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H Ao A=

24§20 e 9 A 2AS o3t

YEA2) o] Bk o] 222l A Ao

MO AL Mooty

(b) Alignment

231 2 ¥S 2UO| MK 2|

(a) Separation (c) Cohesion

Reynolds+ #2908 A}, Ei17], A &
(flock)oll ch3t & wEs wEal 4%3 ool ds &
6‘H T FAYE 2ol Aow 4o &A1Y

= (1E DI 22 A7k delE E}ED% ol &l w4 ¢t

O} 7t WA= AA19] 19 & AN A4RITL HS
A7l Qe &, & o(separatlon)" ZF 7HA7E = A AE
I} AR gola] U 1H4E fAlsk = AEE Sulsid, A
24 (alignment)> 7+ 7H5<ﬂ7 =8 7HAE9 ol ko] Bt
1

o= 2Rl o) Wake AAstee AdS Avisi, 2

_

X]Zo: m]q 7+ O 2]

A(cohesion) 7 AL 1 AAST YR HojA|A] ke
2 2419 9132 2 NS B YA o EAIHE A
4 ofolate}, ojn) 20 AAEL ANE 7ke] Ba)Hel )

o} 7} 7] Alofzto] et A Em] Q14JE|%] ol thi o)
Ao AtolA] Aolelct, ole} ke A7 Hof ol 23]
0] 7 A AAle] QAo S 2 A5 $i7je} &
9] agroll YT, Alko] AU o] 5.8 Al Fol 11

& TrABIEA e SR FoA " &, 4 S Tt

2. Peskin?| HIfE XA MZ D

Peskin& A%} 8224 A3 (cardiac pacemaker cel)E =
A719F Aoke] W e FASkelSI8], o] A7]dee
Ll ol Yebd At o] gkl Al A4S whef s
], Aol HA(threshold)oll thrk=w A (fire)etth, o %

A o] £2) Ak A 1 W, ol

=
Peskin® A& ¥ AR 0]2F

Pacemaker Fire Fire
cell’s ——-—Threshold

voltage

e
Time

0212 A WELH

M= 2

YESAR ol stk A7He WEA 5 A HEA)
A9} A S x s TRE 3} o) mele) et

%=S0—7xl., 0<x <l i=L- N (O
A7 A = 2 ] Foll BA S y= 2AE(dissipation)
S vehdlinh, A AsAbs x = 1Y o Wkl x, =002

[e]
5.0
=

o}, X‘EXFO o] ofsf Mz

T AEAL A olF X T AEAEE I A=
(coupling strength) & BHE AHeto] L7l A2E YolA
A Elo, ofeh 22 g A v o] dEH.

x,)=1 - x;(t")=min(L,x, () +&) Vji#i (2

Peskin- E—E— { } }Eﬂ—ou;‘(z 7o

ﬂoi Atk 7W 5}01] 7V e
5

3. Strogatz®| Pulse—Coupled Oscillator 22!

Strogatz= % FAMS WSy 72+ /jHE HAz ofF
¥ %5 AH(Pulse—Coupled Oscillator; PCO)Z 2] s} ct
[9]. PCO= Utoll AAIE Skt 74w el F=7]of whet 2
25 WA AsAkE Afole] Htols af thE sAt
FE O HAS A 4 Qe = S AR E A

fu

threshold

J2 3. PCOS| oA =7|5F o
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O A= 1 A Cupdaces Ty A2 AR EIL & wololo|E Blali 2alH o s Aukst Zolz} 7Rssi)
bpae = (SO + ) (3)  Kuramoto 292 ¢313] 1@ (fully—connected) YEHA

oA Kgko] T-s] & 7ol delel 2713kl disiA 25
= 45He 0.5 (concave) 81 Sp] 27}k o -t % SRitH14], SRR AR A Fapare] 2jo) 7} of s o]
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weh 914 U} e ol 5. Cucker-Smale?| E2Z 2
Strogatzt= Peskin®] & 7119] g3} HdlS N7z dutkst Cucker?} Smaled 50| el Ao L= Y& o2t 7+
gt B ZEAt wdstn] AR A=l Jtk= 7Hgste] o] eehA o mulE] SEGItH16).
A Qlefe] 2713kl M e N ] RlgAbs @4 57171 LAsH
& S8kl kAN PCO el A1 oA .
oL} HAO] F4=al o] EAS whi= 577} o] Fo| XA o ol7]o A xoF v 212 A A fIxIet S E UrEPth
2-0] gkl & QI rH10], = AA A A, = A 2 ATEY AL v F A
7te) ArlE g o & dhop F4l M9)E UEhl= %L—}FO]E}. o
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4. Kuramoto®| HHGI=0]| me 2 Sol, 7} A7k 9% Ae) el Qi o) 5] Ak o
) ) = ek Lxx; | <1 Q1 ZA9-olli= p=10] =L o]€lefli= w=0
KuraI:OtO AF ;EH‘S—;X‘;]%:?O ojii/\gj:zaﬂ%ﬂ:;%i‘ o] "c}, o]} 2o Cucker—Smale?d] =7 ©E2 7k A7}
SRS el A4 ol AR SEUKL o 0 o) sol on s 458 B
7Hgsto] HiSlEolo] s Al that o] mdllw sieitk A8 LRl 719.2 Reynolds®] 24 415 wele] alal el
[11[12113]. ol 5 2 9}
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. N ' (path loss)o] 72jofl Rhaleste] EAfsh= AREAQl y ok
oA7IoNM Oz 2 WA e e, o= 2 HAIQ disiA] F2 20 SEHIG)LT]. Eak 4] (5)of oJst 47 F
I FE, Ke 2999 A7E LPE}LH‘% 718k ol & e 271 S o] Fato] HH, 9 Al 2+ 7iA|19) $1A]
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sin(6;-60] oIzt HBHEE S5 Akl Shol skt 4 L
7131 Aol (17 Ayt gol WE 2] o] olA ve=limy, () = -3 vi(0), for Vi ©
£27} b,
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(a) Initial state

(b) After convergence
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12! 5, Cucker—-Smale 227 Z2l0] = 3XH
37|38 et

6. Olfati—Saber2| ZAMIMA DE|

th% o o] HE (multi—agent) YEYAL} 2 E2(dy-
namic) A|AFOA = S 22 ou|R A Ak §of
& AHERITHIS]. A A 7t ofo] A ES] Adfo] S)&st=
ojwgh gho] A= UATHE ofulgict, ML Yare]Ee A
AN 25 918l 2t ollo]HET} gdle 1f 2
SR AMA LS Sare|Ee AR AAEIS] e ALAhE
o ckAIZoll whet Tt o] s E L,

xi'(t)z zaij(xj(t)_xi(t)) ®)

JeN,

x,(k+1)=x,(k)+e ) a,(x, (k) ~x,(k) ()

JeN;

x(k +1)=Px(k) (12)

74 | BE2 §A

o}7]o) 4 3 L& Laplacian, PE Perronole} 22w, o]
> UEYA Bz wel A4 E= Fhold}, ofuf Al
A darelte) Y Sl Y Lo F MR 2R Al
(eigenvalue)¥} Y9 PO| = HAZ & 1{-gfo] 2JEste] 24

= 18],

AE7HA] Al 2] U Aol ARdA = A
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BV} ol leBo] ks ol gsto] Al ARE AlE7
Z8ATehz Y MRt ol of Al e vk ¥
Ei7F o QAT e gk 276ke] Bete 2 wds 24
& 4= ke Al A 929 Hat(local average) HilelE
o] 71 Bl B AkaeiFolat o 4 e oloh 2 B
2 e O 63 o] YdeEs 7Rl sk AlagloR
ER LR

————— Input -~ Output -

Number of nodes ——»
Initial values _._>

i Network topology ~—>
{ Coupling strength ——»|
: Delay —»,
Noise =/

Nature-inspired —> Convergence existence

synchronization
algorithm
(e.g., local average)

!
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—» Convergence value
!

—> Convergence speed
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Ho] AlRk=]SIeH19][20]. Tt Al HIE
PCO mdlg Agato] . o upE 7] 452 A8k,
£} 5 0] Egfo] =@ x(tradeoff)ol whet
Yatoiet21]. o5 ol=E UEYAA =& Hix]
oF o]544S o]gato] HelH EYA k] ARt 715 W
= 7|Ho] AlRkE|QleH22], th4re] e Evh AR ohE Nk 1
T8 2= w4 vIEYAA thg ke %*“ E & sl 23t
713t 719

70| Strogatz2]
A0 H

7) 1) AR HEIES o §3F HAF

o] AlFEIATH23]. ok&E] EZE AR 2|<lo] ‘ﬂe“”Ob— 2
A= A o2 FAAR AR F718) ol Al
ATH15][24]

2. Desynchronization

A
o

A

]
=

10]

)

Desynchronization (DESYNC)-S AExls 248 A
O 8 peHA Hee ke HHE AR 7t de
A A BHe= Aol &, B2 A AfolE
SHA We= Aom, w20 tidol A gk Aol Sl A
oftet k=t 1A Afolof| qlth, A7k o]HIE S DESYNCE
Q8 PCO &9 7]8te] EAF DESYNC &are]&o] Aot ik
[25][26]. (T T} 3o 7} Zg Ak ARAle) WA vEE o)A

mlm i
A g &
o @ 4o

rlr
\1

Initial B’s local
state view

12! 7. DESYNC ¥12|&

DESYNC
(TDMA) 2A|1ZHol Agsto gy H& 5 glo] HAatdow
A 35| dgsl= round—robin 2A|E Y HHAlo] Aok
= IeH25](26]. ©] DESYNC 7]5ke] TDMA AAIEHS 2
Sl A =o AueS Aoy, AAEY Aadde] e

¢F112]2-S Time Division Multiple Access

glof Alo ems| =7} WAEkA] o=tt, E]F DESYNC
] VIEQIA0] A85to] L7t QJol& zIQletA L o]Es
Aol wr wE7t Ad A S fEAH0E 28
s A?ﬂ%ﬂ‘ Ho] ASFE]ITH27]. ok&d DESYNC ¥l
= o] FEhe 85 FoEM H
-4 (proportlonal fair) 271E9& 7101 THEITH28).,

E! —

El

3. M HIE

A HEY oA 2 Bl Al HHg %OJOM 5
T st} @] Ak Akt 5
HO| AL B A AHERS o]
B 7t S7FESE Adslor shs Al AR HEs 5
o YEYS SRolA A AR o] 6 e

HIML| Eit 7

oh A4 Y FAL o] MM mEvh B RO o)
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Kamar) TS 5] S1o) A Mgl &
o8 Bikg Foh kel whilo] AXEIAeH29]30], ®

Al

3 YEYA =7t AMAAE S8 Hohe 6k ijos
419 least—squares estimator (LSE)7} A|¢F=]icH 1], AlA]
JEO) Wit Hrp a8 0= ALk Q8 M=z AYE
A9 1 F A A HE 7 Ak Qe 82],

4 WE SZE i3t HEYT A7

1A By R dae)E v dAlteration)o] T &
sto] Hol= 9 S Q71 Algto] AQ. 5T olefek
e =5ob7] ffof we w325 o1F7] fgt Ve A4 &
A7y 2 55 EA =i [33]ellAle 72 Aibnie) Bt
& F o FelAle 7 Al (weight) 5 7HHst0] F2 Yale]
9 7H Ak £ole A AskSITh v A WA
O & 7 A AGAIZ|AL YEY A EERAE o2 4%
O H Hoh W 525 oFo] W Wete] e Sl [34]
[35]. X HEY A EEZRA0A 2199 lnEss AAZs)

(rewiring) o2 2 A (small-world) HEHTE Tt

(a) Regular network topology (b) State evolution of regular network

°
state

"4 08 06 04 02 0 02 04 06 08 1 0 50 100 150
time (sec)

() Small-world network topology (d) State evolution of small-world network

a8 8 it HEAI &2

T Epep
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A A %(swarm intelligence)2 HH5lo] Particle Swarm
Optimization (PSO) ¥ Ant Colony Optimization (ACO)Z}
-2 TRk HlEkfre] 2 (metaheuristic) 2213} o] Aot

QATH40], olefet A5} 7|2 b off ¥k oheo] 1}
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N
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