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Commedtm to Kuranmsts models (C@xev\ )D“’i‘; M‘H—"B
Kuramoto model https://en.wikipedia.org/wiki/Kuramoto_model

From Wikipedia, the free encyclopedia

The Kuramoto model (or Kuramoto—-Daido model), first proposed by Yoshiki Kuramoto (&4 iz,
Kuramoto Yoshiki),['112] is a mathematical model used to describe synchronization. More specifically, it is a
model for the behavior of a large set of coupled oscillators.[l4] Its formulation was motivated by the behavior
of systems of chemical and biological oscillators, and it has found widespread applications in areas such as
neurosciencelPl6ll71i8] and oscillating flame dynamics.[¥Il'% Kuramoto was quite surprised when the behavior
of some physical systems, namely coupled arrays of Josephson junctions, followed his model.['"]

The model makes several assumptions, including that there is weak coupling, that the oscillators are
identical or nearly identical, and that interactions depend sinusoidally on the phase difference between each

pair of objects.

br G, we \mve.*L'- %l\m\»\s <7s’k~v\1 \\6 {é\: i‘“ i.jeE‘I.

d9
Z a;jsin(0; —0;) fori=0,...,n
JENG(3)

%ge«&rgm*b O amd making aclomge (uwso e Gived

— (T z\ . ...



JENG(3)

Then(nsis Crem Adet): Tl wmdoensf ded U slns o e sy
ffk ‘7)"‘“‘““‘ s oot /wos+ e Q“N*"‘\.‘%"“ ke ‘E?@. .

CD‘I\V\'{ c.‘\'\\IV\'\‘o E‘ATL\GF\;M: é
y 7/°.

‘FC-;\S a \,}é{\u ‘o\\({'b\g‘ '1.9.) Cony \,‘)"')\“"3- s:’l\ \"‘:AL

Feus /{\ Bl annd Shm\z( ':M\ﬁ\\‘ '(l,\,é\ & Q16 OmnecE)

i\ \'\’.-Pq(\’lf\?} = ;,:80 »\: t.“ - QU\_ Sonnt ‘/?;€7L20 Oﬂ\k
420 T (Y e

* .
(S |1 Tt Eldod K ’*‘é“‘“&\?@'

(

_rl\m (l'\?:\o\g\f:-xmv\'\l \? G 1S (4&\0;)(.\\1'@ ) \ ,C,\'ﬂ.-. A“A«YG‘ W '\Sﬁ 6Q(’;\H9P°\V\
XS \N\'\f‘\u ?.\T\'o‘)- !

Thn(K): P eenivt = o S

o

3. ? va\'nxﬁ o ‘-QS\,\\mr wn iweed
-V @q ¢

T -

Tl\vw ( l’l\y\s\"‘ BYM" \30 M 0y IJ\ ' Jm\c‘F

—_ B '\":MS"




Ta L:(\A '/\)(L\U—t o\veas\ﬂk 'Qﬂcj g‘{"\a‘*\ﬂ* ,@ ?c, 3¢ "w\\or'k '\V
tuby Fecd oo 4 To ™ ots G

Due go& '.
(@) ﬂ"é Q«Jh og /\)e, :

L
S D o N = 6w connedied ) Tomn
(*%“\V‘“‘\‘S)Dm\cﬁlm&m\(l‘) | T’aﬂ'x‘ KE ?ca ot ,&“ﬂ chm
Sy =+
" €V(5)
W QI\L-??, s halwed WP w Q_S: st oA

)& weEy [t

ed ) The clyprinduah eboae W &=
"5 o ek CO"W\-QdQ_}\ sgavm‘mb b

46
, )
é_,‘ N(KV\\:D\ ~D\, \,)\,\,.’7 A\A\’ V\b\“ﬁ"}Q 9“\9‘:}\/’\
Y_ﬁl ‘W\XM&D a 0-\ l«\wQav:l} (/XY}‘_S ¥ NINY 9‘(&\30 -Qlf\bekw"\l
S\<(2\‘-\ Lo Lé)\c- ﬂ\u*m ’“A Q,\Ars&v\u Ee shsha(?

0 Uk wight weeped e Sk mondbae be’

q04c- 29



Q L’\nf( M«SL'\' wibx]\c?k e ek nuambes™ be

0!

polytope count

iy
o
L

M Fdh (,ovw\c

Qe g o

DY CH e o

Q'l’if .

700 -

600 -

500

400 A

300 -

200 -

100 A

A £?<fwvw7~\au / we W\“jr
Mo -Q«‘-AU ‘n\\ﬁ\'\ Pt“ {4\
a covw\eEhA G :

2000 2500 3000 3500

number of facets

1500

FIGURE 2. Histogra N(G) for 4874 connected graphs
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For n > 3, let M (n) be the number of facets of Pg where

(Ch1 VO n =2k —1, k even E":/p.-.%:_l"l’
G::<C’“VC’“ n=2k—1, kodd

Cre1VCr_1 Ve n=2k keven d >< ‘

\Ck\/Ck\/e n = 2k, k odd

Corghue (859

For any connected graph G with n vertices and n + 1 edges, we have

N(G) < M(n).
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Definition 3.11. For positive integers 'y, 29, x5 with > a; = n+ 1, let CB(x, 2, x3) denote the graph on
n vertices and n + 1 edges constructed by identifying the endpoints on three paths having x1, o, and 3
edges (respectively).

Ficure 3. CB(4,2,2)

Definition 3.12. Let x4, x5, x3 be positive integers that are eiI.her'all even or all odd.\ We define the function

F(xy, 20, x3) that first sorts the inputs so that without loss of generality @y > x> > 3, then assigns the

value
[y T €Ty
Fley,xo,23) = : y s
(22, 22, 23) Z ( j ) (%(Iz — x3) -H') (%(931 —x3) +.?)
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Theorem 3.13. The number of facets of the symmetric edge polytope for CB(xy,xo,x3) is computed as
follows.

(i) For xy,x9,x3 either all even or all odd,
N(CB(xy,2x9,x3)) = F(x1,22,73) .
(ii) For 01,09 odd, e even, and all at least 2,
N(CB(01,09,€1)) = e1F(01,09,€1 — 1) + 0102F (01 — 1,09 — 1,€7).
For ey, es even, o1 odd, and all at least 2,
N(CB(ey,e2,01)) =01 F(e1,e2,00 — 1)+ e1eaF(e; — 1,e0 — 1,07).
(iii) For ey, es even, and o1 = 1,
N(CB(ey,ea,1)) =eyeaF(eg — 1,e0 — 1,1) + N(C,, V C.,)
(iv) For ey even, o1 > 3 odd,
N(CB(ey,01,1)) =e1F(ey — 1,01,1) + 01 N(Cy, -1 V C,,)

(v) For ey even,
N(C’B(el, 1, 1)) S €1F<€1 - 1, 1, 1) + N(Ccl)
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FIGURE 1. Data from a sample of 4874 connected graphs sampled from G(11,0.45).
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FIGURE 3. Data from a sample of 1001 graphs with 11 vertices and 25 edges.
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FIGURE 5. Data from 370 graphs having 18 vertices and degree sequence

[3,3,4,4,4,4,4,4,4,

4,4,4,4,4,5,5,16, 16].
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Ficure 9. The plot shows the average local clustering and number of

facets for a sample of 192 graphs with 17 vertices and degree sequence

{3.3,3,4,4,4,4,4,4,

4,4,4,5,5,5,5,15}.
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FIGURE 11. Data from
a sample of 399 con-

nected graphs on 18 ver-

tices with degree sequence

7,7,7,7,7,7,7,7,7,7,7,7,7,7,7,7,7,7]

obtained by MCMC using
double-edge swaps.
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