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Convergence rate of average agreement problem

in Activity-Driven network”

Junpei Tagawa

Abstract

Today, multi agent systems exist in various fields such as formation flights and
sensor networks. One of the important control problems for multi agent systems
is agreement problem. In the agreement problem, all agents aim to coincide
with specific state variables through local interaction and analyze convergence
values and convergence speed leading to coincidence. These agreement problems
have been studied for static network models based on actual networks at a
certain point of time and dynamic models given probabilities for adjacency
relationships. However, in order to represent real networks such as transport
networks and human relationships, it is important to use a dynamic network
model in which the adjacency relationship between nodes changes as actual
time changes. It is also important to use a network model in which the nodes
themselves form adjacency relationships. Therefore, in this paper, we consider
an agreement problem using a network model called activity - driven network, in
which the adjacency relationship of each node changes with time. In particular,
in this paper, convergence performance is examined by calculating the upper
bound of the convergence rate of activity - driven network. Therefore, we
show that it is difficult to calculate the convergence performance analysis of the
activity-driven network using the conventional method and focus on the fact
that the real network is sparse, and at most one node is adjacent. We propose a
sparse activity-driven network. Along with that, we propose a method to prove

regularity to the structure of sparse activity-driven network and to facilitate

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
Nara Institute of Science and Technology
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convergence performance analysis.

We also propose a convergence performance analysis method using a simplicial
activity-driven network, which is suitable for expressing many biological and
social systems including coauthor relation.

Finally, we perform simulation using both models and compare with the true
convergence rate of both models and consider parameters that contribute to the

convergence rate.
Keywords:

agreement problem, temporal network, multi agent system
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[E[Dk]“:Z{azxnn_ll+aJ (@ x ) x (ag % Tl)}
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{Gr}2, % activity-driven v F 7 —7 &§ 5%, A3k, activity-driven % v
7 — 3RO T YR IV 3y P =7 BTV DT, RO T v R v
v b7 =27 {Gt) h>o ZATD LI ITED 5,
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ZDLE, FHMDRE z;(t) € ROEHANL, X (1) BLXOA (12) 205
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N xt)=[ry - x,]", FYMTI=0 GH) DT T 77777 vE LY ET
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P A4E BHE activity-driven XY k7 —2

Affi Tl activity-driven % v b7 — 27 D3 TH 255D FHEEIA ST I 7 R
DWHENZEE 2 5§ 5, AEANDOICREZ, B2 G RE 2T D [ iE 2 H
WTEPSEIHEiTCE S 2 E2RT.

4.1 FERIL
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3) LELDOFIEZ#ED KT,
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2EZDH, TOLE, BEBREOY Y T 2, = o/ (KAL) 13
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SEBH 2. T=2At £33, fFEDLE>0ICNLT, UTOXIICHRZERTS !
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9% Liy £3%. §5&, mEOEMOBENED (" 1B HBZ Lhb,

Al =] e TR (38)

[E[e*TL;@'
NeNn,; ( m )

WO LD EDBO» 5,
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o TLhin — D Om+1,n—m—1
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% 5% Simplicial activity-driven ®Y k7 —%

5.1 Simplicial activity-driven v k77— Q&

Z 2T, activity-driven % v P 7 =27 23R BTE LR WL ) BRSO WTE
25, P2 XOHED S LT 2 HFFHRERICE VTR, EE2EOMNICE
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5.2 BRE Simplicial activity-driven % k7 —2 Q&

HiE & [FAkkIC, BfiZ Simplicial activity-driven v b7 — 27 I1ZB L TR DOER
NP A/RVASH

EBE 4. 20 Zzhoi=1,...,n IR LTI M, e R 2L TD X H I LTE
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m(m+ 1)1 —(m+ D) 01, (46)
k—1
—(m A D)y Ly + O g O
Om Om,n—m—l On—m—l

BRD IO ERFTCENTES, R (46) DAL BN 2750 L Ak, 751
R e~ TLN % 71y 2 175
Nll N12 N13

_TL
e "N = |Nyy Nag Nag
N3i N3y Ns3

& LT%@A Fay (46) 1%, N13, Ngg, N31, N32 ﬁSQ??§UT‘35% ¢t %%’%%-’9"% N33
GBI L 75 2 & b s, £, (TAHERBIROEH ER (46) X KA

e -
Nyt =1 _ ( (m+1)T 1)
11 +Z 1 e
N m—+1 ’
& (A AT (T
Nig = Z I
hll (47)
m—+1 ’
k
R
Nag = I, + Z 7 (=T)k
k=1
—(m+1)T __ 1 -T _ 1
_T e e
=1, -, +—J, — .
e ) m(m + 1) m

BE&D, 1751

me~(MmTHT 41 1—e—(m+1)T ]1—|—
D= m+1 m—+1 m
Im

1—e—(m+DT -T m+e_(m+1)T—(m—|—1)e_T
m-1 ﬂ'm € Im + m(m-+1)

RO TREBEEBITI e TN %
o TLhin — D Om+1,n—m—1
O

n—m—1m+1 In—m—l

27



ERTIENVTE S,
DEOEmEEEOEM ¢ ELFEN € My ~E—Mbd 2% &, HEREKITS
e Thin ZPYTDEIICRDBEZENTEL : TRTDE=1,...,nlZDO0T

r _ o= (m+1)T
L_m—e ) k=i,
m+1
e Tl ]y ={ p Mt e” DT — (m + 1>6_T, keN, (48)
m(m + 1)
1, otherwise;
TRTDEL D (k1) 1220 T
( 1 _ e_(m+1)T
l—e k. l}y € & n,
m+1 ’ U £} € B
_ ) —(m+1)T -T
[e TLiN ]y = m+ e~ ("TOT — (m 4 1)e , keNandl e N, (49)
m(m+ 1)
o, otherwise.
R (45), (48), (49) £, Ele "0 A)] = M; B9k D 20, Zhe s (36), (15) &
DI (44) DME SN, -

28



6.1 Activity-driven Y F7—2I1CDWT
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6.2 Simplicial activity-driven Y K7 —27CDWT
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