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and its industrial applications
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Percolation Transition

‘Percolation’, ‘Percolation Theory’, Wikipedia
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Percolation?
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Site Percolation vs  Bond Percolation
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Percolation by Bollobas et all (2009)
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Exclave? Enclave?

Exclave - A portion of a state or
district geographically separated
from the main part by surrounding
alien territory

ex) A1, A2, A3, A4, A5, E1

Enclave - A territory that is entirely
surrounded by the territory of one
other state or entity

ex) A3, D, E3, E, A4, -

‘Enclave and exclave’, Wikipedia
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NEP VS NEXxP

Eunkyu Park. "No-exclaves percolation on ER networks and its critical

behavior " M.D. Thesis (2018)
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No-enclave Model

Active Gel 0| 2| AHO|=
S| fl5t A2t Model

(@)

Sheinman, M., et al. "Anomalous discontinuity at the percolation critical point of active

© 2023. Eunkyu Park. All rights reserved. gels." Physical review letters 114.9 (2015): 098104.



Characteristics of NEP

e Critical Point Ofl= Hat g2, GCC & 37|3t Het
o =cf AC= Al He|E 4= UO{OF gt (= 2t} 8H0| Aol &[=717?)

e Dense &4Z Enclave 7t & OL=50{ 2|
Sparse 245 Enclave 7} 2 BH=014 Normal Percolation 2t H|=of| &
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No-exclave Model @

Initial State

=> Random Failure (activate, etc)
=> Exclaves

=> NExP Cluster

Tree-like graph t2H| A=
Enclave 7t &Aleh 4~ Q12

' Node State Condition
unfailed functional
Network S0[A] NEP 2} H|ot siets e it 1 randomialed | nonfunctional
; _ _ — exclaves nonfunctional
modeling ot”| &[ot4 Aleter ed T NExP | nonfunctional

Gwak, Sang-Hwan, and K-I. Goh. "No-exclaves percolation." Journal
of the Korean Physical Society 81.7 (2022): 680-687.



Characteristics of NExP

e Critical Point 0| Bio}V} QIO D,
GCC 7} 2|t) 27|0)| EE56t= p* ZA)

o NEP G| EH Z=gh BITHE A dynamics 7t EAlot= &

= Exclave 7t & Bt=0{X|,
dense & £~ Exclave 7} @ BF=0{4 normal Percolation 2} H|==5H 2!

Gwak, Sang-Hwan, and K-I. Goh. "No-exclaves percolation." Journal

of the Korean Physical Society 81.7 (2022): 680-687.
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Normal Random Percolation on Random Network

HP(z) =1-F*(1) + o F"[H)" (z))]

= {?:T} +T + + + ..
H(2) = 1 Fy"(1) + oFy"[H(2)
={0+3+ @ +Y + I +..

7 =1 - HP(1) = FP(1) - F(w)

u=1-—F7"1)+ F{"(u)

=> gc= 1/z (in site percolation)
ze= 1 (in bond percolation)

Callaway, Duncan S., et al. "Network robustness and fragility: Percolation on random
graphs." Physical review letters 85.25 (2000): 5468.

8211, "No-exclaves percolation on ER networks and its critical behavior."
ZLHAMAISIR =2 Graduate School, Korea University, 2018. M&
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No-exclave Percolation on Random Network

Legend
Mi(@) =1 - Fi1) — & (£2(D) (a) L
+$Cf1(./\/1(.’12‘)) .'L'Sl( 1( )—Nl(O)), O: 1-qk
No(z) =1 - Fo(1) — Eo(£a(1) F i} . + |0 N;
+ 2 Fo (Mi(z)) + z€o (N1 (z) — N1(0)). Shade : failed state

®=1-Ny(1) (b)
= .Fo(l) — .Fo(’u,) + 80(’LU)
—&(u—1+ Fi(1) + E(w)), q { ? - } - { + + oo

w=1-— 81(].) +81(’lU),
u=1 —fl(].) - 51(’11)) + .Fl(u)
+ & (u—1+Fi(1) + & (w)).

Gwak, Sang-Hwan, Eunkyu Park, and K-I. Goh. "No-exclaves percolation:
Uncovering hidden impact of failures in complex systems ." ongoing



No-exclave Percolation on Random Network

1
— 1 / _

17 Gl (1 —&i(u- Nl(O))) = f(9)
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0.5¢ gc = solution of f(g) =0

g*x = 1-qcof RSP = (z-1)/z
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Gwak, Sang-Hwan, Eunkyu Park, and K-I. Goh. "No-exclaves percolation:

Uncovering hidden impact of failures in complex systems ." ongoing
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Application of No-exclave Percolation

1) Ao HEE=A| E2B 40| 2ol & I
2) AHHAQA F4|7F AAL E2|F, 22| o

3) Ao AEEN UA=A|2| OfF A7 27
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Application of No-exclave Percolation - London =22 A|=2{|0|M
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Gwak, Sang-Hwan, and K-I. Goh. "No-exclaves percolation." Journal

of the Korean Physical Society 81.7 (2022): 680-687.
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Application of No-exclave Percolation - Tweet 7R A

“‘EQIE| £’ 0| CHM FIWFA 2Hato)] 2 Ag” 2017.09, KBS

EQ|E, =2XN| ZS-Alal| 2 T prA &S ZEAIsHTt 2022.05, Al EFQ A

"HAIO|'X 7i=A HLIZE="EQl £ X" 2022.05, S OFAFO| Q1A
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Application of No-exclave Percolation -



https://namu.wiki/w/2023%EB%85%84%20%EB%8C%80%ED%95%9C%EB%AF%BC%EA%B5%AD%20%EB%8B%A4%EB%B0%9C%EC%A0%81%20%ED%9D%89%EA%B8%B0%EB%82%9C%EB%8F%99%20%EC%82%AC%ED%83%9C/%EC%82%AC%EA%B1%B4%20%EB%AA%A9%EB%A1%9D

CS Connectrip
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What is key factor for Build safe, trust,
and robustness of Community?



Summary

e Unfailure node 9| finite cluster 7t & failured 2 B} = rule O] A

model O| No-exclaves Percolation Model

o H|C A ARl dynamic 7} ZAiot= Al2|0 NExP Model 2&0] 7}

o C}2 Al|S0| NExP Model € 2312 4~ S

o TR UAY S AN 22|x|T B3| FUHRI= ALY
o S 2 |9| O|Z0jlAf HOJLH= 9IS FA|5H A
{ ]

20| A2t AELA=A2] o
e Graph / Network o] 7+4 AL} 4
%

A AEIO| Dynamic Of] X|CHet H&t

© 2023. Eunkyu Park. All rights reserved.

_|

=l



Eunkyu Park
eunkyui@gmail.com
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