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Abstract: With the development of the artificial intelligence, the features of Multi-agent System (MAS), such as het-
erogeneous agents, complex environment, and objective variety, bring challenges for analysis the dynamics of the system.
Therefore, new control policies and optimization methods are required to deal with the challenges. Game theory which is
a classic tool for studying the decision making processes of the agents in social system is rising as a meaningful method
for analyzing the dynamics of the MAS. Two kinds of leader selection problems which exist in the formation of second-
order MAS are discussed. The supermodular game is introduced to model two kinds of leader selection problems, namely,
the problem of selecting a fixed number of leaders in order to minimize the convergence error, as well as the problem of
selecting the minimum-size set of leader agents to achieve a given bound on the convergence error. As to the designed
supermodular game theoretical model, the utility functions and objective functions of the agents are designed. The global
objective function can be achieved by maximizing utility function of the agents. Moreover, the greedy algorithm is pro-
posed to optimize the decision making processes of the agents. The analytical properties of the designed model are also
discussed. Simulation examples are provided to illustrate the effectiveness of the designed game theoretical model.
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system)

M2 ERERFELEN={1,2,- - ,n}1
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1) Bi(a_;) BH & KICEME/NITEK, 70 0F R
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1) S5 5 ERRE A 1RO bR B EARYE T
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3) RGN ST AR, FREROTE M TR
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BT PART LU Uy, UpfEa, b A& B 2E&E S0, fEa_; b2
S,

-'IJJ;—% 3 Xﬁ?ﬁi%ﬁ‘]al, ay € ALEbl, by € AF,
WHRE a1 > ag, by > by, BN Uy, Up T FE9) IR,
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Ur(ai,by) — Up(ay, by) > Up(ag,by) — Ur(az, by),
UF(ahbl) - UF(alubQ) = UF(az,bl) - UF(CL27b2)7
FrLL, ATCABEEUL, UpfE AL, Ap EEA K2R

BRI LG AT DAE BH, AR ST i v () T s A A e i e
FEAEAY.
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Xt T KRR R SRR AR R U, R GUEEAR H AR
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WITE SRS H ITE R XA T #2018 75 % e il
AR REAR R SROS RE, AL HARYE B S T AL i 3R 85E
TR SR, ANTTTIE 21 R G R4 H .
PAEARSCE 1 X 40 3 e 456 il R P M 2 FO R
B, 72 — /N, A stis AT R g
PRI SAAFR R PSS AR 10 40 3 2 3033 1) A
31 EREANTE B EIEZREIR (Supermodu-
lar game theoretical model for selecting k lead-
ers)
FEEE27T R, AR g BARLFE A7 7E 403 1k
I A O — SR T, o, e AN 1
ShR ZE B/ MU AR AT BAE SCan R
min f(Ny), (11)
s.t. | Np| < k. (12)

BT Z e PR IR, S0 E A
R R AT LUoE LR

HEFRREAG(N, A, U), KN ={Ny, Np}, Ny,
RAFHEES, NpeiRiiEES; A = {AL, Ar}, AL
5Ap i il 9isE SR HE AT NES U = {U,
Ur}, U 5 Up 70529058 5 PR A e n 7
RO TR, T4, AN 353 AR A 72 T DL
AR
min f(Vy),
s.t. | Np| < k,

f(NL) =
> Mz =zl + 20 wijllvi — v+

JEN;

r; ENL
Ty — dij”z]'

> Wz‘j||$i -

JEN;

(13)
RTINS TR T SRR R OR U, AN R B e
I, ISR B REfAIL B R Gt H AR, BrA, A
TSR B S R R AR I T s
FE1 AT .
N FEHHE ZERERGRRINGHG,

WMFHEINTRAEE AL = {a1, - ,as}.
v S EES N
¥itetk: Ny, = 0, HEraisE 8 H & E ym = 0.
D Rm < k, MG TR BT #
i < argmax{f(N.) — f(NL U{i})},
Ny, < Ny U1,
m=m+ 1.

R = b, VRS R AT
2) W € Ny W TS & BT
%
L=y Ur,
T=1

L =min L5 et = {i: L7 = LG

R ZE REM IS ST R H A5,

32 EHERADHSFHE M RGRER R —E L E
HIBREZERE R (Supermodular game theore-
tical model for selecting minimum leaders that
achieves an error bound)

FEATT R, Fe T8 270 vh i /e 2R s U /4 2

e, Hog AR

min Ny, (14)
st f(NL) < . (15)

S50 ATV BRI A Y 1k B /4
(AR AR ] DASE LR

MZERBIG(N, A, U), N = (N1, Ne }, Ny
RAGHES, N REBHEA: A = {Ar, Ap}, Ay
5 Ap 7302 0e# 5 IREEE AT NS U = {U,
Ur}, UL 5Up7r 2 9052 5 PR 1RO ek icin s
TR, 4, A5 2 A I R 7T B g
X

min NL,

(16)

BT bR IR (R SRR, R AR AT
AL AR IR T

k2 R OTE R

BN UFEHEE ZRBARAEIHIEG,
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fith: STFEEENL.

wiEt: Ny, = 0, a.
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e
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Ny, < Np Ui
HENSFEIERGEE, N TP
2) ki € Ny, WARSE AR R luR AT

t
{L: - > ur,
T=1

L=} = min L;fl at~1 = {2 : Lﬁ-_l = [t

min min J *

(18)

17)

A TER ARG EAR B AR,

H T3 B /N R 8 2 PR R 5 T SR )
WETL A K, ARG 5RZERKKRH
PUT i BREA

EE2  HUFHEES N B DG 6
iU, N NS RESHRBI T EH S, A4

|N£| fmax(NL)

A <1l+1n o , (19)
Horb: N RGN NRSORZERR; f() R T NI
AE T PRI R 2

I E B UER, AT LA DL R ERIE AL

$B1 L, TR R21F, LU ST s
FEITRHIN] SR Ny Z AR RN

;) 0= F@)
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Horh: Ny R s midke, Ny SoRTEBIEEE2
POEAUE P 2R 3 AR

_}jgz /fif(NS) == Rmax_R(NS)’ ﬁ\:l:':‘f<NS)

Fe R T N T FERIBL R 4L
[Ny
[Nl

<1l+1In

f(ND) = £(@)
F(NL) — F(NTT)
[Rinax — R(NL)] = [Rinax —
[Ruax — RINL)] — [Runae —
—[R(N.) — R(9)]
—[R(Ny) = R(N, )]’
B R(NL) = Ry, BHE U2 Ny AR

1+1In

R(9)]

1+1In =
R(N{ )]

1+ 1In

21

|V | —f()
P Ty e
RIII&X
1+1n TN (22)
HTf(N] ) <a,
|NI/J| fmax(NL)
A <1+1In a— (23)

Bl & FUER] 58 5.

25 L RR, EASTT ST 1P AR A 1% 5 )
ARSI AR Y S D A SRR AT i) R ) e L .
FEN i, iz FT E SR B 5 A R
4 i E S (Simulation example)

AT TR AT LR 73 ol i B A AR
TUAEAN TR F0 D G0 T 0 Y SIS 4013 2 1o 43 1) 8t P A
Rt B — AT 50 s BEAL N 45, 3X 26 f{ B AL
IIAGAEL cm x 1 e PIRS b 5 R RN RE
PR 5 HARERO0.2 con Y 1 A A R e AdAE . A T
SO E AR R T VR A R, 07 HSE58 70 il 75 %5
SRz E AT, RN 5L T R R R AT i
514 (degree heuristics algorithm) 5 H £ 2 401 5 #
1% £ 574122 (self-stabilizing algorithm) {F Ay 5 b, $
B2 A R A I B AR S 0 TR AN Y A
RN, SRR BR ) A F NS XA W] BLARIIE
FEAE I T3 H I R v, BRCIE HI A 405 2 2 0 i
SRR R R . H R XA O VA A 2 B
FER BN S A, e A e P b, /IS R
U BRSO RIS S B, INITTCIEIR B R S8 H AR,
A e e U5 i 1 SRl i T AR AL O jURT
HUCMESRIE RGN
4.1 7e&E#EE T 45 'L H1 (Simulation example

in connected graph)
BEALIN 25 728 BT PR s A B 1R,

1.0
0.8 &

0.6 |

Y/cm

0.4+

02

0.0
0.0

X/cm
SRWINSES TS

Fig. 1 Connected graph of random network
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5520, 5 R AR 3 FH G R IEE B K UFES
H Fo e S F Ik B EE) AT L | i A R
K26 7.

REXSEE AT DU HY, B R A A e B PR 400 5 8
NI o AL R R s R R, i B s e U5
TR T B R B FPAE SR AN IR 2 — X,
i PO MR 1 o (07 A5 RN AE A [F) R GE R 22 1
UL, AHEE TR R A QBN A 8 L A
1%, EA SRR L L T S A A i TR A
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theoretical method
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Fig. 3 Selecting k = 5 leaders via degree heuristics algorithm
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Fig. 6 The relationship between the number of leaders and

convergence error

k1 ZBETAMFHHE HMSGREZW XA
Table 1 Relationships between number of leaders
and convergence error under connected

topology
BReEdTE Rk EeiE

Mo eEesrdmm mm o BOHEE/mm
1 54.98 54.98 48.73
2 37.51 48.45 32.82
3 28.43 44.22 25.03
4 23.44 43.33 19.73
5 20.68 29.91 16.33
6 19.07 29.45 14.91
7 17.88 28.11 13.61
8 16.98 27.07 12.67
9 16.23 26.55 11.84
10 15.46 25.89 11.18
11 14.77 25.32 10.57
12 14.09 25.04 10.01
13 13.69 24.78 9.49
14 13.25 24.51 8.99
15 12.84 23.97 8.53
16 12.44 23.69 8.09
17 12.07 23.33 7.66
18 11.73 23.20 7.24
19 11.39 23.09 6.85
20 11.08 22.86 6.51
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k2 A ETATHHE BMsR 209X 2
Table 2 Relationships between number of leaders
and convergence error under unconnected

topology
Ny HfeETE Rkl B
PP /mm  HVE/mm B /mm
1 60.39 60.44 54.84
2 40.44 54.86 36.81
3 29.94 52.45 26.89
4 24.33 51.46 20.78
5 21.66 51.13 17.15
6 19.78 50.89 14.91
7 18.41 50.50 13.54
8 17.41 50.21 12.78
9 16.65 48.75 12.09
10 15.92 31.89 11.44
11 15.21 31.21 10.86
12 14.63 30.01 10.31
13 14.07 29.46 9.75
14 13.59 28.16 9.21
15 13.12 28.01 8.70
16 12.73 27.76 8.21
17 12.36 27.04 7.74
18 12.02 26.88 7.37
19 11.69 25.13 7.01
20 11.38 24.87 6.65

5 #5i%(Conclusions)
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