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library (matrixcalc) # this library allows us to compute the power of matrices
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# Definitions of the transition matrices #
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# Wl is the matrix for unary moves, W2 for binary moves

Wi<-

matrix (data=c(1,/2,1/2,0,0,0,1/8,1/2,3/8,0,0,0,1/4,1/2,1/4,0,0,0,3/8,1/2,1/8,0,0,0,1/2,1/2)
nrow=5, ncol=5, byrow=TRUE)

W2<-matrix (data=c(1/4,1/2,1/4, 0, 0, 1/8, 3/8, 3/8, 1/8, 0, 1/24, 1/4, 10/24,

6/24, 1/24, 0, 1/8, 3/8, 3/8, 1/8, 0, 0, 1/4, 1/2, 1/4), nrow=5, ncol=5,

byrow=TRUE)

Wl2<-matrix.power (Wl,2) #2-nd power of the matrix Wl
Wl2

SRS AL A E AL
#Expected value

k0<-0

Wli<-matrix (0,nrow=5, ncol=5) #initialization of the i-th power of the matrix
W1l
W2i<-matrix (0, nrow=5, ncol=5) #initialization of the i-th power of the matrix
W2
Meanl<-rep (0, times=30) # initialization of the mean E(Yt) in the case of unary
moves
Mean2<-rep (0, times=30) # initialization of the mean E(Yt) in the case of
binary moves
# for-cycles for the mean of Yt, that is the occupation number (number of
balls on the Left urn) after t steps
# unary moves
for (i in 1:30){

Wli<-matrix.power (W1, 1)

Meanl [1]<-0*W1i[kO+1,1]+1*W1li[kO0+1,2]+2*W1li[k0+1,3]1+3*W1li[k0+1,4]+4*W1i[k0+1,5]
}
# binary moves
for (i in 1:30){

W2i<-matrix.power (W2,1)

Mean2 [1]<-0*W2i[k0+1,1]1+1*W21i[k0+1,2]+2*W21i[k0+1,3]1+3*W2i[k0+1,4]1+4*W21[k0+1,5]
}
# now we plot the results
k<-seq(0,30,1)
plot (k,c(k0,Meanl), type="p", xlab="t", ylab="E(Yt)", main="Time-evolution of
the expected value")
points (k, c(k0,Mean2), type="p", pch=3)
legend (cex=1, "bottomright", c("Unary moves", "Binary moves"), pch=c(1,3))
# in both cases, the expected value tends to 2

#Approach to the equilibrium (Binomial formula (19) of scalas3)

Winf<-

matrix (data=c(l/16,1/16,1/16,1/16,1/16,1/4,1/4,1/4,1/4,1/4,3/8,3/8,3/8,3/8,3/8,1/4,1/4,1/4
nrow=5, ncol=5, byrow=FALSE)

#sufficient time t such that the power t of W2 and Winf are equal up to 3

digit precision



#by considering the maximum value of the entries given by the difference of
the matrix W2"t ans Winf
#we stop when this maximum value is 0.0000 ***with a non-zero value at the
fifth position after the dot.
for (i in 1:15){

W2i<-matrix.power (W2,1)

print (max (abs (W2i-Winf)))
}



