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Distributed prescribed-time optimization control for heterogeneous
linear systems with bounded input under unbalanced graphs
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Nanchang 330031, China)

Abstract: Distributed optimization control represents a classic problem in multi-agent systems. However, achieving
rapid convergence under unbalanced graphs remains a highly challenging issue. By constructing two time-varying gain
functions, this paper proposes a dual-stage distributed optimization control framework, namely distributed predefined-
time estimation and distributed predefined-time optimization control. Compared with existing studies on distributed
optimization control for heterogeneous linear multi-agent systems, the proposed algorithm simultaneously possesses the
following advantages: 1) it can converge to the exact optimal solution within a predefined-time, where the convergence
time is only related to a single time parameter, independent of the initial system state and control parameters,
facilitating easy adjustment of the convergence time; 2) bounded control inputs, the algorithm does not require
conventional fractional-power feedback, leading to a simpler and more concise structure; 3) applicability to more
general unbalanced communication networks. Finally, the effectiveness and superiority of the algorithm are rigorously
verified through Lyapunov-based analysis and numerical simulations.

Keywords: distributed optimization control; predefined-time convergence; unbalanced graph; time-varying gain
function; bounded input; heterogeneous linear multi-agent systems

5 & gz, B E I o 05 A 2 B e ik R g & /AL
ITAESR, T 2 B Rek RGN, B e B bR B8R M, 2 28 R R G U 2
Al L O L oA LR o I AR AU T R O L TR AR A R, 4R E AR R A
H, o0 A Q0 A 52 BIBORIRE 25 1. AL 2 T B RE R AL A X SR o H s bR R 1 1. BLAT

<

Wk BEA: 2025-08-21; 3 F HER: 2026-04-18.

EEWH: B X A RB%E 4T H (62563024, 62303206); VL 70 H 2R B} 5 2 4 W H (20242BAB25086,
20242BAB25090); R H AR ZEE 4T H (CSTB2024NSCQ-MSX0255).

B {Z{F % . E-mail: huangyushui@ncu.edu.cn.


https://doi.org/10.13195/j.kzyjc.2025.0858
mailto:huangyushui@ncu.edu.cn

2 # % 5

*OR

FXH

KEW TAERIX — [0 @REAT 705, W10
I B 4 B I T3 AR T i B R B A (1 4 A 5
HESE I AR A ST, ST B AR B A T 4
AR AR A F L AEFEEN R, BT T
VE [ SR WS ST (8] K 2 42 JE 55 1, B 24 6 ) s 1
J3 KIS, RGUIRES A WSCT S e A, 3 3 DA 2 55 B
BN A FR ORI S I M RE T oK. R, T IR
I 15 /[ S N ) o g U BE N R I T — &
153 A PR a] /[ 7 e TR s i 20 A AL A3 )
Sl R, T LA B BoR R R, R
SRS 1] B SR THE AR T R AV GRS T %
Ml 240, BAS ) AR RIA BN E 24, A5 Y.
B, 762 TN R G20 ST, 4% Gt i w2 i)
AT S v L e At ) b e e B Wi A 1, X
SRR N & AT AR, R, 75 B — B TRk
IS B R 2 F AR 1) 70 A1 2T I TR) O Ak 4 ) Rk
AR b I T T B TR B 1 4 A X
T B[] 010 A4 42 o) 5035 A 4k e % HH . 78 SCHR [17-20]
I T G AR OB S, TESCN R T £
Folr LA 190 502 ) T S S50 e 1100 0 A QPR A 4 1) BV
{HX e By A AT S T [ v i ) B A 4. T
F 3 A A S8 SR, SCRR [21-23] $2H TS e B T
AT S ) 43 A1 3 B R o G SV E A3 RN A, SOk
[21-23] H A B2 T B 1) 9 R ek &2 i Al e e
fife, T JCVEN ST ARG B L. R v TRaxX — JR PR, S
R [24-27] B H T 3 T i AR 38 25 R B0 o A e
B ) 10 A 42 1) 5925, ARIE 28 48 A% B 7 T s ) P A
ShA S MLAR. TR 1% 715, 2 I 8] T 905 B[R] B
BT I AR 1 26 R O T8 55 K, S U N T Re
TE S, DRI T S R B4 ) N S AT T,
T 11 AT 2T B T A1 A% ) A8 H (0 2 A5
FE LR TR, 2 R R A 23 4%
BA[FIRE) R 40 SR, 16 SEBR A R, 4776 K& 1) 71
Z ARG (N RE M IR ARSR
5. R, 7 B — P AL R i R G 1 4 A AR AL
Ja dhl ) A R T T AR R R AT R PR R B, SR
[28] $&H T — 2 T 2 1l A 3 A5 SR ek 1) 20 A AR
gz i Sk, e SR BERE I, SCHR [29] S8 T AT RA 2%
i, - TOE T R R R G A A
Sk 0, T oA A T SRS A R AR BT,
AN G0k Bk TAE 3 — 2D b0 e & P A7 s S
B0 JE T AR e AT N, STk [32] SR T A
AWM, F TR AT A B 45 1) 43 A 20
oAb F2 il SR, S T R e R TR 114 48 5% R B 1
R SCHR [33] $E TSR T B AR 8 ) o A 2R A 4R

i S, Tk 7 SCHR [32] RIS BT Ao e L. SR
MM, SCHR [28-33] A 7T T A4F H AE Sz B HE /45 ok
ST IR EESIOR B, BRI I R AR AR TV,
TESCHR [34] F1 [35] R 3 4R T R4 A4
HOR IR 4 A S A ) L (BB AR 2 1) X
Wk [34] A1 [35] 75 T 5 B 18] P9 3 Ae A0S & T AL e A
iR, T AN NS B B DA 2) AE A [34] A [35] T ifi
TR BE A W 2% 2 T ) 1, B IS VEE T —
JESF 4738 175 9 4%

BT FIRHE, fEAEPANE S WA R, 5t 5
M2 B Rk R G, T o AT FTRUE I [ A1 A4 42
Sk, LRV PRAE 4% N IO AR — A AR
PR ) 8, A S EEDTER A R 1) 8 A A Sk
BEHL, AR SCHE T — B B 3E H T RSP E S
R 28 114 A 2T I TA) A A 4 1) 22 4 - B AP 16 £
B BN A 4% H B B R T B 1 A et £
AR R B A A A B ) AR e sk
AT AR T IR A 4% 2) ST AR 25
SR, ASCHE T 43 A e I R AR A 2 i RV 1%
SRR R IR A AR 5 7 T I 1) A WAL S8 2 Fe A i,
H R G sl N2 S 1. R, 2SSt (i 5
— AN S HA 5%, B S BT R
e ST 1], 5 3 T I 3 A B fR VR AR R B2 i
VL RS PRAIE 2 58 7% B K0S 2 0 1 B A0 A, T 35 1 I
B R A B O v R RIS I LR R AN TR T
A7 T[] P TRV B B 1 A A A s ekt ™,
AR SCEHE RS 18] 55 R G S 500K, 1M
SCHR [17-207 F s Skt 1] b A 55 4% i) 2 50 1
A DRI, AR SR H I S VR AR WS T ¢ 2 7 T B R
T 3) AN AT B T B (DA S5 43 A A A 2 i)
B GER TR R R 2801, AT T
VEHE— D B LR R4, #1287 SR 6
FiEnEE R
1 F&MRSE AR

KBV N, R, R, R™" 551K B R
B, LHE. nERIKRT . m x nLHEFEES.
I, &7mn x n4E A R, 1, /0, 5B KRR CER A
N1 A N0RndE s A . SHERE A € R, AT A
HEEE; diag{A,,..., A, }RRFHEA,, ..., AN

P EERE; diag{ay, . . ., a, } &R hay, ... a,
RNTCER B FFERE; col(xy, ..., x,) Romblal, .. . 27
Kot R KA &, B col(xy, ..., x,) = [z],...

DT R iSRS e = (2, ..., 2,7, 2], "o H
KR LR A pTadl, (x, y) Tmx 5y AL



FxH IREF F AR T FA KM R LM AR T80T XL 0 A AL A2 3

11 Eskms
ML N AN R EREEG = (V,€),
THEY={1,.... N}, BEECVYV XV, HRHi
(i,7) € EFR M1 . AWBIEREE LA A = [ay]
€ RVN F(j,4) € €, Wa,; >0, HMa,; =0. BLE
TR TR Y ay =D a; (Vi € V); % AR
JE TP . 0 A AR 1 5045 5 1

A IERAR YV, WG 95230 1Y .z 4z 0 R B 2 SN
L=D—-A KT DRENEHE, €EXND=

diag(dy, dy, ... dy), di = a;;, HNJEF AT
AT 4. s
FIBE 15 R G S A HL R

FEFEON L € RNVN, U AF A — A I {9 22 R Ak 1) &

E=1[&,. ..., &7, 18 "L =05 >, H
N
S =1 b, T E R E = disg{é, ...,
=1
Ex}, FHIRSE AR

min z" La > N\ (L)a" z,

leN:O

min x” Lz > \gz" Ex,

zT¢=0

maxa” (L' L)z < Av(L"L)z"z,

EL + LTE e 2,
Ho L= =, \(L) R4 W L5 = /NEAE

2
8, An(LTL) & L™ L KFFIEE, Ao 2 Bl G IAREL
HEE L. 30, TR B IE X A AR RE, B BA
W LR - ARER, BRA 2T Br > Lo,
Hrp g = minf{,, ..., &}
1.2 HAMRAER

wRESED CR . HEE T, 2, € DXAT
B e [0,1], B 2 pr, + (1 — p)x, € D, MR
DRME. W f: D — RNEXEMNMED CR" B
SEAE AL TRy, 2, € DRATE p € [0,1], A
FASf(pey + (1= p)zs) < pf(20) + (1= p) f(z2)
BT, WRR o R . AR A > 0, A5
K f (s + (1= p)ws) < pf (1) + (1 = p) f(22)—
(0= )l — P, WO 0, 5
E—MNE 2 > 0, T30V, 2, € D, AR
£ (1) — flma)|| < 2l|wy — 2o, WIFR B KL £ 2L 55
G D b2 A 25 51, W R AR A 28 AL
1.3 ET By 2R 28 R B0 P i TR) el

O o2 4 E N B E o)
Pyt € [toyto + T0), 3 o p 2t 52

u

n(t) :(m)

B Hp > 1, toMT, 73 7 52 WA (8 A P 05 ¥ e
I IE]. 5 A AE — A B M U R RV (), T 2
THIAE: V(x) +dV(z) +16()V (z) <0, t € [t
to+T,), Hrd > 0,1> 0, 6(t) 2
@, t € [t to+ To)
5(t) = ’7p<’f)

T t € [to+T,,0)

W 22 45 AT LAAE T2 I 1R £, + T, Pl B0
{V(m) <) le TV (x), t € [to, to + 1)
V(z)=0.te [ty +1T,,00)
1.4 [EE#R
F G H NAS AR B AR H R 2 B ek R 4,
FN R RRAR BB ) AR R
{a‘:i = Ax; + Bu,, )
yi = Cizy,
Hrex, e RY, u, € Rriflly, € R 7l & & BRI
WEIRAS, Hlm A RS, HEEE A,
Rrxmi B, € R>*Pi fl1C; € R 43 5l /& R G IR
ARG, A N R RNy A P
B AN R — AN FAH 1R H bR R 2

fz(yz) :R? —» R, ESE] Hﬁ‘@i&f(y) = Zfz(yz)
KL B AT B B — oA S ] 58
s A8 B W E) T 0, D72 T I 4 P A o
R4 5 R A 1

N

{ min 1) = win YA
st. y1 = ... =Yn,

Hrby =col(y,...,yy) € RV H I, 75 E W T &

w:

Bk 1 WEAEAR R EARER LS (y,) =2 ]
TR, [5) IS BE 7 f () 6 AR 2, -2 M A 25 2% A, RIS
fTEa,be R, F: ||Vfi(a) — VD) < zlla—10].
47 =max{z,...,2x}.

B2 B HARREL S () 2 s e A, B
OB m >0, Bl X AEE a,beRY, L
(0 — 07 (Vf,(a) ~ VA1) > mila— bl 4 m =
min{m,,...,my}.

Bi%& 3 RS (1) BIZF A B2 W TR E 1.
FiAh, R AEREXT (A, B;) A& AT ¥R, FF H Ak
rank(C;B;) = q (Fihi=1,...,N).

Rk 4 B REA L TA] 8 TR 2% A vk aE HL AR
AT



4 ¥ # 5

xR Ext

3178 30 G AERE (A,, B,) W, 3 H.C,B,
B Bk rank(C;B;) =¢q, (i=1,...,N), W :
([C;B; C;A;])=q=rank(C;B;), rank([C;B; 1,])
=g =rank(C,B,).IKl It f# 7£ & 1t %6 BF P, €
Rrexm fI F, € Reixe, f§i152550C, B, P, = C; A, f1%%
XC,B,F, = I )%

R 1 5 2 SLREARE T4k A
(2) FRFIAFAEPERIME— M, 2 B APt U8 o P AR
B M 3 R RGP e bR A, S
R R ARAIE 5 B 3 P B R AR AT ik 00274,
BARAGAB A — 2 FE R LR T SV s b B,
HASHER RGBT AR KL R4S, W
LHNE CATH ARG

VERE 2 fESERRRIH T, AR K E R 2 Bhe ik
RGO AR A 2 ) e . g, G e R R A
P 0] RN 22 6 N2 ) s AR B [ 1) R a) TE A BE R 4t
AN L ) Bl ) R G T A RO T RE R
FE IR — &t R4, BT BS54
PR —F, Bl i AE R G — A SR S 2
REfA RS A, (B BE R G A B IEAT HARE R 2
BMEA R A ThIh Sk 5, B B i BE RS & 57
R FEE 1) R AT AR R AR S PR R R R R AL
il 1] /B (1)-(2); b) ££ 2 T N 1 A (] o) i,
To N ZEAE A ] 38 i 2 45t 2 P A 2 N7 DA AT A R
RS MR RG. T ARSI R
e U =SR], 2 TENERG R DRI
% B RE A R N T A TN K E I
P B F A R 2 R A B, W R R AL
RAS 14 = B A Il 8, W) 22 JE N 242 1) e e [ i)
1A AR R AR SC R IR A A A ) 1) R (1)-(2). 2T
I, B K EWF T TAE W [28-35] A 7L T A LA

rank

S 4 22 B RE AR AR 45 RO A 4 1) ) it
2 FELER
21 EBE

ARSCBETE U i AR 4 B o ) o0 A A TTUE
i 1) 0 A P2 i Bk

Vfi(y: -
(-4 f(bgy ) —ly Zaij(yi —y;) — lams),
Uy = Lily(d + 16,(t }:a vi(to) = 0y,
by = —(d+16,(¢ QZ@¢ ;)

HoPAF S 3R RBHERE, d>0, 1>
2
E}>QE¢@EK%ﬁQ®%$JDh
I FIL, 1Y 58 S 2 B 264

max{2,

21, 2NZz? m
l l — +Z 1l +
1>07 2>)\2(£)( m +zZ+ 3+2N)7

l — >
> e 2Ag§

Sy AT RAG VT 2% dy € RY, b, (o) IR HE AR I S ¢ (£0)
_1 gbj(tO)_OZ?é.]( EPJ_17277Z_171+
SN, LRIR A E GBI TEER. §,(t) 8 X

QH_F:
ﬁf? € [to, to + T,
o) =4 (5)
T t € [to+(T,,00)
T,
Hepn(t) = (W)p t € [to,to + (T0), ¢
1, 2.
VERE 3 EHEVE Q) W, mHE A d, | AR R

H6, () F1 0, (¢) FH SR 8 1 W St 8] e Siois B2, - f
TR I AR 38 25 R 0 D% I T S, AT PR IE 358
HIE N T B AL, 1, [, L R TARIIE
SIS . fERE R S B0 B AR T, SRR A P
WS B) 5 SRIE BB IE I B 5, 6, () F0,(t), SR G
RYESHOE B @) IBBFHIEMNL, 1, 1, FRYE
d, 58 UK (4) T 78 d M0 L R BUAE, Bt s R 1p >
;}%#ﬁﬁéﬁmﬁﬁﬁm.

2.2 Wk

EE 1 EREK 14T, WRRS () Lk
hﬂﬁ&@)%ﬁuTﬁAEE%w

1) ¢, 0 T & B 8 to+ T, 88 & &, BP
Hltloanu bi=6 Ht>to+T,, ¢ =&, A I ¢ 7
[to, +00) L&A FHi;

2) R Gik IR A v, 75 T8 B Al ¢ + 277, PYUs sl
R AN, O lérfmy =y Mt >ty + 2T, v =
yr, Hdryr 2l (2) B i,

3) #EHlE AN u, 1E [to, +00) b A2 FH.

EB:  GEEASR =0B, SR B A Sk ok
o AETE R A ISR E € 55 B IEM S v, (£) 7E
e [t + 2T, WU B AR AL, 56 = iE B R4
s il N\ w, IR b

BB NITEMT, 20 = (b1, .., On]T, b =

o =", I HE Lp=¢—1,®

max{2,



ZxH 3 &

B FAEFETR T A AR R A NH R0 0 A XTI B )AL 4 5

b= (M@, H o M=Iy—1", Wl &
LM =ML = LM MTEL = EL&L. B37 (3)
HI56 =ANAT, IS5 A 2 2045

ﬂ: —l4(d+l(5 ( ))(L®IN)p (6)
25 B8 I ik e 2 U D% R
1
Vi= ipT(E ® IN)p. (7)

XV R IR] ek T, HEARAE 5 1 A 45

Vi =~ (d+ 16, (0)u(p" (L"E + BL) © I)p) =
—(d+16,(t)Lp" (L Iy)p <
— (d+16,()liAeEp"p, ®)
AN, ME () FATHI, —(Aaw(E)/2)p"p < =V}

< —(Ain(B)/2)p"p, Bl —p"p < —(2/ X (E))VA,
RN (8) AI15:

: £

Vi < —1,(d+ 16, Aok Vi <

( (t )) —
—u+wﬁ»v 9)
MR 1, e A5 3 2 15
1

Auin(E)lpl* < Vi < it (#)e” VA (),

t € to,to+T.,)
HPH = Vvl = O7t € [tO +Tu,OO)

2

(10)

B Ik, pfE T3 B (8] ¢ + T, P9 U SK 2 Oy, 1 BT
HltiorETucﬁi =& M tete+ T, ¢=€ 4 t—
(to +T,) W}, 8,(t) — +oo, BIS, () &I, KL
TEAEW || || A Tk TR 0| A FIESEMN T4

W7 6,621 45 b, B R 6 ()n 2 (t) =

to + T,
Tﬁ(%)(lk?)ﬂ_ wm R lp—-2>0 N
5O 2(t) < -, LB A0 < e < 1, B
614 5

FIB: 20 = diag(dt,...,98), o = (o7, ...,
o), Vi) = (Vi) ..., Vi) z=
[21,..., 25", A=diag(A,,..., Ay), M &Ry, v
KFEREB, C, PHF ) E X5 A & o A RE AL
B (3) AN (1) I s p I A5
= (A— BP)x+ BF(d+15,(t))

(=L@ @ )Vf(y) — LIL® 1)y — ),
b= Lly(d+ 16,()(L © L)y,

¢ = —(d+16,(t))l.(L @ 1,)o,

y=Cz.

(11)
SF (1) W8 — N2 A WAL R A2 SRR O,

y=(d+16,)(-L(0"@I,)V[f(y)—
L(L® 1)y —lw),
7 = Ll(d+15,(6)) (L @ 1)y, (12)
¢ =—(d+16,(t)(L®I,)p.
M —2B M vl A, 2t > ¢ + T, W%, o, WSk B Hi
R R BE O RFAEAE M A RFAE R & €. BRIk, Y
t >ty + T, % (12) AT A:
g =(d+10,(t) (=l (E'®1,)Vf(y)—
IL(L® 1)y —lsv), (13)
v=11(d+10,(t))(L ® I,)y.
43T SV 1 B B T S AR U I, B 5 th R 4
(13) H-F1ir fife 55 1n) 8L (2) I LA 2 TR P R &R AR 1A
(v, v*) 4 (13) PP R, Hefys = col(yr, ..., y%)s
viy), WA
{ - ll(E71 @ Iq)vf(y*) - l2(L @ Iq)y*_

* *
v =col(vy,...,

l3v" = Opg,s (14)

l1l2(L ® Iq)y* = Onyg-
R (14 M -AEXT By = .. =yp EER
(13) e = A #EUJT_EW?JEIT%M(&T@@I) CIES

ZéV*Oq,EE?Z (to) = 0,. [ 1, Z&v
_0 f(l4)l§’]5ﬁ*/\fffﬁ mmnamu
("el,),f:

ZW (15)

ghfy BIR M, AT A (13) WP AT R (v, o) 2 1)
(2) A A
NI R UE B (12) B FROE B TR U S fE Tt €
[to,to + T,) P, FFAS RS, (1) SHEFE O H5 FL. 45
GBIV, TR RS Er, v, vIEIZIX
WA R it e[ty + T, +oo) N, HT o ff KN
&R, R 23 AT (12) 10 T e [Rg WAL S5 1 46 A0 T
M (13) 110 E B T e skt S T F 0T, 2 a =
y—y*,B=v—v", h=cola,pB), NH:
a = (d + 152(t))(_l1(E_1 ® Iq)C
{ —L(L®1,)a—1;8), (16)
B =1L1,(d+16,(t))(L® ),
He ¢ =Vf(y) — VI(y?). BT Fik 2%
PNEE S
V, = ;aT(E®Iq)a+;(a+lllﬁ)T(E®I )(a+ /3)
(17)
SRR A7) A dy (el + ||8)12) < Ve <
d2(||a||2 +H1BIP) B G2 < dsl|nll, 3w dy, do M
ds 2 AL, ([R]]? = [lefl® + {18112 X V2K T 1 1)



6 # # 5 x K FxH
tRG A B3R L, Ly L BA R L 5E S, AT R LA (L)—
. 2Nz?
Vi = (d +16,(1)) Vs, (18)  2h(=—+z+l+ 2N) >0, fTLAA:
o Vo = —(d+ 16t ))V3 <
Vo= —-2La"¢ —lLa" (L& I,)a— LE Nz
L — [+ 160 (Gl + (o — 3B <
A" (E® )8 —B7¢— 28T (E®I,)8. (19) 2 2l 20
h — da(d + 16:(1) Vi (), (26)
XTEREy € RN, yu] Ly = g+ y*, H o hm L€ Nz?
GEC, €0t BC = {Iy@oiocki}, cig o d=mintogr o Qllmdz} > 0. {14
CHIIESZ A llﬂ *E?Ef%wxz f: FIER 2, WA T 54518
T T o Va(z) < ma(t)” d4leidd4(tit0)v2($o)7
s 2l1 55 (Eel) N oo (20 t € [to+ Tty +2T,) (27)
DL - Vo(z) =0,t € [ty + 2T, 00)
(y—9)"(VI(y) - V@) > V() =0, @ =0, f =0 Ha=y—y M
—Zlly — 9> = —z|ly |7, f=v—v, Ha—0 Wyt —y; AIE,H
(5 —y)"(Vf(y) = V@)= ) B—0, W vt)—v. 5 4, Vt>t,+2T 4
— 2l 7 - vl BV =0ty = v () = v B e
(y—=9)" (Vi@ -VIQy)) = T IS ), + 2T, WSA B sy, kA 58 .
=27 = ylllly" Il B2 18 OG) BRI GT, R4 (1) &
RIERE 2, F: WS, 42 T SRR B H N w2 B AL AR R

(V@) =V ) (G—y) =
i (21) £ (22) =, A5
—a'(=—(—y)"(VIly) - Vi) =
~W-9+95-y)"(Vf(y) - VI(@)+
Vi) —-Viy)) <
m., _ 2 L~ * i1, L2
—NHy—y*II + 22|y g — vl + Zlly~ |1 <

m., _ * |2
g —yrl2 (22
Nlly yrlI”. (22)

(23)

BT

R e PR
WA (T @ I)v(t) = 0,, M TFIAZE
—2L,a"(E®1,)p =
—2(F+yt -y E@ )8 =
= 2s[ly" " (B ® 1,)B <
+ ;ZﬂT(E ® I,)p.

2l1l3]\yﬂ\2 (24)

4 (20)-(24) RN (19), T4
h s s
%<—§H—yu<g—
Nz
Slm g)B(EM) 2N a — (LA(L)—
2Nz
21, ( Z+Z+l3))”y 12 <
Lm 15§ Nz? )
— o lel® = G = g el -

2N z?
([,A2(L) — 21, ( -

e 2
+ 240+ o)l
3)

Q)M XA AL, TRt € [to, to + TW) W, I A% bR %1
8,(t), RG L Ex,, y;, v, B2 H S, R dilH A
wAEt € [to, to + T,) BIRRA T 1EL € [to + T,
to +21,) W, 1R4E (17) R (27), N AIATE UL

1
all* +118]1* < o o (1) e MMV, (1), (28)
MRAEAR L 2, P LA H:
Lz|of
< (d + l52 (t))()\miu(E)

A (Dl + L1 8]1) <
(d+16,(1)) (2Ll + L[| II) <
(d+16,(t)) BBl all” +222]18]"] <
(d+ 18, ()< (]|l + 18]7)}

1]

(29)

I,z
Forprly = max{ 5 _1(E) Auas (D)1}, € = min{v/2ls,
5,(t) = .
2V2L,}R0:(t) = o R4 (28),
1 g dyl ddy (t—tg 1
e(llol*+18]%)* < wam@”?ﬁ—%va%>
(30)
NEHA:
O (t)my(t) 4% =
p (to + 2T, — )05
to + 2T, —t 27 0-5dalp n
p o to+2T, — 1, 4,
2T ( - T )(d ' 2)/2' (31)

PEddp—2>0, WEEn{t)"F < 2;



xHp HEE F TR T FM AN R G AH R A XFUR M At ) 7
H0 < e 45 < 1, AT R Al 5 R
_ de elp 1 HRE6 Ut T HUERERS, 0, () F6,(t)FiE
<(—=+ Vet (m). (32 ‘ \
Il < (g +avar, ) O sk ssisn mm e A S0 U T 5

FrLh, STt € [t + Ty to + 27,,), ||cf| & 70, 5t
Tt >ty + 2T, 0, || 6| SR 5. 4B B E X,
A ||l 5, BT L|| B B R o, BIIE X S
(13) A1 (14), AT R0 g F1 oA 5t Bl afo A5 5. ik —25,
R (1), 3) A (1) /743, &6l N [|jul| B 5, &P
l|w. || 45 F 24t € [to + T, +00). Gt Lk i, Fth
N ||us ||[TEL € [to, +00) WA T, UEH 58 .

R4 55U 5T U R 65 [ s i e A
A3z i Sem AR LU, SR R I S DL 3
EORT]: 1) WSS 1) b 550 = (68 ) 1k ik, B 2 T
OURE YR IS5 1) I s B T A e 2 o) o e FL g S5 1) I

1 1

BRI AT, < o+ Giah 1)
KB Mo, B p. g, kSIS BRI %
B pk < 1,qk > 1. 4SOt 16 T 025
S 2 8 Y L D 2 4 S 80 )L 5
T, iS4, AT A B R B . 19
e, AL A )L A AR A0 34
2) WCBIUN )55 63 HE 7 T, 4636 F XU R AR 9
ST IO 5 S0 o e T 0 2 0 i 1)
LGB 2, B EOMCSON R T, 5
BRSSO LS5 K, 4% SCAE H 0 52 0 i
e FCA S 1) L B T, S B MO i
BT A SUE R B, M B B
(KSR 11 3) YSCSICHE A3 B 51 7 T, 763850
B S 9] O A1 ) R 18 201 o, 25
SR BB FHOR A B, T A S %
HERE K B HURBHCRIY . A8, X0 T4 MCREINY
ST AR E TR T M BRI, B SO
AN 57 4 T S e

VERE S ORI T LA T I AR B S
SR )B4 V0 O R 4R 25 1 1 T 1)
PSR AR A — PV 4T), ST IR 3
AR E 28 5 1 T ) USSR 0 .
R DNGENE S RS RO IO T
(1) 18 TS I 6]t + T, 4 880 25 B 074
O AL IR AL P 5 FHRLIERE EIBIbAS %
VL) (1) N5 30 2 e, AT 8 SR 550 1 1
SE Wt + 2T, RS RALAR, IS T4
L R S T LR AR T e, i T R
Vi S48 A AL R, DR R 5 R 0 40 2
WG O R LAY 200 2 R B, RESEIE) T-

K. L, G 7 R G0N S I ARG 6 A SR (I
il AN B SR I 7 A A€ I )2 1 v
HME RN TR I — S ) e, A SRR PRAE R Gt
RAAL B WCSOE F R T I AR 38 28 iR H0k T 6 55 K
AR AR X 2R R T K BRI 23 M, B3 R M AE I
AR 48 28 bR BRSNS R, RE P S TR R,
8145 5 I A 1 7 pR KA O ) TRUAE I [ 5# T F0E I (]
I A

VR 7T AVEARENTEH T 286
A 2 G811 43 A U THUE I T DA A2 ) SRk SR, 2 g
R D SR AR A A N5 4 2 SR et ol sz ™,
il AEWCSIOR 5 T, SRR PR AR R SR T
AR FEH, iy £ T A RA B S, AT
19 R G000 S o PR AR ELAE R, DT I S e Sl 2
A, FEE YR S AR RE 0T ], A RS 2 T
KRG ZHNEAE AT T B 2 ReE, Himn
HMER BRI, BT 5 AR AL R YR A AR
PRTTEENE. BRI, FERSRIT IE b, K ik — R A AT
AL R BT 4R T 23 A1 A0 A 328 ) R A Sl
3 PiEHR

AT I AN BUE AT B R BRI UE A ST
SR RAEFIL .

FH1: FEH 6 M RRAL N R, Hod
BRI M mE 1 iR, 2 RGIREHEREN: A, =
A, =11,0;1,1], A=A, =10,1;1,-1], A; = A
=[1,1,0;0,1,—-1;1,0,2], B, = B, = [-2,1]", Bs
=B, =[1,0", B;=B;=11,0,2]", C,=C, =
1,1],Cs =C, =[1,1], Cs = Cs = [0.5,—1,0].

B B B A B RE A 1 JR B E A eR B i o
fi(yr) = 0.8(ys —4)* + 1, fa(y2) = 0.5(y> + 2)2,
fa(ys) = 0.7y3 + 1, fu(ys) = 0.6y5 +3, fi(ys) =
(ys — 1)%, folys) = yo, 2R, Ei& 6 4~ H br ek %L
[ (y,) ERAEE LW, I H380 2 ik 1 Ak 2,
HBEREV fi(y,) M Vi (y) = 1.6(y, —4)

Y

Bl EErekEREHRINE



8 ¥ % 5 & K FxH

+1, Vfo(y) = yo + 2, Vis(ys) = 14ys, Vii(y,) ¥ Q) WA &M, W46 2 %1, =10, [, = 3.5,
= 1.2y4, Vs(ys) = 2ys — 2, Vis(ys) = 2ys. & & I;=8,1,=8 d=15,1=1, p=5, t,=0.01s,
GREV G E: 2(0)=[1,2]", 2,(0) =[2,1]", T, =2s. B, EHIS L&A (4). 07 E LR
23(0)=[-2,0]", 2,(0)=1[4,0]", z5(0)=[1, =3,0]", & 2 firz, K& 2(a) Jofliih Sk AT 72, K 2(b)
76(0) = [0, =4, 2" JiFE PAUF IR Pr= P g gk AR Al 28, 1 2(c) Dot 2% il 278 fd 7.
=[-2,-1. B =P =[L0], s = P = [L, =12, J\ [ 2(a) T 40, 4 A 24 o 5% o, 76 B 1 17 £+

F=F=-1LFE=F=1LF=F=2A8T% 7 _ 901 «klksa & Hth i o 8
SR RS B e, SRR e e e 1 2(0) 0 200y, T G

— A | N N —
o0 =2 Iy =yl i=1.2,....6. y AL i)t + 2T, = 4.0 s S TR B 5
() BEEEAERIR: N TRIEACRE  HhRMEy = 0.587.
107 = 4; = =
0.8 7 3 SER [ 6ok x10*
0.6 —y 2 \/\ = 0\
~ U. - ¢s o Ve ~ 4t
= g | = 1 \@ s T 40} 2t
< = < 3
0.4 . av I —
0.2 o 20 R /
0 o o — L
4 5 o 1 2 3 4 s o 1 2 3 4 5
t/'s t/'s

B2 261 SHRMAEHIEL G) THHESER: ) B8, (1); 0) MRSy, (1); (©) REe(t)

N T B S Hd, IR p 5HEZFIEGERT  a=3,0=0.5,8=0.28#3 =2. i K41 4
KR, BB OAZH: d=14, lp=2, T, =4 Fiw. 85, K SCHR [34] 00 T0E B[] fr) B 25 o AR 25
d=15,1lp=5,T,=4;, d=16, lp=4, T, =4,  HRMHTMRAEL LM RGN 7m0z
d=16, lp=3, T, =4, d=20, lp=3, T, =4;  #lin&, L0 RS RWE 4 Fios. APTLLEH, &
d=20,lp=3,T, =35 HRZHE LOHFE. i S REETER A, + T, = 4.01 s st T
HERWNE 3 Pros. MR RG: d+ IpHEBE A EUNIR . 855, XA SCHE H 7
K, WCSCEFBR; 2 d + [p N AR, dBOR, W [MSIEIHTIRE, REVIHIREx, € [—2,2], il
SRR RGNS H 5 28d, [, pU VIS 251, 1, 1, L5 Bk 6000k A [\, A 5 25
FAFTEIE, F P AT I A RE ST, SRR WS ). d=15,1=1,p=5,t,=0.01s, T, =4s. \E 4

0 —— WUE L, REIEL BNt + T, = 4.01 sPIUCsk
‘0 "Tﬁ?fﬁ?s T BARMR. AR 4 P13, EAR T DAIE I U8 4
| - sip=a, 4,758 ? Y > N
1600 —3.T —as SENR A 15 B0 S = W SO B, (E AT
— d=20,lp=3,T,=4 | . N s
< O d=201p=3.T =355 AR U SIORS B 77 T LA B U F R RS T e
¥ Lol 3 2B SR 4 A TR I AL ) B L
10 \L& 50 SR [30] B4 R a=3, £=0.5, 6=0.5
SCHR[30] I ESE R a=3, f=0.5, 9=2
40 | SCHR [34] HHFHE R A 2 R 4 A R
0 . . — ACEE(3) P E R
0 5 10 15 20
t/'s = 30|
B3 26]1 FES S FRa s 207
Q) SPHAFEL: T R R A SO v e i Sl 10&
FOSCSIORE FE I ME e, 5 STk [30] A1 [34] 42 RO o0 : : : . g
VEHEAT LA, SR SOk [30] (O BEREATIRAE, R4 /s

W BN IR A& 2 B T [—2, 256 B, B 3 85 B4 261 FEEE TR



FxH

REF F IF-FHE T A AR RN T a9 X B 8] 4R 35 4] 9

NA G H S () b 5 nT ], 8 7RSSOk B T 3R
L E AR A

B 2: FREH 6 MLE AT AR N 24510
A4, HAGHEM T @ET LM EHEN N, =
Az, (t) + Bu(t), y; = Cix(t), H R E z, =
[B:(t), p:(t), v:(t)]" H.B; () Fm MR A, p;(t)Faw
RNEEHE R, 4, (0) 3R 7~ N I B A TR 2 35 ] N
w; (1) 5€ LA u(t) = [0pr,0ar, Oru, Orrv, Oyrv] T H
Spr RN NEIFEEL, 04, NENRRME, 0py N
PEHESIR BB, Spry R A, Oyry KRN
i 6 1) o B s . I ek, 4 R
4 % M A, = [—0.059,0.496, —0.868; — 5.513,
—0.939, 0.665;0.068, 0.026, —0.104], B, = [0.006,
0.006, 0.004, 0, 0.09; 1.879, 1.328, 0.029, 0.675,
0.217; ~0.109, —0.109, —0.084, 0.007, —2.974], C, =
[1,—1,1). Hi2S RAT 8 Z A @[5 M 25 ] 1 s,
TE 2 M2 AT 2R PAT G BA - PRIERSEAT 55 1), J8 3 75 22
HE— 200 R R B VH A RS R E S R MU LR AT
R AR B3R, Z LR A YRS TR An ] @5 4 =) LA BRI
ﬁﬂ%d\%m], Rp miani(yi), sty =yt # 7,
Soofs () WML AT B B R B, L X
A fi(y) = 2.5y 4+ 8y, + 0.5, fo(yz) = 293 + 4y,+
1.5, fs(ys) = 0.8y2 + 5ys + 3, fu(ys) = 1.8y2 + 2y,
+1, fs(ys) =y +3.5ys + 2.5, fo(ys) = 1.5y2+
4.5y + 2. % W2 KAT B8 AT 46 IR & B8 2,(0)
=[1,2,0]", 25(0) = [2,1,0]7, 2,(0) = [-2,0,1]7,
24(0) = [2,0,—1]7, 2,(0) = [1,—2,2]7,  a(0) =
0,-2,2], % M PAI FHL{E N : P, =[2.786,
0.737,0.826; 0,0, 0;0,0,0;0,0,0], F, = [0,0,0,0,
—0.3225]", Hp#EHI 2585 26 1 —8. KgtHmt
y RIS FE AN ] 5 Fros. el LA, R Sufan

4
—W
_y?.
2 " Vs
—
_.y5
= Ve
— 0f
~
_—
L
-4
0 1 2 3 4 5

Es 262 HERMUEHEE ) AR TSR
RSy (1) B B R

TETE IS (] 4 s AU S i il iy = —1.4065, RIE:
R AR SCRT IR R AE 2 A AT AL A ) ]
R R
4 & ®

B — B e e 2 B AR AR R Gt ASCHEIE T
BP0 A X 2% T 1 40 A AR A A i 1) L 2 T4
21T W Fi N N N RS AT R Y I A )
WEEHR, ARSCHE T —Fh B A TisE i [a] Ui S e
(43 A0 AR AP ) Bk 2R E A S LU N
gy B, MGG IE I o0 A Ak TH S, DRIEAL TH R AE
TOUE B 18] T, A WAL S 2 5 e S R R O AREAEAE X SR Y
Fe R ) 5 ARG b Berh ELAGIAR 2 P RN B AR
4 55 oK 2, A0 R G H AR By, () 7E TRUE I [R] 27, Y
AT S50 2 s A e L A T A P 2 R A AR E
I3, AR SCHE I SRR S TA] | BN 5 2 3
T, A%, FFn] A P AR RS €, HEEREHmA L
B I B, BOUE A BN A B UE T AR ST R
SRR R e it v AEARSRIE I AR, i %5 8
BRSO B AR 2 R etk R,
S EHK (References)

[1] Dong X W, Zhou Y, Ren Z, et al. Time-varying
formation tracking for second-order multi-agent systems
subjected to switching topologies with application to
quadrotor formation flying[J]. IEEE Transactions on
Industrial Electronics, 2017, 64(6): 5014-5024.

[2] Cherukuri A, Cortés J. Initialization-free distributed
coordination for economic dispatch under varying loads
and generator commitment[J]. Automatica, 2016, 74:
183-193.

[31 Boyd S, Parikh N, Chu E, et al. Distributed optimization
and statistical learning via the alternating direction
method of multipliers[J]. Foundations and Trends in
Machine Learning, 2011, 3(1): 1-122.

[4] Shorinwa O, Halsted T, Yu J, et al. Distributed
optimization methods for multi-robot systems: Part 1 —
A tutorial[J]. IEEE Robotics & Automation Magazine,
2024, 31(3): 121-138.

[5] Doostmohammadian M, Aghasi A, Pirani M, et al.
Survey of distributed algorithms for resource allocation
over multi-agent systems[J]. Annual Reviews in Control,
2025, 59: 100983.

[6] XUMEK, ZRIEME, Zoh-F. /A BRI IR 5
KRBT, #5815 ¥, 2023, 38(8): 2301-2312.

(Liu T F, Qin Z Y, Jiang Z P. Distributed feedback
optimization: Status and prospects[J]. Control and
Decision, 2023, 38(8): 2301-2312.)

[71 Nedic A, Ozdaglar A. Distributed subgradient methods
for multi-agent optimization[J]. IEEE Transactions on
Automatic Control, 2009, 54(1): 48-61.

[8] Lu J, Tang C Y. Zero-gradient-sum algorithms for


https://doi.org/10.1109/TIE.2016.2593656
https://doi.org/10.1109/TIE.2016.2593656
https://doi.org/10.1016/j.automatica.2016.07.003
https://doi.org/10.1561/2200000016
https://doi.org/10.1561/2200000016
https://doi.org/10.1109/MRA.2024.3358718
https://doi.org/10.1016/j.arcontrol.2024.100983
https://doi.org/10.13195/j.kzyjc.2023.0643
https://doi.org/10.13195/j.kzyjc.2023.0643
https://doi.org/10.13195/j.kzyjc.2023.0643
https://doi.org/10.1109/TAC.2008.2009515
https://doi.org/10.1109/TAC.2008.2009515

10

# # 5

*

R FXH

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

(18]

[19]

[20]

distributed convex optimization: The continuous-time
case[J]. IEEE Transactions on Automatic Control, 2012,
57(9): 2348-2354.

Kia S S, Cortés J, Martinez S. Distributed convex
optimization = via  continuous-time  coordination
algorithms  with  discrete-time
Automatica, 2015, 55: 254-264.

Yang S F, Liu Q S, Wang J. A multi-agent system with a

communication[J].

proportional-integral protocol for distributed constrained
optimization[J]. IEEE Transactions
Control, 2017, 62(7): 3461-3467.
B, IVEE H, 1%, 5. IR se ki o A 2N 3E 6
TR HE SR (D). PR S DB, 2023, 38(5): 1336-
1344.

(Shi X S, Sun J Y, Xu L, et al. Distributed nonsmooth
resource allocation algorithms over second-order multi-
agent systems[J]. Control and Decision, 2023, 38(5):
1336-1344.)

Zuo Z Y, Tie L. A new class of finite-time nonlinear

on Automatic

consensus protocols for multi-agent systems[J].
International Journal of Control, 2014, 87(2): 363-370.
Polyakov A. Nonlinear feedback design for fixed-time
stabilization of linear control systems[J]. IEEE
Transactions on Automatic Control, 2012, 57(8): 2106-
2110.

Wang X Y, Wang G D, Li S H. Distributed finite-time
optimization for integrator chain multiagent systems
with disturbances[J]. IEEE Transactions on Automatic
Control, 2020, 65(12): 5296-5311.

MAERH, T E50K, #iE, 55 S F il 1 S0E I T 2
B RE A R G I [ 7 I (8] 20 A SRATAL D). F i 5 R,
2023, 38(5): 1412-1419.

(Yang F Y, YuZ Y, Jiang H J, et al. Distributed fixed-
time optimization for multi-agent systems via event-
triggered intermittent communication[J]. Control and
Decision, 2023, 38(5): 1412-1419.)

PRRI, 22555 R B L 0T 2 8 e ik R 4870 A 2 E e
T A [I]. B bk 4R, 2022, 48(9): 2254-2264.
(Chen G, Li Z Y. Distributed fixed-time optimization
control for multi-agent systems with set constraints[J].
Acta Automatica Sinica, 2022, 48(9): 2254-2264.)

Cui Q, Song Y D, Wen C Y. Prescribed time consensus
control of multiagent systems with minimized time-
varying cost function[J]. IEEE Transactions on
Automatic Control, 2024, 69(5): 3381-3388.

De Villeros P, Sanchez-Torres J D, Defoort M, et al.
Predefined-time formation control for multiagent
systems-based on distributed optimization[J]. IEEE
Transactions on Cybernetics, 2023, 53(12): 7980-7988.
Yue Y Y, Liu Q S. Distributed predefined-time
convergent algorithm for solving time-varying resource
allocation problem over directed networks[J]. IEEE
Transactions on Cybernetics, 2025, 55(5): 2463-2473.
Wu H T, Liu Y, Abdel-Aty M, et al. Predefined-time
distributed optimization for resource allocation problems
with time-varying objective function and constraints[J].

[21]

[22]

(23]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

IEEE/CAA Journal of Automatica Sinica, 2025, 12(11):
2353-2355.

Guo Z J, Chen G. Predefined-time distributed optimal
allocation of resources: A time-base generator
scheme[J]. IEEE Transactions on Systems, Man, and
Cybernetics: Systems, 2022, 52(1): 438-447.

Luan M, Wen G H, Ge X H, et al. Fully distributed
resource allocation over unbalanced digraphs in
prescribed time: A relaxed time-base
approach[J]. Automatica, 2025, 177: 112313.
Huang J Y, Yang C H, Yue Y Y, et al. A predefined-

time distributed optimization algorithm for solving time-

generator

varying multirobot optimal
Automatica, 2026, 184: 112739.
Gong X, Cui Y K, Shen J, et al. Distributed optimization
IEEE
Transactions on Network Science and Engineering,
2022, 9(2): 564-576.

ZhouJ L, LvY Z, Wen C Y, et al. Solving specified-
time distributed optimization problem via sampled-data-
based algorithm[J]. IEEE Transactions on Network
Science and Engineering, 2022, 9(4): 2747-2758.
WEE, G4, PRI, & shSFAmAEE T
A FITUE I 18] JE 6 2 AL Sk [0, F ) 55 D3R,
2025, 40(6): 2031-2040.

(Guo Z J, Zeng L W, Hong B Y, et al. Distributed non-
smooth constrained optimization: A predefined-time and

formation problem[J].

in prescribed-time: Theory and experiment[J].

dynamic event-triggered approach[J]. Control and
Decision, 2025, 40(6): 2031-2040.)

Zvo G W, Zhu L J, Wang Y J, et al. Achieving
distributed convex optimization within prescribed time
for high-order nonlinear multiagent systems[J]. IEEE
Transactions on Cybernetics, 2025, 55(10): 4784-4797.
Li Z H, Wu Z Z, Li Z K, et al. Distributed optimal
coordination for heterogeneous linear multiagent
systems with event-triggered mechanisms[J]. IEEE
Transactions on Automatic Control, 2020, 65(4): 1763-
1770.

An L W, Yang G H. Distributed optimal coordination
for heterogeneous linear multiagent systems[J]. IEEE
Transactions on Automatic Control, 2022, 67(12): 6850-
6857.

LiL, Yu Y, Li X X, et al. Exponential convergence of
distributed optimization for heterogeneous linear multi-
agent systems over unbalanced digraphs[J]. Automatica,
2022, 141: 110259.

Xian C X, Liu Y F, Zhao Y, et al. Distributed
constrained  optimal  coordination of  multiple
heterogeneous systems over a directed communication
network[J]. IEEE Transactions on Automatic Control,
2025, 70(10): 6577-6592.

Deng Z H, Luo J. Fully distributed algorithms for
constrained nonsmooth optimization problems of general
linear multiagent systems and their application[J]. IEEE
Transactions on Automatic Control, 2024, 69(2): 1377-

1384.


https://doi.org/10.1109/TAC.2012.2184199
https://doi.org/10.1016/j.automatica.2015.03.001
https://doi.org/10.1109/TAC.2016.2610945
https://doi.org/10.1109/TAC.2016.2610945
https://doi.org/10.13195/j.kzyjc.2022.1262
https://doi.org/10.13195/j.kzyjc.2022.1262
https://doi.org/10.1080/00207179.2013.834484
https://doi.org/10.1109/TAC.2011.2179869
https://doi.org/10.1109/TAC.2011.2179869
https://doi.org/10.1109/TAC.2020.2979274
https://doi.org/10.1109/TAC.2020.2979274
https://doi.org/10.13195/j.kzyjc.2022.0369
https://doi.org/10.13195/j.kzyjc.2022.0369
https://doi.org/10.13195/j.kzyjc.2022.0369
https://doi.org/10.1109/TAC.2023.3338748
https://doi.org/10.1109/TAC.2023.3338748
https://doi.org/10.1109/TCYB.2023.3264541
https://doi.org/10.1109/TCYB.2023.3264541
https://doi.org/10.1109/TCYB.2025.3545897
https://doi.org/10.1109/TCYB.2025.3545897
https://doi.org/10.1109/JAS.2024.124992
https://doi.org/10.1109/TSMC.2020.2997697
https://doi.org/10.1109/TSMC.2020.2997697
https://doi.org/10.1016/j.automatica.2025.112313
https://doi.org/10.1016/j.automatica.2025.112739
https://doi.org/10.1109/TNSE.2021.3126154
https://doi.org/10.1109/TNSE.2021.3126154
https://doi.org/10.1109/TNSE.2022.3169151
https://doi.org/10.1109/TNSE.2022.3169151
https://doi.org/10.13195/j.kzyjc.2024.0973
https://doi.org/10.13195/j.kzyjc.2024.0973
https://doi.org/10.13195/j.kzyjc.2024.0973
https://doi.org/10.1109/TCYB.2025.3598364
https://doi.org/10.1109/TCYB.2025.3598364
https://doi.org/10.1109/TAC.2019.2937500
https://doi.org/10.1109/TAC.2019.2937500
https://doi.org/10.1109/TAC.2021.3133269
https://doi.org/10.1109/TAC.2021.3133269
https://doi.org/10.1016/j.automatica.2022.110259
https://doi.org/10.1109/TAC.2025.3560512
https://doi.org/10.1109/TAC.2023.3301957
https://doi.org/10.1109/TAC.2023.3301957

FxH IREF F: AP E T F AN R RN T X2 i i F 11
[33] Jiang S Y, Ding Z T. Distributed optimal resource [41] Montanari A N, Barioni A E D, Duan C, et al. Optimal

[35]

[36]

[37]

[38]

[39]

[40]

allocation control for heterogeneous linear multiagent
systems[J]. IEEE Transactions on Automatic Control,
2025, 70(5): 3378-3385.

Li S L, Nian X H, Deng Z H, et al. Predefined-time
distributed optimization of general linear multi-agent
systems[J]. Information Sciences, 2022, 584: 111-125.
Jin W L, Zhang H G, Yang Y P, et al. Distributed
practical predefined-time output optimal allocation of
resources for heterogeneous multi-agent systems[J].
IEEE Transactions on Automation Science and
Engineering, 2025, 22: 19646-19654.

Ren W, Beard R W. Distributed consensus in multi-
vehicle cooperative control[M]. London: Springer, 2008.
Song Y D, Wang Y J, Holloway J, et al. Time-varying
feedback for regulation of normal-form nonlinear
systems in prescribed finite time[J]. Automatica, 2017,
83:243-251.

Ding T F, Ge M F, Xiong C H, et al. Prescribed-time
formation tracking of second-order multi-agent networks
with directed graphs[J]. Automatica, 2023, 152: 110997.
Su Y F, Huang J. Cooperative output regulation of linear
multi-agent systems[J]. IEEE Transactions on Automatic
Control, 2012, 57(4): 1062-1066.

Isidori A. The zero dynamics of a nonlinear system:
From the origin to the latest progresses of a long
successful story[C]. Proceedings of the 30th Chinese
Control Conference. Yantai, 2011: 18-25.

flock formation induced by agent heterogeneity[J].
Nature Communications, 2025, 16: 9626.

[42] LiS L, Nian X H, Deng Z H. Distributed optimization of
general linear multi-agent systems with external
disturbance[J]. Journal of the Franklin Institute, 2021,
358(11): 5951-5970.

[43] Siwakosit W, Hess R A. Multi-input/multi-output
reconfigurable flight control design[J]. Journal of
Guidance, Control, and Dynamics, 2001, 24(6): 1079-
1088.

[44] Chen W, Chowdhury F N. Analysis and detection of
incipient faults in post-fault systems subject to adaptive
fault-tolerant control[J]. International Journal of
Adaptive Control and Signal Processing, 2008, 22(9):
815-832.

fEE BN

AR, 5, B, ML, iAW, FERIT A
REeBabrmAMHES %3], Z2H8 AR5, E-mail:
guozhijun@ncu.edu.cn;

FRE&E, &, A, FTHIE 71 80 An AR A 22
4451, E-mail: jinleicheng@email.ncuedu.cn;

BAE, L, B, WL, WA SN, BT RN
HRedE 5 N L 88, E-mail: gianli@ncu.edu.cn;

WK, 5, iR, WA, i W, B A
et H 5 N T2 8, E-mail: huangyushui@ncu.edu.cn.


https://doi.org/10.1109/TAC.2024.3515732
https://doi.org/10.1016/j.ins.2021.10.060
https://doi.org/10.1109/TASE.2025.3593336
https://doi.org/10.1109/TASE.2025.3593336
https://doi.org/10.1016/j.automatica.2017.06.008
https://doi.org/10.1016/j.automatica.2023.110997
https://doi.org/10.1109/TAC.2011.2169618
https://doi.org/10.1109/TAC.2011.2169618
https://doi.org/10.1038/s41467-025-64233-0
https://doi.org/10.1016/j.jfranklin.2021.05.024
https://doi.org/10.2514/2.4841
https://doi.org/10.2514/2.4841
https://doi.org/10.1002/acs.1021
https://doi.org/10.1002/acs.1021
mailto:guozhijun@ncu.edu.cn
mailto:jinleicheng@email.ncuedu.cn
mailto:qianli@ncu.edu.cn
mailto:huangyushui@ncu.edu.cn

	0 引　言
	1 预备知识与问题描述
	1.1 图论知识
	1.2 常用凸优化理论[3]
	1.3 基于时变增益函数的预定时间收敛
	1.4 问题描述

	2 主要结果
	2.1 算法设计
	2.2 收敛性分析

	3 仿真研究
	4 结　论
	参考文献

