MIT Department of Brain and Cognitive Sciences
9.641J, Spring 2005 - Introduction to Neural Networks
Instructor: Professor Sebastian Seung

9.641NeuralNetworks
ProblemSet8: PCA, k-meansandRing network

(Duebeforeclasson ThursdayApr. 21)

1. Double-ringnetwork modelof a neuralintegrator
Considera network with thefollowing dynamics:

X, + %, = [W'x, + Wix, + bT]Jr
X1+ x = [Wx, + Wik, + 0]

wherex,. andx; arevectorsrepresentingheneuralactiities of theright andleft ringsrespectiely. Thesynaptic
interactionmatricesW” andW' aredefinedas:

Wi = Jo + Jacos(2m(i — j) /N — ¢)
W}, = Jo + Jacos(2m(i — j)/N + ¢)

Simulatethis network in MATLAB using N = 100 J, = —9.8/N, J> = 10/N, and¢ = «/6. Plotthe
activity fo thenetwork usingtwo barsgraphspnefor x,. andanotherfor x;. Shav thesimulationresultsfor the
following two cases:

(a) Takeb, = b, = 1.

(b) Takeb, = 1 andvarybd;. Youshouldseeatravelling pulsewheneerb; £ b,.. Plottherelationshipbetween
thevelocity of thetravelling pulseandtheinputb;.

2. Principalcomponenganalysisusingthe CBCL facedataset.

Downloadthe subsebf the CBCL facedatase(faces.mat ). Thefacesarethe columnsof the matrix. (You
cantry to visualizefacesby reshapinghe columnsof the matrix to be 19x19with thereshape command.)

(a) Usethecov commando computethe covarianceof all thefacesn faces.mat . Thenusetheeig com-
mandto find theeigervectorsandeigervalues.Sorttheeigervectorsby decreasingigervaluesanddisplay
all eigervectorsasimages(you canusethe commandmontage ). Describewhatthetop eigervectorsare
codingfor. Whatcanyou sayaboutthe eigervectorsasthe eigervaluesdecrease?

(b) Usingtheeig commands inefficientbecausé findsall the eigervectorsinsteadof justtheonesthatyou

want. Shaw thatiterating
Czr
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convergesto theprincipaleigervectorfrom almostall initial conditions.Simulateit numericallyandverify
thattheresultis the sameasthe principal eigervectorobtainedusingeig .

3. Clusteringwith K-means.

Downloadthe matlabfile calledkmeans.mat . The datato clusteris containedn the vector X andthe true
datalabelin thevectorlabel

(a) Implementthekmeansalgorithm(do notusethebuilt-in matlabfunction)andrunit onthedatawith k = 3.
How similaris theresultof your algorithmto thetruelabels?Whathappensf yousetk = 2, 4, 5? Submit
your codeandrelevantplots.
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Figurel: Data to be clustered

(b) Consider Fig. 1What wouldhappen if you were to run kmeans on this datageqlain your answer.

(c) Give exampleof datasets where kmeans has multiple local minima.
Hint: Consider a toyexampleof three points.

4, Some statistics

(a) Fortwo randomvariablesz andy, provethatthe magnitudeof the correlationis upperboundedby the
square root of the product of the second moments,

[(zy)| < V(22)V/(¥2)

Hint: Use the Cauchy-Schwaizequality.

(b) Pearson’dfamouscorrelationcoefficientr is definedasthe ratio of the covarianceto the productof the
standard deviationsShowthat the abovénequality implies that

-1<r<1

Underwhatconditionsis » = 1 or r = —1 exactly? The correlationcoefficientassessethe quality of a
least squares fit of a linear model relatingnd y



