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Visual stimulus Neuronal response
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Hierarchical modeling
—lIntensity proces§———

Hy. (9 E@
3

Boundary-based model  Region-based model
Non-local computation  Local computation
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Boundary-based coupled MRF model
Intensity process (brightness) neuron
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Line process (discontinuity) neuron

<— horizontal connection
— excitatory connection
inhibitory connection

=== shunting inhibition
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Region-based coupled MRF model
Intensity process (brightness) neuron

Label process neuron

O difference neuron
<— horizonta connection
— excitatory connection

inhibitory connection
=== ghunting inhibition
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Two types of coupled MRF models
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Region-based coupled MRF model with phase variable
Intensi ty process (brightness) neuron
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Label process (phase)

—O— phase difference detector
difference detector
=P (effective) shunting inhibition
<— horizontal connection

O 7. 00000000000 MRFOOO

08 000000000 4

0000000000000 0000S000000D000D0DO Y00 o0O0ODDOODOOO @O
iU LD O
00 2-000000000D00ODO0O0ODO0ODODOODODODODODOODOODDOODOODOOD
gobboooobbboooobbooaon

E(f,¢ld) = Z )*

N[ —

+ (1+W;- W) (fi — fo)?

i
2Il
R
T wew,,

n.n.
W, = (cosds,sing;), 0< ¢ <2r. (5)

0(G)00 1000 (1)ODD 10000000 wW,;0200000000000000000000
00000 ;000000000 ¢;0000000000000000 (1)0DD020000000
()00 200000000000000000O0O0UDDO0UO0OD ¢ODLDOOODOOOUDODOOODOO
0000000000000000000000000000O0000O00O (5)003000000
0000000000000 o00ooUoo0O00D (1) DoDoooOoOOoUoOO0OODDDOOoOoOooOOooOo
00000000000000000000 (5000000000000 DO000O0O0O0OOOO
goooogn

ofi
i _a_ﬁE(f’¢|d) (6)



09 00000é¢000000DOO0DOOOOODOO0ODOOOOOD fOOODODODOO

o D
ot 0,

000000000000 (9]0 83000000000

E(f, |d)- (7)

6 ODO0OU0ddOoUoooooobooboon

0000000000 2000000000000d,;00004d,;00800000000000
00n; 000000000 n; ~N(0,02) 000000000

dij = Ji]’ + Nij, c=0.1. (8)

0000 f; 00000 d; 00000 ¢;00000 00 02r00000000000000000
00090000000 ¢0 f00000000O0D0O00O0OOOOONONONODOOOOONOOOOO
0000000000000 0000000000000000j=150¢i=1500000000
00000000000000000000000000000000000¢070100000
000000000000000000000000000000O0O0OOOOOOOOOOOn (O
9(c)000 (i,5) = (21,15)0 ¢ 00000000 2r000000000000000000000
0000000000)00 1000 9¢)00000000000000000 10(a)0000000
00000000000000000000 10(b)00000000000000000000 9(c)

7



0 11: Ising00000000000000000 9 c)000OO

goobbooobboooobobuooobboobboob bbb boobbooo
gbobboooobbdoooobboooobbooobobooooono

O0000D000000 Ising0 000000000000 0O00 IsingD0OOO0OS; = +£10 2
00000000000000000 (5)0wW,;0 5 000000000000000000000
gooodoo s;00b0dib < s >0000000000000000 <s;; >000000
0-01l~0l10000000000DOOODODOODODOOOODODOODODOOODDbDOO 11D
sing00000000000000D0ODO0Y9)0000000 11000000000 O0O0O0OO
gobdboboododododododbooooob bbb oo oo ooob bbb bon
000000000 singD0 0000000000000 (D0O0DD0O0)0D0O00DO (0120000
000000000) 00000000000 s,;00000000000000000 < s >0 sy
0000000000000 000D00000D00000000Y9(c)00DDOODO0OUDOODOOD
ooooobooooboboooboboooboobbooobbooobboob oD Ooo
gobggooooooobooobboooboo b ooobuoobboobboooon
ggobooooboboooan

7 000O0O0UO0OO0OOUOO(DODOD)0DOO0

gogobobobobobbobobobobbobobobobbobboobooboboo0o0oo0o0ooooooon
gL Db Lo O
gooddooddodooooooooobbobobbobbooboobobobbbbbbooboooobLbon
goboboboobobobooobbobbobbbbbobbbbbobbbobobobooooobbobobobooon
bbb oL obooboobon
0000000000 Singer[10)000 [11]000000000000OO0O0OOOOOOOOOOO
(00000000 D0)000000 (00000000 0)0D00000000000O00O0O00O0O0
oo LoD ooO



Difference between Ising spin and XY spin (coupled oscillator)

E=-Js s, E=-J Wi W
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