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Distributed event-triggered algorithm for quadratic convex optimization
problem

ZHAO Zhong-yuan, CHEN Gang'
(College of Automation, Chongging University, Chongqing 400044, China)

Abstract: This paper investigates the quadratic convex optimization problem with equality constraint for multi-agent
systems (MASs). In order to reduce the controllers’ update frequency and the communication burden among agents,
a distributed event-triggered optimization algorithm is proposed. Based on the graph theorem and Lyapunov function
method, two different event-triggered conditions are designed, which guarantee that agents can asymptotically converge
to their optimal values. Especially, the second event-triggered condition dose not require the information of the largest
eigenvalue of the Laplacian matrix, and thus the algorithm can be implemented in a fully distributed way. The continuous
update of controllers and the continuous communication among agents are not required. Meanwhile, the interval of any
two contiguous event trigger instants of each agent is more than zero, and continuous event triggering is avoided. Finally,
the proposed algorithm is verified in the Matlab simulation environment, and the result of numerical simulation shows
the effectiveness of the proposed algorithm.

Keywords: distributed optimization; multi-agent system; event-triggered; consensus; distributed algorithm; quadratic
convex optimization; undirected graph

5 =

Z R RGN Z, 02 HlAs A\ 2 BL A 4t

DA IR tAR 2 1 )32 1 RTE.

oA AL 1R H AR A2 A R SE L R

B RESZIE ARG Tl HL I A 3 ) 5 DA R R 20T,
P L Rl 8 22 38 RE 1 28 8 1A 23 A 3 18 42 ) 5 R S )
FSZ BRI 22 F T 1)) R S W A — Bk
i) A 73 AT 23 1) 5 R B ) R e 1 — SRR AE 7 )
AL AR RS R R A DCEE S B 5 B D
Z B I) J B A B A e S DU AKR R GE R — BudE. it
— b TR B 2 B RE R R U B R B, 231 3

Ytks HEA: 2018-01-16; 1&[E HEA: 2018-07-05.

4 H AR e A /ML B B AL, 51 0 el L IR R
DU i) AL I8 A #5521 LA % 90 1 D0 A 2 T )
AL ARG H AR R HOE W RGP B R H
P R L . A 22 8 RE AT R SR A R AR, A X
PACTTEAREN 7T Z W SRR 1), o A stk
SRR BRI 2 P 28 e g BRI I8 s ik
ARGETSIZ SR [19) 45t 1 P Aoy A1 SR 2% 55

EEWMHE: EFRERPEIEETE (61673077, 61273108); & KT F A5 AT 7 1H K13 H (CSTC2016jcyjA0361);
H e R AR 45 9 T B (106112017CDIQI178827).

RIERE: EAK.
Tl IAA/EH . E-mail: chengang@cqu.edu.cn.



1636 # % 5

* R #34%

1 DUR TG B X 2% Hh B AR AR R 26 r) . bk SR
(1) 751 75 B8 R M 3 482 M B3 PR ) S e B S 4
) JE AT A AT T AR IR AE . TSR 2 R R R 4t
Hh BEAN R R IE R I ON SN s 2, LR
AT THELRE I REAS B8 13 R, TR mE s
AT FHEAE X SEBR RGMAR 2 — PP PR SR, FAR IR
BN DAEAR R AR BE sl 5 S FERIE A F 4,
It H A8 RUBEAR R S ThFER0. 52 TRk [20] )8 &, 5C
Wik [21-220 K AR B S TSR ff 2 2 Refk— B
R4 — BV 0] R, A S0k b T A ) 2 IR S T R AR
AT 8T 5 R AT 5 i BRI AE SOk (231 6E % 2 R R
P 2 G0 1 SR B i, R PR I 0 o g v e T T Sk
RGN I ROk G 10 ATJEIRES 03 S A, a3k 1
G 1 AR TR R E S5 SCER [24] 38 H T —Fh B&E R
— EPE SR, FER P S Al R 8 SRS AT AR T
BRI A B 1) L

T R A 51 T W= R R R W NE= 01 1 S N =1
TP I L, BRAT (%) 1 SR 22 o AT e 8 AR B T
R BURE. 456 F IR T kv AL ]
FOH 43 AT A IR Bh BV, BE AR v ™ e A 1) A, L
S R b AR A 42 o) 25 i S ) BRI A 26 DA gl
1) 25 1 DI FE, [ B 30 23/ D 2 B AR 3R i v s 5 X 2
T B R, BB AR Re A 2 (] M B i[5 &= 7E 2 A
I EHBR T, DA ] 8 ) AR RIS SRR T
FHAE T o0 A7 3% 2R v sl ) B AR B U v I 1
THEE N . H AT, 2T S IR S AL R o A AR AL
SRR AR O% R B AR A BRPS2T SCRR [25-271 0 T
TEL T AR A ]

52 SR [23-24] R, A SCER X & A 4 A R
TR ARAL I R, 25 H — B o A AR R R, R
JH 2 5 5 R B0 3 B R AT S R P S A R
. AR T & S A 2 DA B B0k AR, AR ST
SR T A A0 AR AR 2 o 58 1 ST 0 B DA B 4R i (]
AE O NER R B IR B BRI S S TR AL R, L
PRAE N 6 A4 A 408 T ik BT 21 Py B[] 1] B KT
0, NS H k.

1 P AR R A A

1.1 KEER
ZREBEARGTUHEG = (V,E, A) KR,

HAo:V = {v, v, 0, ) NEREIET HERE €

(V x VY NIBIES, (vi,v;) € ERRT AL

Pl BT i S B REA € R R B G RIAR

. R (v,v;) € EJJWAMIGEK ay; = 1,15

Ma;; = 0. KXAFEAE ARG, Kb a; =
0. BN A IE D 5 SUCA diag{dy, do, - -+, d b, FoHR
di = > ay FBEL = [lij]nwn 9B G HOP B HLHT

Jj=1

R BN AITRE N = Zaij,jtxﬂkﬁ% TLERN

by = —agy AVEREEE AL ASERLFE D 5 H B
FELZ 2 L =D — A.

T ERAE G, (v,v;) € EfAE (v;,v;) € EH
BT, R a; = aj = 1. Rk, J6 1) P 1 40 B2 4 R
AT 17 55 B L 351 6 B R TG 1) P b, i SR
PR AN AN [R5 R TE) A7 7 — 2% B A28 AR 3%, JULRR PR AN 15
ST ). WA AN AS [R]85 2 I S 1, AR
B2 IE . S G2 TR, ) 0 &2 fr 3 b ke
B L 0 fa] SRR AR AR, 0 RE L1 B KRFIEAR A\, (L) 6 /2
A(L) < 2dman, FHoH dpax = max{d;,i = 1,2,---,
n} Hdpax <n—1.

1.2 [EIREHER S S
SO AT AN T SRR I e Ak il

min »  fi(z), (1)
i=1

st. Y z=D. 2)
i=1

Horr: fi(z) R R B A BRI, 2 N e A
B fi (=) M 28 R R A RLR. D =) D

BT A G b, A T SR
SR B f (s (1) T D,
B2 B (=) N R
fi(zi) = 041'2’12 + Bizi + Vi, 3)
S, s,y N BB 1R S5 ELY 0 IE 3
- R (1) 0 (2), 47 4T 2 T e e %
SRARIT . ST, 5o 5 ) T Ao s
A 5, TN 2 B A 0 5 SR
G H 4 R {3 . ok B LB 2 5 R
ARG BRI RGO AT Sk R
B, SR BB B 6 T S R T R i T
AR T Gk R R R 4 T — N R
R B b 5, 1 R T A A
SRR R, B T AR RN e
2 ) P 5 40 L A7 R 2 T B 5
ORI R EL b, R T TR 4 5 L B R
G T 5 A s, UM S8 T R TSR
V. BB, 25 B bR R 40 A 2 i —



% 8 H

R B KT B4 IR 69 ok AL R A AR H K 1637

MR R AR AL I (1) 1 (2).
BT huak B H 21 mT LAAS 21 iR 75 (1) A1) 1)
—ANEE R, B
_ Ofn(zn)

Oh(z) _ Oh(z) _ .

821 o 822 - - azn =n, (4)
Sorln® AR BT AR TE R4 5% (3) AT
A1FH|

20121 + 51 == 2anzn + Bn = 77*' (5)
=0 (2) F1(5) AT 5
n IBZ
D+§h%
n=—— (©)

XTI ARAAE 27
=18 )

ARSCH E bR B TE o0 A0 G IR B B R A
7] (1) R (2) FIARALAE 27
2 FE4EHR

SE ALy (t) FNAZ & (), ot o () A2 0 1) 2t
(D) A Q2) FIAAR 27 (kT2 &, L e 24(0) = D;.
AR () 3 SN () 2 205m(t) + Bi IR (S) TTHE,
R ALK, 2 (t) = 27

§i(t) =&a(t) = =&u(t) = 1" )]

1 =X (8) T %N, 18] A (1) A1 (2) AT L AL O K T
& (t) M — 5 v .
2.1 EHIEE

Xt TR AN B A S — A SR R R B s (2)
FHA R 2t (k= 1,2, ) Noi(t) > 0% R
2. DRIk, AN 8 e s T i i B 220 Sy — 1 B 5 1
(IS B A58, B ¢, 8-t -+ k€ N.

ARSI BT

&@):—Z%E:%A§QV—§@D7 ©)

& (0) = 20,2 (0) + B;. (10)

Horb: € (4) 24 B 5 S 2 T DR S M8, iy A9
LB RE AR R GRS AN B AR B B A 16 &

AE(t) = [€(t), &), &L E() = [61(2),

éQ(t)a )én(t)]TaK = diag{2a132a27"' a2an}-
30) 255 R
£(t) = —KLE(). (1D

22 EHmLEH1

BETH Sl & bR BN
@i(t) = lei(t)] — wi(t). (12)
Hr

ei(t) =&i(t) — &), t € [t thyy);  (13)

wi(t) = | Y ai(&it) — ()| (14)
j=1
X MR THI IES 4L
HF R AR
wi(t) > 0. (15)
B BEAAR A I A ik R 25 A (15) A2 75 RO, 5 AN
BT, WA 3 — 2 s R, 2 B e fl s A,

208 A A i 5T A R B ZR S AB I ik 4 FLAT JE
A, [V B BT O 4 A 0 e, () T B RRLO, %5 R
A FRIAT T SRR R A 4 55T ik R ZIRASME
FHEH A O EH . R, SN EREREE K
LA JoB S ik B 80 B 8 W e S AT B A

EE1 BEEGHEMIEBERE. WRSH A,
FBah; < )wild(i:: 1,2,---,n), WAEE (9) M (10) 7E
FAF AR KA (15) T AT LR ARPLAG IR R (1) F1(2).

B 8 LR (t) = &(t) — n* MIEZTELE
R R

|
V@zE:mﬁ%) (16)
i=1 v

BARV(t) > 0. HHAHE () =V (t) = 0.
XV (t) KRG8

7Y Y ai(&(t) = €(1). (19)



1638 #= # 5 kxR %34%
P T 6] G A ) 3R ), o B 0 B T 7 I 1(L) - An(? P wA s omLT <
Y o> au&t) =) =o. O 0. B, < 5y MLV < O AR AR
i=1 j=1 An
Fh1 38 20) B 411, (19) T 4L Ny HEATLMG RISV = 0. A
" no Gt)=&t) ==& = (31)
= &) > aij(&i(t) —&(t)). (21)
; ;1 Hrp e R FnE . Ba0A3) M @31, 1T
RACHERRRP A alt) +&a(t) = =et) + () = (32)
V(t) = —€"(t)LE(t). 22) HmRAHMEH) A
H =X (13) A4, (22) AT RN w;(t) = 0. (33)
V(t) = —(E(t) — e(t))TLE(t), @3y HRA2) PR A oi(t) < ORI T e;(t) = 0. 331
/H‘:E'je(t) = [61(t), eQ(t)v T 7en(t)]T- i&ﬁﬂ?gf ﬂ%u’ i—,IHT“ETJt - OOEH‘,ﬁ‘
: s . —&H(t) = =&u(t) = c 34
VO =-Eomn oo, ey s mel=mefme G
. . . . 9) Al {4
T T LLED) < A(DETOLEW), 1L SR
. ) ) dr = S(E) — & (0)dr. (35
ETILEN) < 2T (Delt) + - ETOLLEW), (25 Jy i = Jo a6 - &opar. 63
Hra HIEHEHL WL Xﬁiﬁ(%)wgl‘ﬂﬂ?*ﬂTﬁ
V(t) <~ gy (OLEE) + GeT e(t) + ZI 206
1 . A
2 ETOLLED). 26) Z [ Z% ) () —
HEFea =N\, (L), 715 J=
: 1 A A A (L , non A .
V) < g € OLLEE + 24P T e, [ a@n-war. 6o
=1 j=1
@D g L T
n n 2
T /8 .
EE§ LL€ £ (J . Qg5 52 ( ))) ﬂ{% ZZa”(&(t) (t)) —o. (37)
i=1 j=1
V(1) (S auE )>2+ h3k.(36) 1 (37) 7T 4
z:l j=1 .
n Zj = 0. (38)
A”;L) PNAG (28) 2.5
i=1 H(38) F[ 15
ARl R AT (15) AN (R (¢) < 0) B, 7] nq nq
" g 2ot - g G0 =0 (9
les(t)] < v Zaij(éi(t) - éj(t))‘- (29) A (10)IA3
=1 "1 "1
4%:‘&(29) /ﬁ‘)\ (28),ﬂf§r Z_; 20, fz( ) = Z; 20, (20%331(0) + 51) (40)
V(t)= - %1@)2 (Z aij (&(t) — gj(t)))2+ 13X (34) 1 (40) 1 13
i=1 j=1 n "B
A (L) & i A 2 21‘1(0)—{-22 ;
#Z (el - 6) = b (= == )
i=1 j=1 t—o0 1
> a(YasEm-&m). 6o 2
- i Aij\Si )
i=1 j=1 ’ e



F8H AP B T E A IR A ok AR AL B R A XAR AL 1639
Gl
. im1 “ io—is Yoy (50)
tlgglofz( )=c=n"= N (42) k1 T Z 0
= 83" ay(&(th) — & (t) = 0Bt H
i ¢i(t) = 20mi(¢) + B, TT7% =t
B o) = ai) = T @y es(t)] = v Zam &)~ &)| =0, 6D

ERLIEERE. O
F1 mREORIGE) 2 20im:(t) + B AT,
TAEER A,

> wi(t) =D, (44)
=1

R 592 T LAGRAIE 2R 50 S i 3 25 304 R

F2 M EIRE AT R AT DLE Y AR SO
T T LR P e o S B L PR AR, TR I A S i
(9) T (10) 130 3E FH 3015 X148 G 1 322 308 BRI A5 0.

EIE2 B G- TG  EE BT R
i(i = 1,2, ,n), B %A (15) 7T LLORUE AT
B ANES: M$#mkﬁﬂmﬂ—ﬁ>ow AN
INS RS Rl K.

WEB W AE SLEEAT R .

1) fE [¢h, ¢h o) IFTE] P, R B A ¢ ) 48 775 R0 A
TR B
0] < Y e Gt - &) @)

TEROT. St = B, e (t))] = 0. Bt =t} B A
> aylélth) ~ &) @6

‘ei(t;c-u)‘ > 1

Jj=1
m1 20 (9) A1 (13) 1] 45
dle;(t . :
O < et = Kato)| =
20 2 (@ -6@N). @
}:%]g (t)) # OB, F
thin dles(r)
L;; a IS

(s — t0[200 D ass€ilth) — &) @®)
j=1
A

oy Zaw &) —&(tL))]
thpr —th, = . (49
)2%2(1” Ei(th) — & (t], ))‘

DRI, 5 e AR d AN 2 ik A A
2) 7E [, £, o) AL PO, 80 R d T 40 10 i
P . BN Bedk j S R I % ¢, U
th, —ti >0, (52)
HIELIEES
thyr —tp > 0. (53)
f%l)ﬁljr LR, B B4 ¢ (1) AH AT ik & IS 2 1) T
DRI 55 1) Pt 400 S & Re A AN T e R R
#Fﬁ%z Eﬁ VREAR ¢ RFEE F AT R A v ReAE AR fE
Pk ROIRAS W 2 e R R AR JE s OUE VA IE B R AR R
FA b AOIRAS B2 R A 2 L e A e
PRI A
B B B AR 4 52 400 S fink DR A 52 ) 45 2 A fik
R AR ZI Nt = i (k= 0,1,---). TEflURI Zt =
th, FTREAFAEPIRIIE T 1) wi(17,) = 0si) wi(t},) # 0.
D) Yw(th) = OBL, A% € [t 6, ) A
S aiEt) —€i(t) = 0, FTMAFIE () = 0. Bk
1

Jj=

ei(t) =0,t € [t),th ). £ F RN Z¢ =t A
le(tirn)| > wiltiyy) = 0.8 5 e(t] ) = 0T JE.
ii) élwz(ti) # ORF, T4t € [t ¢, ) B A

Za” Ei(t) — & (1)# 0, HEMRFEIE, (1) # 0. £ F—
ﬁiﬁilﬁ%ﬂt =t Mwi(th, ) > 0R A

i dle(r)] Z-
L;@ —dr > Wit ). (54)

NARUER (54) BOL, AFAE— AN P24 T (1) 5 H e, 1115
by — t, = & > 0. R0, AFAE ™A% 1L H) % K e, 51R
BAFAE R R i B AR T JE . AT — il A %
t=1th ., Fwi(th ) = O, Bl w;(¢1) = OIS L
—EL AR = ¢, N R REAAR G AN IR REAAR
Fr SRl DR G 5 (R B R RE AR Fp s S A A F
J&.

i Bk b, B ae ki = 1,2,
A ES ) FA AR Z e, — t > 0,
FrEegfin k. O

A3 HEHE IR, S8 K E R 5L

,n)EEM
ﬁE%zTA



1640 ECa |

* R #34%

BRHFFIEAR N, (L) 6 . B 7 7960 B P o ] e
(L )%EA (L) € 2dpmax < 2(n— 1), BT LATG 2]
T
23 EHMEEMG2

5E S AN R Al i o 0 D e
JafE BT 2. F SR R T

REfA NS 4

oi(t) = e} (t) —w;, (55)
Hr
0; = JzﬂéZau(é(t) — &), (56)
j=1
3% By AT IE S5
filt 2 kA
i(t) > 0. (57)

EE3 BB G NN EEE. GRS H
Bl < 5 i=1,2,-,n,EIE Q)M (10) /£ FH4F
fil 4z 2 (57) 7T AR AR AL, 0 5 (1) R (2).

UERH Wit 5 e 31 AH R 20 5 R R 2. B

ENCZORIECS

V(t) = — T () LE(t) + €T () LE(L) =

-l Z > €0 — )+

n

Z ei(t) Z i (&i(t) — gj () =
- ;zxam@@) - &)+

i=1 j=1

>3 e

=1 j=1

n n

- %z > au(élt) - &)+

i=1 j=1

Hrbb i b < 1 IEH . #t—22 a3

Vi) < 5003 D ayEn &)+

i=1 j=1

— d;e; (t)
; T (59)

H i % B B (55) A A 26 A (57) W AR

Vi) < — 5003 D@t &)+

i=1 j=1

> S s 660" <

=1

—3 ; A ; ai; (&) = (1), (60)

HpAl=1-b-

Y < b(bdf D i, V(t) <0

HT0<b< 1L,BZSHRH/E4b = 0.50,b(1 —b)
B KAR 0.25. [H bk ] 13

dithi w A ~ w
T.éAi>0HﬂL,V(t)<O,Eﬂé

1

(61)

J& 4L E’JLE%L%%%’@U?EEEIE’JLE%L& O
EE4 BB G TmEEEL T R
i(i = 1,2, ,n), Bl %A (57) T RLORIE AT
RS (A Ak R I 2 R — ¢k > 0, B
REfR i Ao k.
UEBR I R 2 A Gl AT v k.

1) 75 [, £ ) I T P, 85 B i PO 40 5 5 A A
Ao K, B
20 <Y &) &) ©2)

j=1
TR, 2t =t I, Je;(t),)| = 0. 2t =t I’ A
&} (thr1) > %Z ay (&t — &) (63
j=1

EEMCHLIES;

|6i(t;c+1 < \Jzam 51 t.) §J tk )) - (64)

1= 9) 1 (13) I 15

d|e£§t)| < e = 1&@)] =

200 Y ey &) - &5 69
j=1
Y ay(&(t) - (1) # 0ft A
j=1
Z i (&i(1h)

mﬁmﬁTﬁ
t;;+1 d|61(7')|
—d
T
(th1 — ‘204, Za” &(t)

5, Eﬁﬁﬁ/\ﬁ:(ﬁ)—ﬂﬁ‘

— &) >o. (66)

T <

~&t))|- 61



% 8 AR S A TFE IR 69 ok DAL R R A X AR 1641
Jzaw &i( th) fj k’)) ° e
thar — e = >0,
\2%2% &(th) — & (8) o ©
. (68) | BEEE
" o, £1 TS (o) WRESH
) (4
sz (&) = &) > T —
1 9 a; 0.096 0.072 0.105 0.082
E(Z Qij 51 (th) 53 k/))) (69) Bi 1.22 341 2.53 4.02
! Vi s1 31 78 42
CE . LW 21(0) = Dy = 130,52(0) = Dy =
15 > aylty) - f}(tif))’ 90,25(0) = Dy = 80,24(0) = Dy = 100,D =
thpr — 1y > = , (70) ZD = 400, XML £, (0) = 26.18, £5(0) = 16.37,
)20"2“” &(t) = & () 6(0) = 19.33.£,(0) = 20.42. tH (6) A1 (7) T &1,
By XRLERARREE (1) = &) = &) = &) =
o n* = 20.2759,25(t) = 27 = 99.2496,x3(t) = 22 =
tepr =t > [ g7 > 0 (T 117.1245,25(t) = 2 = 84.5044,25(t) = 2 =
Z 99.121 5.
éZaw &(th) — & (1) = OM P 1 01, 2R G0N IS 2 7 e B K
MEMR N, (L) = 4, @ 107 LIS 2], T2 ¢ <
lei ()] = 0, (72) 0.25, LB E oy = by = 13 = by = 0.24. JHELLER
Wi 2 ~ B9 .
$Za” 5@ tl 5] t] )) 2 0. (73) 30 & —mm & - &,
0, B R i 5 SO SN
2) 7 [t £, ) I6F 1A P9, 60 i e d 0 40 15 2 A 20T
R, I R § T A R 2 ¢, s
t, —ti > 0. (74) tls
T AT 75 B2 &) RIS AZ (11, 2, Y3, s = 0.24)
4
thyr —t, > 0. (75)
2RO UE B e T 2 AR D, A 0 2
FERT DA HY, B e (i = 1,2, -+, n) B ESE -
MR 2 — > 0,8 et i A kst
k. O
3 PiEsEE
JE T Matlab 17 B SR 58 1IE AR SR DL P R =44
Ak % 2% P O 2 B
% 18 4B RE PR LR K 2 R A A 4, B R A <
Z [E] B AE Ya Hh B B 1 s,

BN RBE A AR BRI (20) 9 — IR0 R G B0
MNISE R 1 .

B4 |ea(t)| FAwo(t) HIZNIE



1642 ¥ % 5 & K #34%
0.8 p— b,
l8$ﬂl9 FAZE T @ (1) WA S 2R DL K
ZmZﬂ]Zm, 0) I ZE. AT LB H, o, (¢) WS 2 %
0 0, 255820t S 490 T A2
t/s B 0 28 2 A S A flh ke SR A (ARl R 2% A 2), R
BI5  |es(t)| Fws(t) BEE FRHIWESH Y, = ) = ¢y = ¢y = 0.12. 1)
L5 E—— HARUE10 ~ B 17 s, AR DUA I, S 1%
Al R 2 AR TS W R AR R T S B o A AR 1)
., EH T ) ), R AN B AR
30 —_ fl —_— Cz ............ 45 ——— 54
15 20 25
SN
20F 57
6 |e4(t)|ﬂ§ﬂw4(t) H"]ﬁﬂ; /"-
v, 0 5 10 15 20
§V3aooooooooooooooo t/S
I SO B 10 & (1) ABBLIAZ (1 = v = v = ¥l = 0.12)
1 I I 6 —
0 5 10 15 20 i &= el
t/s i 4 Il
E7 SERRE L RR 3 21
(11 = 1ha = 2h3 = 1hs = 0.24) 0’[’ = . ,
140 — —_———— Y eeressesseen —— 0 5 10 15 20
o\ It t/s
o 100;\ 11 ey (t)| Fw (¢) BOENTE
P Y I— — B,-—— e
60 ) ) ) 2 2
0 5 10 15 20 12
t/s ;
8 zi(t)HYHNIE (1 = o = ¢s = ¢y = 0.24)
) 5 10 15 20
S ) (1) === %(0),,, e
e B12 |ea(t) Ao (1) BOBNIE
E 3T
0 5 10 15 20 )
t/s E:‘
&9 Zwl(t)fﬂsz 0) KON iE
0 5 10 15 20
(d}l Yo = 1/13 g = 0.24) t/s
B2RRT7T&EEOMISHE R, B2 LA B 13 |es(t)| Fws(t) BOERIEE
t, & () B sk T B n* = 20.275 9. 3 DY
13 ~ 16 52 R T Jea(t)| Flaws () FOBLTE. L) <
B3 MBI, eq (t)| — H K Fwi (t), LRI B A 0, K Ik 5
FIARAIE e (¢)] < wy (t).
B 7R T 5B B AR S5 fi e s Z1) o0 AT 1 15 20

DL, AT U HH %A e A 1) F A At I 2 Sl s
7 I 28 B 251 B8 42 ) N LI ORI 15 OB

t/s

B 14 [es(t)| Fwa(t) BOBLIE



R B KT B4 IR 69 ok AL R A AR H K 1643

% 8
Vs
Z 127 L S S S S
Vip ox o=
0 5 10 15 20

t/s
15 EEFEHARZ
(W1 =5 = Y5 =) = 0.12)

140
. . P———
12°\£ “““““““
= 100F"
{1
60 : : :
0 5 10 15 20
t/s
16 () B3I (Y7 = 5 = o5 = ¥4 = 0.12)
s 5
= X(O g === x(0),
= 4
S
T 2 . . .
0 5 10 15 20
t/s
B17 >zt 2:(0) ML
=1 =

1
(W1 =¥y = Y5 =) = 0.12)

L2957 mFIH T 5% (9) A1 (10) £E ik K 2%
P VRN AR A R 2% 2 T IO AR OB

2 FTRLESHMEREXTEE
Agent, 1 2 3 4
MR DB R 4D 14 16 12 14
Tl R B CRAFlR %4F2) 12 6 12 9
M 2 BT LA H A A R, S0 i
A 2 1R HE R R O T AR e 1. 7
HE L FO 2, PR 26 2 IR 9 R 2 A LA
TS0 4 5 B3 97 91 0 254
R RRA 8. A AR 26 2 1 3
) 2 0 A 5 1, R A D A
AR AT TEPE AR 26 2 bR A U U2 25 O £
Jea (1) 0 BRAE o () A T 3622 S Pl R 4 1
R0 (1) LT #0405 LA, 2600 0
ORRA R, 24 di? <l Y ay(Eu(t) — &(8) #
0.1 = 12,3, 485 (1) < @ (0). ADSRBH dyy? =
0.1152, ¢ = 0.12,i = 1,2, 3, 4.

4 &

AR T 2R R G &R EXL R
ORIDCAL IR, 25 1 — Mo ) A SRS R B Ak

SR, IR R Bk g T PR A R B SR Ak A SR A
DRIE T SRR SR 26 AF T SR oA Bl
SUBN B XN AR, AR RE N L e
2 AT Jo F A i A I 2 S 4 ) N I AT 40 TR]
AT AR, D) AN P 7 20 S0 1t o A 00 1 ot B S 4%
il 4 AR AE, A7 At FEAR T AR GE i) ShAE AR {5 7
H. 07 BLA5 IR T S0 A S il R 2% 1R I A Rk
FEARRIWETE o, K 22 1k T Al S PR B A A
DRI A AT S5 ANEE LA R AR A ] R
FA T R B s A T

£ Tk (References)

(11 Z/hJe, W, 2A5, & raEEE 8 kR

G AE [ 58 YD AR 0 N B 9w BAFE 1 7). 420 55 Pk,
2013, 28(12): 1869-1873.
(Luo X Y, Li X, Li S B, et al. Distributed discrete-time
formation control of multi-agent systems under fixed
and switching topologies[J]. Control and Decision, 2013,
28(12): 1869-1873.)

[2] Zhixin Liu, Lin Wang, Jinhuan Wang. Distributed
sampled-data control of nonholonomic multi-robot
systems with proximity networks[J]. Automatica, 2016,
77(3): 170-179.

[B] 1RE, BE, KA, & ETHNLERENZERE

PR ARG A E R B PE  [J]. 3528 5 B R, 2017, 32(6):
989-994.
(Xu Y, Zhao R, Rong Z X, et al. Adaptive tracking
control for multi-agent systems with relative position
measurement[J]. Control and Decision, 2017, 32(6): 989-
994.)

[4] MR, BRIUE, &R, & T2 HRERE —HHE

VR L) R G853 AT SNG U U P SEmE (J]. ) H Bk
%, 2016, 36(2): 112-117.
(Xie J, Chen K X, Yue D, et al. Distributed economic
dispatch based on consensus alforithm of multi agent
system for power system[J]. Electric Power Automation
Equipment, 2016, 36(2): 112-117.)

[5] Chen G, Ren J, Feng E N. Distributed finite-time
economic dispatch of a network of energy resources[J].
IEEE Trans on Smart Grid, 2017, 8(2): 822-832.

[6] QinJ, Ma Q, Shi Y, et al. Recent advances in consensus
of multi-agent systems: A brief survey[J]. IEEE Trans on
Industrial Electronics, 2017, 64(6): 4972-4983.

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

[8] Jakovetic D, Xavier J, Moura J] M F. Cooperative
convex networked

optimization  in systems:

Augmented lagrangian algorithms with directed



1644

*

% %34%

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

gossip communication[J]. IEEE Trans
Processing, 2011, 59(8): 3889-3902.
Ram S S, Nedi A, Veeravalli V V. Distributed

stochastic subgradient projection algorithms for convex

on Signal

optimization[J]. J and
Applications, 2010, 147(3): 516-545.

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

of Optimization Theory

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

Gharesifard B, Cortes J. Distributed continuous-time
convex optimization on weight-balanced digraphs[J].
IEEE Trans on Automatic Control, 2012, 59(3): 781-786.
Zhu M, Martinez S. On distributed convex optimization
under inequality and equality constraints[J]. IEEE Trans
on Automatic Control, 2012, 57(1): 151-164.

Duchi J C, Agarwal A, Wainwright M J Wainwright.
Dual averaging for distributed optimization: Convergence
analysis and network scaling[J]. IEEE Trans on Automatic
Control, 2012, 57(3): 592-606.

Ram S S, Nedic A, Veeravalli V V. Distributed random
projection algorithm for convex optimization[J]. IEEE J
of Selected Topics in Signal Processing, 2013, 7(2) : 221-
229.

Yuan D, Xu S, Zhang B, et al. Distributed primal-dual
stochastic subgradient algorithms for multi-agent
optimization under inequality constraints[J]. Int J of

Robust and Nonlinear Control, 2013, 23(16): 1846-1868.

Kia S S, Cortés J, Martinez S. Distributed convex
optimization = via  continuous-time  coordination
algorithms  with discrete-time communication[J].

Automatica, 2015, 55(5): 254-264.
Song Y, Chen W. Finite-time convergent distributed

consensus optimisation over networks[J]. IET Control
Theory & Applications, 2016, 10(11): 1314-1318.

Rahili S, Ren W. Distributed continuous-time
convex  optimization  with  time-varying  cost
functions[J]. IEEE Trans on Automatic Control,

DOI: 10.1109/TAC.2016.2593899.

(19]

(20]

[21]

(22]

(23]

[24]

[25]

(26]

(27]

k&
BRI (1987—), 9, 182k, MR SEPFIREh IR 44

Qin J, Fu W, Gao H, et al. Distributed k-means algorithm
and fuzzy c-means algorithm for sensor networks based
on multiagent consensus theory[J]. IEEE Trans on
Cybernetics, 2017, 47(3): 772-783.

Tabuada P. Event-triggered real-time scheduling of
stabilizing control tasks[J]. IEEE Trans on Automatic
Control, 2007, 52(9): 1680-1685.

Dimarogonas D V, Frazzoli E, Johansson K H Johansson.
Distributed event-triggered control for multi-agent
systems[J]. IEEE Trans on Automatic Control, 2012,
57(5): 1291-1297.

Seyboth G S, Dimarogonas D V, Johansson K H
Johansson. Event-based broadcasting for multi-agent
average consensus[J]. Automatica, 2013, 49(1): 245-252.
Fan Y, Feng G, Wang Y, et al. Distributed event-triggered
control of multi-agent systems with combinational
measurements[J]. Automatica, 2013, 49(2): 671-675.
Xie D, Xu S, Zhang B, et al. Consensus for multi-agent
systems with distributed adaptive control and an
event-triggered communication strategy[J]. IET Control
Theory & Applications, 2016, 10(13): 1547-1555.
DengZ,Hong Y. Distributed event-triggered optimization
for multi-agent systems with disturbance rejection[C].
The 12th IEEE Int Conf on Control and Automation.
Kathmandu: IEEE, 2016: 13-18.

Chen W, Ren W. Event-triggered zero-gradient-sum
distributed
networks[J]. Automatica, 2016, 65(3): 90-97.

Lii Q, Li H, Xia D. Distributed optimization of first-order
discrete-time multi-agent systems with event-triggered

consensus optimization over directed

communication[J]. Neurocomputing, 2017, 235(4): 255-
263.

LI

871

A AT, E-mail: zhaozhongyuan @cqu.edu.cn;

PRI (1976-), 5, #dx, 4300, WFE0 AR

0 B e N H N FH 253 7T, E-mail: chengang @cqu.edu.cn.

(FHESmbt: H )



