf7-0 Q
82«FJE+46+6 =1+ NF@!*Ece F 146 y A, E+0; , b6<C{,xJW7A0E, 8 kF Fa1t7-E |, "'=

87-00. 7z ,F7-0*6@ xJ£3+A@%D ...C»i! _1f}alt
4.4 Z¥EAU. P%Ji# (panoramic cognitive deduction method)

J,)P5 xJW7A LT 6=r3+51°FjZf1°... B , oLT +ao f>|jy@*3+5.2 EWWCX, L
NE\.FJE:E« “&XD ”,/F@*@*6%J- THFjf | ~*xJW7A FKEA@*63+5 .B3+57-00 ...
JM5$s7 jQ (»2+aP?20k f OA@%D (205 1 ) Yuy»1@*6 (»2 1, “21 ...FOX..” F2«H+e
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LNE), p6<+O @ VAR ZK., 6 A0 z>1t+eéx , 1)xJIK.>EAK."pli, $!eDT (A7 IM
5$s7 jQ @%D3+5 '?F>7jjes4d

S:<W7K753A7F8y511XanySZ;-F57]:A>a (14)
1T ,W>Tj&LS t ;7 M5$s7 j,'F >|(ee 102L$ CHXYAA L. xI]p9(™*6Tf, “pleel , |*$A Y46
ré6 M5$.Baj,” s7 ji» K>>R3 &40 | Eyj K ={C,lo...,Cn), B[V 20 1 A™*640 o

Y4 I NFKEALy £ >7/j p(™*6)R 3 15 G+Lo, T& 7#q & = {x1,20,...,24}; A>3+5 —>|/B3x7 F
11+eL6 8; Fuyer >7-$20A0. M5$3+5 %3#K -, +X %208 x JK.F >|(& 1 ; Fiys0 >/JFKEA @*63+5 %3#k - |
+X % Q 82«)=r 1£3+,/$!r@*6 ; Fs >lj(ee 1IEO+ - Fs(Wri, a4, E41), +X Ya k+k(™*6 F+|(ee 1L¢ O
E —>| YB3 F6<$a,'E+0; ; Fp >Tj1T+:AO. @%DIC € Fu(F,,,, Fl, 0, KY).

Xy Z&L$le t, IM5$s7 jQ @%D3+5 —>|~ Y ?2A0. @%D, £K PO 2

(1) 78-#1i1t  (situational awareness) Fi .. B 1C €FJE+ J/y(™6,5¢AT1 7 Ya 2O G+L6 x JK. 4
)R82]J2« k f UK a?+3P, 1&(@ 1 2 L,I9CCOE&L$IAWF>|11 W, IE<0;2«1%é2«))R3 O
. > YiLo L +X YAO [EX2h . )% fHR3 Z#q E Ya:0&K,/55N W@l Wiy, Fya,

v

FO©+ >Q?iGJAN1C?;
(Wt“”d“tEd, anomaly _score) = Fy 1 (&, Wi_1), (15)

']l , anomaly_score € R* j2hA06AGY , +X % yF 45$0+/6“h Q?,0;0 .58%a>'55 (el
wprdated 9 592 hAOB6W~%L81 6, 13+555-# ; VI@ NpL™E}Qt , IF 0e=128J$A 7z | 1
5 $a5¢5828& 0 5 N W(ae 1

(2) OLYD f1lit (risk identification) X. B 1C€* %F >| LiAS [ x JK.],” EK"82&¢& (155
&® | d+|] , 'FJE+ 6 A d+|&é&®'4,C6 G d+| 7 , TY 7- +O$G#0-( , 2)-6 3 , p6<E}

NPL™ «$AF OE+0;2« | % &2« LNEAS[>AUY . fEA+ WPl 1, anomaly score &, X FIE+F,,, Y
F. 1ylIGE€«<ANIGC 'rC2h(eel (2 1J8%8éF ‘EAK.EE )

X = anomaly_score 16
argsubgrrﬁxcwt( n y-score), (16)

IFJE+ F. 0 1CE€PM5$AAGT, AAG> AOA3+S M (2*%. AOA K, .@*6AQ /-O ), F>|»&NpL™
PYiyOAd ANIC
impact_assessment = F, (X, W, K), (17)

B1C€7-OEA*5[ijyD “"AP Y2 %N ANe+aly Y, NpL™AS'5 I .F E5 16F 0@ &1t?6B
PO, _1)NPL™S$AG!iy93$%jOF >|EW>EGy6A

(3) é1E?UH1it (decision-making and planning) F. .. X9¢ CNpL™E}5 1> B 1C€*%A0. @
*66A°_ | pEKMNRSNPL™ d+|j , JLfI455&® P YE+0;] @1.5° , T&D DZNpL™ 3P, %D
FC»i!.DTNpL™ ...éA . fEA+0+ »& X AjyOI1C£€ impact_assessment Af}J- 7(ze 1 Wy G
Ct$A40 <K >, 81120 BICE€ F.yeo —>|y»1@*6%J- THF | p@ E0L$ A [+O @11+ IFOLS, |ANLIC
E+0;2;

policy set(m;); El/ e P Wy - accuracy (m(Xy, s1), s;) + Wa - efficiency (7( Xy, s,))
0
+ Ws - novelty (m(Xy, s¢)) + Wiy - adaptability (X, s¢) (18)

— Ws - cognitive_cost(m(Xy, 8¢)) + Wi a¢]dt],
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'l L moe AST[IF9Lt+e [ EDWVY, A, ] +X %ANLIGC —>|114s > OKZ (@1 , 6<cost_benefit, >/jB 1t+e
X4y#~ @\ A&LS @ \ VaNPL™L} ~0; O1y5$ O 1" x+XAO * AGY . 04¢3+5 EA * [F911+.L6 8 policy set,, !

'y Z1t+e WLt V-(A, @%D5 1% x+XA6"  , iF 0ls1<F9 0 HB3 x é X
(4) NLB9Y1lit (optimization and regulation) F;. B 1C €125, 8.D TLfl&+O @,” x JK.N WB3 x
éx,5 88 KAO. Q» %345 OW'a*6 | ) xJK.F 0=r553+5, R+ W >N WF >|B3 x . E+0; 76
j) 82« &1t > —>|E+0;, Q . fB Q1 Ofa11?06 BLIAEA *," IF911+sL0 8 policy set, >, _@J- 7
HF - Joptimize F9 OHLlt+e 7%
T =arg omin foptimize(T3)- (19)
L¢ >61f+e 7 F15 —>|~ ( 8 @F3+5 , v _MA@2«a1t65, @9E€Qt ), £Ea=n* iZ—
>|@EYaa, )B3EA 7#q ,3+5 $aflel
Wt+1 = (5(Wf,7 Qt, gt-i-l)' (20)
BlIePOEA* —>| @ Ea, (3,550 $@1l Wy, p6<Da)xI+01, @UD>N# . »2 , FIE+JIM5$
S7jQ 6A NOxJolt)=<?0QA=<2«»1J, 2Fjy CIN#{ e fxTU%E XY E+X . ale
1 W,y Ult+e—>|5 16 EJEA+yO.5 —+1C£€ A, >657"$4°&y4Q»0 F,, .1 AFKEA @*63+5
201 U.A6A K, p6<NanzAO.L)R, 15 HF>8F2A L¢-p&LSe@OF t=t+1,3+5F »;0EZ
UR.B é#, ' ?2Fvae*00 T xJKF>1i-# AO. Adalt >B3 x{L$, —P4£3+ . xJ3+5 ]
JLNEFTf7-0>0P4°A0.02L$], -(A€7 , pB<YA “2AA=?AC” ?6A-«
45 8 GF Lee—-DNLi# (self-evolution learning and optimization methodology)
B é#+X % Q W7A, «Z4y «W ” >+O(™%DF], “8'fF9 » jf |, “~*xJIW7A CuU)R8 AF
Fif , 17-OX@1)R3]15 $AA)FG » &, 1t+e , 1 Q EKM7-QE)R® FF2AT7-E . B
é# FJE+8'fF9 _ AN1C5$00ZJgD F2A 11+ A , D)1t+eF >|A0 " ALFO AGY46 >HF | p6<T]j
x JWT7A, '8 ka7-7-E . (A8 AF F—+>HFE=0; '?FEyjq0s46 :
RS:<5787Pa@7]:63fa»fcvfm»fﬂ,anfF>a (2]—)
'] LESTIFG @1xJ)R3 | _2j# @ Aolt FYUO+x @ly=2EW, *$A , X&L$t AA) &;S>
[&LS$ t ;8ZxJ+O13+5,F>|(el , ! $A%F+Q» W, D9 S,cW,;P>/j+a N ZQF—>|'B3
x1t+eL6 8, £ExIWTAA)NRS F,/ “«x A7 Ej Py={m,ma, ..., ante [IYZ1T+e  m
O Flt+e5e5 o 0461V 'F?01 (O ST jLT+e —>|W7-" @~ | +X ¥%AA ... 1T+ X " » & 452], 6
ZWAB, 1’?] O ={(mfit;, hist;)}, ] fit; >/[F2AOC6 , hist; >/jT"W7-EF) .A6 - F +X
X5 E)B3 & Vi3+5(@1S; ;A0 1t+e m; [F2A0
ﬁti = ]-"e(m,St,Et), (22)
F2AOFIh>7jj0ZJ- 7TAGY , 5[4y#~fUA =FOO Y @ELEIYN W77
F.>11Q18 AF F],/11+F9 >6G}- B - iZ1t+F2A0  fit j=<xJM5$s7 j6G}F2
I1t+e |, f)a8'fF9 jf . Evyj
Tselected = Fa (Pta @) (23)
FIh? (23) G++XKV7C9 AEZ-C|F9 1yjf ., AAQF2A O1t++893%Q ,>0G++X2). . F. >7jlt+e

Ou>Gy4d- ,+X% Q +O(™* Gy40E+0, 6 TZFJZ(f 1t+ =, HiG 6468 ,+O@a, '8 kF F
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1t+e mepita:
Tenitd = Fe(Tp1, Tp2, - - -)- (24)
Fm >lj1t+e 2 - L AXHQ +O(™* 0+ | 0E?)L¢| Dlt+e i, 0 F5°
Tmutant = ]:m(ﬂi)~ (25)
Fo >ljlt+e —>|> O# - , +X ¥ 6F9 Elt+emyciected X-OTxJDRZFQ -O F3+0 f]—>| ,

LIDN'ATFLe ] @ ¢ -(A, '8 F2 AB3 xE=0; |

(St+1a performance) - -/T"Q (Trselected7 Sta 515’ C) (26)
Fpr>lj—e>%a- , 1Z1T+s—>|5 1 performance $alt+e/y50 P Y4W7-"@~ ©. F 0E=0;)
AYZ4y oW | >7jj
(Pt+1,O4+1) = Fa(Pr, O, performance), (27)

B- 5 jF-—e$a/0l)avuys0 $alyE+0; ,
Fr >l x JWTAM5$3+5,” "p8 F2 A - . a9lt+e # 9XA)R3 F& ,B->0@ ,+X¥%

YJZM5$s7 j, @1le<555 " (2xJK.>EAK.,'N W5 "¥%s7F O é? ) F>|Gy46, |AN1CE=0;
i

Wt+1 == ]:F(Wt, 6) (28)
+a? (28) ?f, X/E“&L$le ¢ :, 3+5FIE+1t++/y50P, AF9 - Tsetected = Fa(P,©) 010 $AE0;

(Pis1,0411) = A(P, O, performance), ' @ 15 —«>HF,L)BYO, jf

5 ®AYPp¥E+PAA+

5.1 E+"PAA+!aLi

j3+5 PLAR \ - * *6A8vae > EKN° L\ R +e € VY xIK VGYWSB7°_KajY,
J$A2 & ¢ L6 . B 2L6m8T 1000 eh6EAv>D fFP1J |, @5[ 10 7Z558286Ys 30 7
‘x EKO£3+(©+, W?0 Q 7L68 . 7L6° @2;

e DS1. h61J z (AO..GYAA™d£A0OxANBAKax*AQ a°_1J=..AD &~ GyAD
Ci+X A+ AGyWO0 °NO- "864&A0;.D0!]6=... AL A *M, 00 —eelyQ1l &} 2Aé})«7-E
ly).

e DS2. EAv 7 (EAVCICXA8EE£3+A™6)57 ,-(£0.Dj 8Ely ).

e DS3. CRN>4y:U Z (CRNO>"A +XAd4x Ay:U(ae aly.

e DS4. (?20>)R3 7  (4y#~77AY'D zAolt#?0 AfFPIKa7-EDz 2023 1y).

e DS5. (™M#q 7z (FEA(e1A @ YAGIF1&xly ).

e DS6. —_A&. 7z  (Scopus, Web of Science, CNKI 1y).

e DS7. KAR3>E+0; 7 (°_8<,«AaHNIAKa @ iEce F /N s=.CtA PE ACtA2jCt\AO Oly ).

X ZN 4*6Lfla | \-G++X Z-score 70 F A TF-IDF AGY F % Word2Vec 1y é# , )55 O] 6 W ASL6
3+ 1y £EKNO +F >|5 04*6 |, !)5jalF >[>e"~ . X&L$ ¢ GB6EM |, G++X% BOC 1t++Ai57 24 Z 8
AY460C B Z8#BOC Y4 3 Z8% @K ,.7 =<#BL06{L$="XGy . <&, UIF¥U&LSLAETI |
AR+ 0AY460C w ¥%)A#HBLO , p6<F } 2'6Mb! Q TIP¥5 1, O
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Table 1 Comprehensive performance comparison of BIHCA and other methods in supply chain risk warning.

Method F1-Score Accuracy Recall Interpretability Warning time (days) Adaptability

Our BIHCA 0.93 £+ 0.02 0.94 £+ 0.01 0.92 £+ 0.02 48 + 0.2 10.5 + 1.2 Y
GoT 0.85 + 0.03 0.86 &+ 0.02 0.84 + 0.03 4.2 £0.3 5.1+ 0.8 N

CoT 0.82 4+ 0.04 0.83 £ 0.03 0.81 £ 0.04 3.8+ 04 3.2+ 0.6 N
Auto-CoT 0.79 £ 0.05 0.80 &+ 0.04 0.78 + 0.05 3.5 £0.3 2.8 £0.7 N
LSTM-ATT 0.85 + 0.03 0.87 £ 0.02 0.83 £+ 0.03 29+ 04 6.3 £ 0.9 N
ARIMA-GARCH 0.76 £+ 0.06 0.79 + 0.05 0.73 + 0.06 3.2£0.3 3.2+ 0.5 N
Random Forest 0.81 4+ 0.04 0.82 £+ 0.03 0.80 £ 0.04 3.6 +04 4.1+ 0.6 N

5.2 +kt ¥YPK4NE|OLYNAG

(1) /" 048 . jY9IXPYAAN-p Q» , \-F9 &L$=r0j O(N) ,” GoT 1%, CoT 23| Auto-
CoT 24, LSTM-ATT, ARIMA-GARCH ¥ Random Forest 1y k##qvee, ¥4A * &L$=r0j O(N?) 7A
ji7- _ 6rM5$ .Baé# (brain-inspired hierarchical cognitive atlas, BIHCA), p5, 8A6' (F1-Score) AN A-

0.ZW (accuracy) AQ » )- (recall) A @ GU W (interpretability) AN'A— }O  (warning time) ¥4 Q »F2 AW
(adaptability) 1y éM’A6 "' 7 7F >| )" 6 A

(2) C» @ |\A0G50. 4 é#,Cud WFJE+5+ILBRFCM&RHF.ZE . BIHCA Ai52js7 W? 256 A¢é z
" 3ABar  5A[5$0 128 Ai3+5L81 0.3/0.7A-s)- 0.001. GoT Ai52828¢é 50 M ?Er 35S 8
d 4; CoT A5z @*6le 5% O 512; Auto-CoT Ai578 F2 A @*6le  3~7; LSTM-ATT G++X 15 ~ ALA;y
5% 256; ARIMA-GARCH 0 6][]j (2,1,2) Ya(1,1); L¢ ] CAISZ A 500 AOWS! O 15. p91PYaw X5
0, ZN" 4*6#90;%  NVIDIA V100 GPU)R3;0... , !*%-(<, ZL6B6 (DS1~DS5) X 5 ZL¢ jly
€:Gy=F> ,51 wl + 76 Oz . 4W7- 2wWFJE+ t OPYPYAET 5ANN:T"dE  (p-value < 0.01).

(3) OPA5 O.>" 1>"> BIHCA, F1-Score ET° 0.93, E3 ARIMA-GARCHA ¢ ] C¥% LSTM-ATT 1y *
4ié# 6[ Q 22.4%, 14.8% ¥4 9.4%, D 2w895AN Nt W  (p-value < 0.01). > GoT, CoT ¥ Auto-CoT
1y M5$K. é# -(* |, BIHCA -(E3>)a0H,” GoT y w 9.4%,B$>!X=r@*6+N]8§90EHI . XN
A—& X éM’ | BIHCA /N'A- }OET" 105 Y, >nH¥% ARIMA-GARCHAL¢ | C¥% LSTM-ATT ly é# .
F>>B é# 9U%1J+a>U B AUE AK@Lbx . pj*6:-; , f3+5 O. NplyFG @& , xJM5$s
7 j7-01&...y55 « F ., 6rM5%$ .BaEu UAG [76 a828¢ , AO. @%D Q fF 0l«Q NpL™P.,D ~ ., p
6<’ @E3Yan, NA-ALTL)R . X @ GUW éM’, BIHCA 7-O E-()Yn, A ZK. %4 A1TE<0;B$> . Np
E,EAK.]Yj» ,3+5+0 @, P,D . % &L$4i7- OE3$5 ...[i pNpL™ O. “1t+e @%D, FKEAE=0; ;
-("{; ,L¢j Ck?+x E(©+Gy?+WA,; ,6<LSTM1lyQ»y XE3jU14aZW . I"F BIHCAF §9
0E, X4i—+7-E . L¢p»&Qg\,=Y03_ ,3+57-06a, NpL™ Q244 @%D v e, f)a*AD. &’
X@ R3], F2AHI

5.3 H ]>0=Y PK4 Qa&73 NAGf

(1) /" 046 . jT9XP%AA\-p Q» , \'F9 &L$=r0] O(M?), SOAR P26l ACT-R 7 v,
OlaGPT 28] 1y > W,'AO. @*6ANICveae, %A * &L$=r0j O(N®) ~VY 2?8 kAO. @%D A&lt v.B3
x Ve (autonomous cognitive deduction and decision, ACDD), p5,8A8"' (F1-Score) Adlt 6.2)- (accuracy) A
* W (robustness) A @ GU W (interpretability) ¥4 Q »F2 A W (adaptability) 1yA6 ' 7 7F >| )" 6 A

(2) C» @ |AG58. ACDD , i3+5 » <sGyAi5zj  0.3~0.7, AO. s7 O Az Ai57 | 2~4, @%D$! OAISZ
j 3~5le:SOAR, a1t~ OAi5z]  50~200 ms, EAa 0 eGyAiSZ| 5~9 40 f; ACT-R,” *.p%0o#k"d £Ai5Z
j 0~1.0, Q$6V 83+ Ai5Zj 0.2~0.8; OlaGPT ,'$Y O3+ Ai5zj 0.7~1.0, :; K OAI5Z]j 2k~8k. p90
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Table 2 Comprehensive performance comparison of ACDD and other methods in innovation capability assessment.

Method F1-Score Accuracy Robustness Interpretability Adaptability
Our ACDD 0.91 £ 0.02 0.93 £ 0.01 4.8 £ 0.2 4.9 £ 0.1 Y
SOAR 0.72 £+ 0.04 0.75 £+ 0.03 3.6 +04 4.1 +£ 0.3 N
ACT-R 0.68 £ 0.05 0.71 £ 0.04 3.2 +£0.5 3.8+ 04 N
Auto-CoT 0.79 £ 0.05 0.80 £+ 0.04 0.78 £+ 0.05 3.5+ 0.3 N
OlaGPT 0.81 £ 0.03 0.83 £ 0.02 3.9 +0.3 2.6 £ 0.5 Y
WFJE+5¢IL3R.ZE , AA)" cef£ . "GIPY%*%50 72L60... ,5 ho1J 2 (DS1) AE Av k

f z (DS2)ACRN>4y:U z (DS3)A-_Aé. 7z (DS6) YaKAa)R3>E=0; 2 (DS7), !X 5 ZLijiy€
Gy=F> ;51 wl +76 Oz .-(EW7- 2wFJE+ t OPY%PYAEI 5ANn:t"d£ (p-value < 0.01).

(3) OPA5 Q. > 2>">, ACDD X F1-Score Y481t 6.2)- EMWH %! é# .F 05 1>!43+5 &
‘7-0<&4*6 DS6 ], nW.A8Ys DS7 ],LAW.AG9E£ , !7-OFJE++<@*6’ @E3|]"M', TY .o»
2 XA6 ONOaw° & ,ACDD =67-O6AA&- >GylynW77 ,F7-058D LO8E55 “Ka
olt _1EO1yLAW VY5,8A06° ! ..%EE . XR+t W¥ @ GUW éM, ACDD <g>)aE3- . ! FOyAQ
17-OE=% G 6 728 ,6<~M@*6 Q1 17-OEA*E3Y4n, @*6D ~ . »2 | XAB[ “‘7TF€ ” NpL™ &3+5
7-05 *p*p.D0); aAQ1 6}6 O =Ca  £K*° _CY5ja, Af ZK. . > SOAR Y% ACT-R 1y-()M%o 1
Je&e’-(" ,ACDDF>M)a*0E/8F2A7-E . f 2$A1%Maa, ° _=%8Q?& , 18 AF FQ17-0B3
aUGAG Q» , 64, °_ £6,48+A0. f3+ , p6<$-F2A FO F, KaRs3

5.4 nuW e%#%=A OPADCW)d U< &£

(1) OPAAGLR# =% IPY4G++X x f GYAIAN Y 03+5G}52j*6  (W7-7Ej 0.874), IQ) 5 Zho
QIF>0+L"FI7-L}4x . PY%U*%xJIK. EAv ZLOYGYW>87fFP ZL60... ,?27- 1000 & 1Jkf
JgFjY :WYG}52wWAY46100 Z epoch, AR5 18§ 9E3- 0c EW . §6<@0 AO. @%D Q Hcognitive
deduction) G++X % "0+L"}-€ @*6 ul°FOY Q T/YAISZ ;8 AF F—+Q1%  (self-evolution learning) G++X *
E—+0 Y0+L"s—e« T/YAI5Z : 3+5 +<%0d#k Q 1 (dual-system synergistic) G++X * E%d&#k Q ? ¥40+L"Ct

$A40 « TIYAISZ; 6rM5%.BaQt (hierarchical cognitive atlas) G++X0+L" r'Q5 ~ ¥41° F £3+ @*6 T/yAi5Z
xIJM5$s7 jQt  (cognitive cellular automata) G++X0+L"02L$ P Y ¥41° F O A?6 | T/YAI5Z . p 9 IPYaw X
(<.e&E Vu(< 2B6‘'&;—>| . VY YN#{6.2)- Adlt x)- A3+5 R+ WWF2 AW 7 4NO77
F>DsAd' , AA51, " W> MeW

)

(2) OPA5 Q. >"3 %4> >, xJWT7A " 5 Zh6Qtw)3+5 W7-8§9>7CQ)* , DQt{L$"X0E
e<xA . XY%u3+5 *6W7-] 0874, '&; ,AO. @%D Q >0 Y "0+L" & W7-;L}0j>n (—11.6%), B$
>J0Y}eQ >y»1@*6)a f W7- § 9Gy?+ E+X . 8 AF F—+Q $0+L" > W7-;L} 11.0%, > >s
—«jfoU¥% w3+5, 15 HF7-E . U3+5 +<%d#k Q £,k fCQ)]  21.7%, B$ > @ 1Ct$A 6G} ) ¥
£>-$7203+5 > 6 A3+5 §9Gy?+?y . 6rM5$.BaQ¥xJIM5$s7 jQF6[CQ)” 16.3% Y410.8%, >"
>MQF.A6>j>pG OA*Q)=rxJLNE6AWSE9 AE+X PF L QE{L$"X>ne<iu .
JAO. @%D >8 AF F—+,4681,040Q , B$>T65{L$7-0' @E39x, -(AOF jf .0 *OWGA
F>"> }-&ls Y—e). jy3+5 W7-  £K" 3P . X2h*&; ,3+5y 1 826%,R+ W B$>B v
®X=rR3]§9E3- 0cEW
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Table 3 Results of ablation experiments on the core modules of the industrial brain.

Core component Ablation method Complete Post-ablation Degradation (%)
Completely remove 0.874 0.772 —11.6
Cognitive deduction
Situation simulation 0.874 0.817 —6.5
Set learning parameters 0.874 0.778 —11.0
Self-evolution learning
Eliminate meta-learning 0.874 0.814 —6.9
Fixed activation pattern 0.874 0.798 —8.7
Dual-system synergistic
Eliminate resource restrictions 0.874 0.804 —8.0
Eliminate the hierarchy 0.874 0.803 —8.1
Hierarchical cognitive atlas
Relational reasoning 0.874 0.831 —4.9
No-spatial propagation 0.874 0.802 —8.2
Cognitive cellular automata
Simplify interaction 0.874 0.831 —4.9

>74 YPJIGPnuWeW.CW)dU<ZE (%).

Table 4 Analysis of the contribution of core modules in the industrial brain (%).

Core component Prediction accuracy Decision-making efficiency Robustness Adaptability Overall evaluation
Cognitive deduction 25.3 22.1 28.7 30.2 26.6
Self-evolution learning 23.8 21.5 20.3 32.8 24.6
Dual-system synergistic 20.1 25.3 22.5 18.9 21.7
Hierarchical cognitive atlas 18.7 19.2 16.8 10.5 16.3
Cognitive cellular automata 12.1 11.9 11.7 7.6 10.8
6 APAGDGN

6.1 *<Ad D OD+,°CW)d

X*6Aé M’ , \-6A0.0 —],” U3+5 *6A& AM53K. Q » Y42«7AAD. & " E-AD.0 — [ x JW7A
AIAN *98 kF FaltB3 x*6Aévae , jxJW7A.DO! E T3, 6A26@ .Bvae9U%U>P5 xJW
7AE+ O ICt 26 A A@*67-E =C4&, L NE

X é# M | \-*3/Z4y1V '=% 8ANIC *T7A[17-_ 6rM5$.BaA”Y 78 kAO. @%D > &1t A
8 AF F—e>HFlyé# , Daf zPj@>. A6Pid, 9j5 8 , WIxJW7A’ @*67-E %8 kF F
7-E.F Eé# jAO.0 —_ [/ xJW7A, ' Da Ef£EK e A .

XA+X M | "»x»PYAATp vee, 9xW .51inj ,BveX ViG}x)- ANpL™MN'A-21 O %41
Ka7-EE,lyéM'w CYE3j>n, iF ,>">A0.0 - [ xJIWT7A890E, TLuA+X'l

6.2 315 ¢ Z D"Ai*<

miN:F.DO! CIMIeF ... |, *3%AD.0 - x JW7AYM' d9 ¢ AH > pLE
X1">R+ WEM' | G++X6,FO—«jf ,60'1JQ»0 FD6>]L$5 1 , L}~ Z"6MbNp
L™ <&, Y+X’'?FPYARé# )h o1V 20 IL6 Y4 A1TFKEAF >|0PYs .72 1% Ca EL1"ZW . )Z4y5e
540 &F E+)CAY46 , Q345 4C!?EA+ 'R+ W
X xW>¢N jféM [ \-Ee “&X D 7 jf ,?+"rFKEA @*63+5+0 @, Gy?+ a1t é x ON«4YE+ &
NO . <&, *001™E14 , )a%D F* 1t+eF > u 6#{B >Ad > %G 5¢ -ONR 3 . 3+5F AG} 711+

(X\A | iXd{ 2h&8 @ % ":02Z0cE(x\
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XILujyim éMm [ J)=<1J{L$ 276AI?v2AO=08%,LNE ,M0?+"*5 0, xJ 202
L$, >2h6 2 \fYs 276 . <&, YHXTf)UEYs Ab|*° 5C@B y2 LNE , IFJE=+ *00
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Abstract Industrial brain is an important new artificial intelligence infrastructure for safeguarding the security of national
industrial chains and supply chains. In the face of complex and dynamic industrial operating environments, current industrial
brain technologies still face bottlenecks in situational awareness, causal reasoning, contextual adaptation, and decision
optimization. Inspired by mechanisms from cognitive science, including dual-system theory, chain-of-thought models, and
brain-like cognitive architectures, this paper proposes a cognitive science-inspired theoretical framework for the Industrial
Brain. The framework integrates key technologies such as a hierarchical thinking graph inspired by brain-region functions,
panoramic autonomous cognitive simulation and decision-making, and self-evolving learning and optimization, thereby
constructing a hypercyclic autonomous and evolving intelligent decision-making hub that simulates the human process of
“perception-memory-reasoning-decision-making”. Experimental validation in typical scenarios, including supplier risk early
warning in the electronic information industry chain and innovation capability assessment in the major equipment industry
chain, shows that the proposed framework improves industrial chain risk warning accuracy, investment attraction matching
efficiency, and enterprise innovation capability guidance speed by 35%, 42%, and 63%, respectively. It can effectively address
the uncertainty challenges of complex industrial operating environments, enhance the resilience of industrial chains and
supply chains against risks, and provide a new theoretical basis and technical pathway for the evolution of the Industrial
Brain from perceptual intelligence to autonomous intelligence.

Keywords industrial brain, cognitive science, brain-inspired intelligence, autonomous decision-making, industrial
intelligence



