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3H DR BHUN RO PR 2 B R R AU 2 IR BB S g 467

T S IR X2 T REHLPE RE R PR B /ML AT R BERR, B (13N T LT R4 Nash-
B

EX 200 —FUEHA {UN = {u), i=1,2,--- N}, N=1,2,---} HETH R
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B ([8]) WA PSA ffhit. &5k, RiTME MRS
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FE 3.1 XTRS (1) MR 3), MR |QIY] [~ (gOIIGW)IIj) [PO)dF(0) <1
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giaal (13), (14), (16) A1 (18) 13
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EEE Ky, Ko fl M, i, Nk, d (19) M1 (20) 05K (11) L.
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IMRFAEL € [0,00), g(w, 1) & M LEELREL, WV E>0, lim || [, g(z, t)dFy(2) -
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B 4.2 MTRGE (), WREE (H) — (He) ML, MAEFHIE (9) FTHFRLER M
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hm lim sup — Z || y*(t)H2 =0, a.s. (21)
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N
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LAERT (B30, ||l e — RIS . S5 EHE 4.1, EHE 4.2 %M lim |7 (8)—y*(1)]| 5, =0
WRESE 1oL BIBEE N IR I, Xt PSA fMETHRZETE || - ||p, MECE X TILFBRKST
0. FIL, BATATLAE y* RAERT A TR || - ||, TEHE ST A PSA B3R —Bfliit. Bob, &
4.2 5 J5 T 4 BOR R A R R E AT LR

FER 4.2 f7IEWT A B T R RSB BE.

S 4.2 MREL (1), WRER (H), (Hs) — (He) BOL, MAFH RS (6) HIME—H Eyo(t)
e M E—SCHRGFRELRE, B sup || Byplloo < oo, AXHERE e > 0, 45 6 > 0, Hif

SHEEM 01, e M, t=0,1,--- HE |0, — 0] <5 5A || Eye, (t) — Eya, ()] < e.
LR % A
5138 4.3 MRZ (1), mARRB (H), (Hs) — (He) ML, MAEZRIER (9) THFRLER
iy (t) W

li?éso%p%tz;\!?(fv(ﬂ @ < e Hg”_t;)( )v a.s. (22)
T WA B.
I 4.2 WIEH MR (7) A1 (12) 8 B0 = Eyo(t)loc,, MK (2) IR (6) 73
By (1) - ZEye Olrmso=9' ) = [ Ew@abx@)= [ Eu(tare). (3

M5 4.2 8 Eyp(t) & M L —BoE AR ESERE. W, st (23) M3IHE 4150
i sup IEgX(6) —y* ()] =0, a.s.

A 1t hm lim sup = Z | B9 (t) y*(ﬁ)”2 < limsup lim sup”EyN t) — y*(t)||2 =0, a.s.
—00 p—o00 n—oo N—00¢>0
ERE
n—1
lim sup — ZH *t 2 <2hmsup ZHyN Ey‘}\,(t)||2
n—1
+ 2limsup — ZHE y*(t)H27

4517 4.3 5 (21) WAL, EH 4.2 EHE.

TEHZZEowEsE {(UY ={u, i=1,2,--- N}, N=1,2,--- } LT HAMMIEIR45
{JVN={J}N, i=1,2,--- N}, N=1,2,--- } Witk

EIE 4.3 MWFRL (1) Mists (3), R (Hi) — (He) oL, WERAS] {UN = {u),
t=1,2--- aN}a N =1,2, }%%ﬂ:fﬁﬁ‘hi‘ﬁﬁiéﬂﬂ

{ {JN, i=1,2,--- N} N=1,2,---}

B JLF 25 SR 3T Nash- 2.
TR % C.
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5 W 4.3 A LAVRE R AT E B R AR IR R TR R IR
B R RE I R . i JLF 2RI Nash- #7002 R EH 4.3 71401, % REAk
BN T T3 U4 bR A e D4 v 18] 1Y 1 22 2 L b SR T 0. TR G AT BT 44 5 B9 2 R
P B JETE Nash 245 5 SCT JLF 26 R S AL Y.

5 HEHRE
FR-D—REREEA. B DRI IR
yi(t +1) = ay;(t) + dbu;(t) + 0.2w;(t + 1),

ﬁqj%ﬂﬁﬁﬁ yz(o) E‘ﬁﬁﬁﬁﬁ N (y0a050)7 {wi(t)a t= Oa 17 T 1= 1725 o 7N} %ﬁ%ﬁ 1
B R RS B R BRI PR RE R AT

n—1

PN ) = tmsup - 3 [((0) ~ 5700) +u2(0)],
nee =0
st (6) AL K BRI RGN
v = GOW (=)~ g0
yc(o) = Yo, (24)
bolt) = GOb(t+1) — 54°(0),

Hok S(0) B (4) 4, G(O) = a— 22500 3k (24) BTAI 4 (t4+1)+ Aye(t) +y°(t—1) = 0.
oA - ij(e» ~ G(O) — gy, W ye(t) = yo K LRI BRI —AH, H M =
abS(0)
1+ 125(0)

Yo =3, op, =T, MM RGEAERECH 100 B, PAIFRGEAARS P a0 & 1.

u(t) = yi(t) bi(t +1).

b
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S
I
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S
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t N

Bl 1 N =100 i, &REARRSHZ Bl 2 YA AR LR e U0 PR L T A B 22 1)
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6 it

BT T RA G B HEAL Y RE 5 17 10 B B[R] LPSMAS 9 7r BB 2R M. 3 A1
BT NCE Bt T i hil R, HA ARG R T AR REMER. EH T HAFR
GH LR —BRE R, X PSA RS M SO R SR — Btk &J5IEW T Br it iy
o0 TP A R JLF 0 SR Nash B4R 0. X B LA 8] LPSMAS #97> BURE SR BT, A3
A TMEHRR. AHRZSEENBHFE ST B, 2405 Hil fR JUF 25 8%
AL, WARTERE TR AR 8 TR B B B i R 2 7 Y RGEEE & HRASH
iF, e Bt Ao EEE R A 2 4R

B R
Mgk A 5|3 4.2 H9EER
it
Lip(t) = G'(O)yo, Ion(t ZGf i ZGJ TQyy (i +17)).

M= (7) ATRE A Eyo(t) = Lio(t) + Lo(t). BIL, AIEFIERATRFIEN Lo(t), Lo(t) 2
—HAREEESEWEIR. BiE 230) A, EBEW e MMt=0,1,--- F
L@ < GO llvoll < MM{|lyoll < Mlyoll,

120l < S IGONIPO| Y 60 @y (i + )| <
i=1 =0

A

M2 MpM,-|Qllly]
(1=2)?

FTRA, Tg(t), Io(t) Re—E B FH. TiE Lio(t), Io(t) IEEELME. IL Y, £ GH0:) - GH(02),
MY, = (G(61) — G(62)) G (01) + G(62)Yi1 = 2} G 1(02) (G(61) — G(62)) G*(61).
1, HEE 2(i) %

IYell < 1G(61) = GBI D IIGE:) | MG < eXHG(61) — G)]l, (A1)

=0
HEH g2 sgg lim tA""! < oo, 1 EXBIR Vil < ¢[|G(61) - G(B2)], t=0,1,--- . HIL,
t t—o0

XHERH 01, 02 € M AT sup [T, () — Tao, ()] < wuoll|G(61) — G0 |, BT, 1 G(6) 72 M
B RES Lo (1) TSR SR, i

I21(6:1,62,t) = HZGt “(61)P(61) (ZGJ (01) Qvy* (H'J))
=0

o)

—ZGH (62)P (Z ) Qv Z+J))H

7=0
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Irs(01,00,t) =

> G 0)P6:) Z GI(0) Qi+ 7))
=1 j

Y G0 P6) (ZGJ (62)" Qy* (i + 1)) |
i=1

W || L20, () — Tog, (1)|| < I21(01,02,t) + I2(01,02,t). FIZ (A1) A[7R

121 (01, 62,1) ||
< %HP( 1) — P(fa)] + M”Q”lh_“\fy*MP i |G (6,) — G¥(6)]
< W(”f?#” Py~ Pl + MU g 92)|if;w1
< M2||Q|IIMy- MIQUAIMyMe o0 ol

< WHP( 1) — P(02)]| + (1— )3

R A (1261, 6, )]| < MAPRL Y YG0,) — G(0)[|. BELh, FAES ¢, 01, 02 FSRH0H
BOK B (Lo, (1) — Loy (1)l < K (|G(61) — G(8:)[| + | P(6:1) — P(82)Il). Bt G(8), P(6)
TE M L — B S S Lo (1) S 28 B 8 51
M=% B 5|3 4.3 §Yif8H

2 (12) 7T 501 57 2% 46 19 s A2

t
() = Byl (t) = G} (y:(0) — yo) + Y _ G/ Cwi(j). (B.1)
j=1
i
N & 7 2 1 t 2
" = thUPEZ||—ZGi(yi(0)—yo)|| ;
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LINEAR QUADRATIC DECENTRALIZED DYNAMIC GAMES

FOR LARGE POPULATION DISCRETE-TIME
STOCHASTIC MULTI-AGENT SYSTEMS

Ma Cuiqin Li Tao Zhang Jifeng
(Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100080)

Abstract In this paper, decentralized games of discrete-time large population stochastic
multi-agent systems are considered under a coupled quadratic performance index. Based on
the state aggregation method, the estimate of the population state average is constructed, with
which and the Nash certainty equivalence principle, the decentralized control law is designed.
By the probability limit theory, the stability and optimality of closed-loop system is analyzed.
The main results are: (1) The estimate of the PSA is shown to be strongly consistent in some
norm sense, which implies that the estimation error is convergent to zero almost surely as the
number of agents increases to infinity. (2) The closed-loop system is almost surely uniformly
stable, in other words, the stability is independent of the number of system agents. (3) The
decentralized control law is an almost surely asymptotic Nash equilibrium strategy.

Key words Multi-agent systems, decentralized control, asymptotic Nash equilibrium,
discrete time system, stochastic dynamic game.



