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Very small percentage Non-ISN solutions (< 2%) only possible when 
surround suppression is very weak (SI < 5%). 

ISN Solution in most cases
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Assuming ̀ei< ìe, ( èe=1)
ìe> èe

General solutions in ̀subspaceResults

Both Excitatory and Inhibitory neurons are 
suppressed by surround stimuli (Ozekiet al 2009)

Inhibition-Stabilized Network(ISN)

A stable fixed point can exist on the unstable 
branch of the E nullcline (Red). The I nullcline 
(Blue) is always stable.

Introduction

Linear rate model for both 
excitatory and inhibitory neuronal 
population in1-D (similar for 2-D)

Method

Exact solution:

With the following constraints:
�‡Stability: all eigenvalues of  I-W(k) are smaller 

than 0
�‡Non-negative firing rate for all input size ̀
�‡Surround suppression: both E and I 

population have global peaks at some input 
size0<̀ RғқΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ǎǇŜŎƛŦƛŎ ǎƘŀǇŜ 
of the response curve.

Feed-forward input is 
Gaussian, center at x=0 
width ̀
It is blurred by local 
Dŀǳǎǎƛŀƴ ǎǳƳƳŀǘƛƻƴ ƻŦ ˋ0
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Surround suppression in V1 requires inhibition-stabilized network

Non-ISN ISN

Monotonic suppression with Local inhibition

Wee>1: ISN regime

ìe> èeΥ ΨaŜȄƛŎŀƴ ƘŀǘΩ

Analytic solutions assuming
�‡ The response curve has a simple shape 

(monotonic suppression)
�‡ Inhibitory connections are short-ranged 

comparing to excitatory connections

Exhaustive state space search

Networks with strong surround 
suppression tend to be 
unstable.
After introducing sparseness to 
the connectivity matrix, 
strongly surround suppressed 
neurons can be found in stable 
networks, where


