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1. Capacityof theHopfield Model.
Considerthe Hopfieldmodel,usinga sequentialipdate given by
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wheres € {—1,1}". (Sequentialpdatemeansghatthe neuronsareupdatedoneat a time, typically in random
order)

Onedefinition of the capacityof the Hopfield modelis the numberof patternghat canbe storedwheresome
smallfraction(P,,. < 0.01) of thebitsarecorrupted.Usingthis definition,the capacityof theoriginal Hopfield
modelis approximately0.14 N for large N, where N is the numberof unitsin the network. In this problem,
we will validatethis capacityusinga simpleMATLAB simulation,andthenuseour simulationto comparethe
capacitieof original Hopfieldmodelwith the capacitieof a network storingsparsepatternsusing{0, 1} units.

(@) ConstructP random{—1, 1} patterns£?, ..., ¢, eachof size N. Find W usingthe prescriptiongiven
above.

We investigatethe capacityby checkingif eachof the storedpatternsare actually steadystatesof the
system.Theweightupdatefrom a storedpattern{” canbewritten as:
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We wouldlike s; to equal¢!, but our steadystatecould be corruptedby the zero-mearcrosstalkerm. To
visualizethis in MATLAB, collectthetermszj W;;&; for all i andall p andmale a histogramof the
results.To getaniceplot, useN = 1000 and50 binsinsteadof MATLAB’ s default of 10.

Submityour matlabcodeandplotsfor P = 100, 200, and140 (theknown capacityfor N — oc). Describe
in wordshow the shapeof the histogramchangesaswe changeP, andhow thisimpactsthe capacity

2. Storingbinary patternsusingthe covariancerule.

In this problem,we will considera sparsenetwork. This meanghatinsteadof the{—1, 1} network usedin the
previous problem,we will use{0, 1} units. The patternghatwe wish to storearerandomwith eachbit having
probability f of beinga 1. We areinterestedn thecasewheref is small.

Thenetwork is definedby the covariancerule:
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with the discrete dynamics:
v =H() Wiz, —6;)
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where His the Heaviside function (u) = 1 if u > 0, otherwise Hu) = 0.

(a) Show that for large Nand small fthe suij Wi;€; can be separated intg @nd a crosstalk term.
(b) Show that this crosstallerm has zero mean.

(c) ConstructP random{0, 1} patternseachof size N, usingf astheprobabilityof a1l bit. Plotthehistogram
of Zj Wijg;f as in part aExperiment withP to estimate the capacifgr N = 1000 and f= 0.05.
(d) According to your simulationgyhat value of the threshold #naximizes the capacity?

(e) Onepublishedresultestimateghe capacityof the sparsenetworkas P = m. How well doesthis

guantity compare to your resulfest this by varying Nand f)?

3. Storing binary patternssing another rule.
As in the previous problenmwe will consider a network witH0, 1} units but with a differentule:
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with the discrete dynamics:
Ty = H(Z Wijl‘j - 91)
J
(a) Repeat (a)-(d) from thprevious problem using this network.
(b) Extra credit:Derive anexpression for the capacity P in terms of N and f.

4. Compare the capacitied the 3 networks considered.



