
 

1. Cyclic Coordinate Descent 

 
The objective of this question is to write an R  function that uses cyclic coordinate 

descent to minimize the Rayleigh quotient 
 

 
 

over x . Here A  and B  are positive semidefinite matrices. As noted in the lectures, this 

effectively computes the generalized eigenvalues of A  with respect to B . 

To test your solution as you go along, I suggest you consider the following test case : 

 

 
 

 

When you finish the function you should try some other examples and include them in 

your answer. 

 

(a) Use the R  function eigen  and other R  matrix manipulations create a function 

that minimizes the the Rayleigh quotient directly. It should return the minimizing 

value of x  and the minimum value of lambda(x) . Test your function on the above 

test case. 

 

(b) Now write an R  function that uses cyclic coordinate descent to minimize the 

Rayleigh quotient. You can use the R  code in coordLS.Rmd  which is included in 

the link. It is a useful model to get you started. Of course you need to replace the 

parts in that function that specifically deal with minimizing the least squares 

function with those you write for minimizing the Rayleigh quotient. 

 

 

 
 



 
 

(c) Try your function out on a few examples to see that it works. 

 

(d) Extra Credit Question. 

In a simplistic implementation of the quadratic equation method above you would 

recompute u =Ax, v = Bx, x’Ax, and x’Bx for each coordinate upgrade. Because x’Ax = 

u’x and x’Bx = v’x this will take 2n^2 + 2n multiplications for an update, and thus 2n^3 

+ 2n^2 multiplications for a cycle. In this extra credit question you will try to do better 

than this! 

 

 



 
 

 

2. Peg Game  

This Peg Game is a fun wooden game you will always find on the table at Cracker Barrel 

restaurants in the U.S. It is based on a simple wooden board and pegs that looks like this: 

 

 
 

There are 15 holes in a triangle and (initially) 14 pegs. The colors of the pegs do not 

matter. The game is played by making 13 jumps; each jump removes one peg from the 

triangle, so at the end of 13 jumps there is one peg remaining. A jump takes a peg from a 

starting hole, over an occupied hole, to an empty finishing hole, removing the 



intermediate peg. For more information see a description in words . There are many other 

descriptions on the Internet. 

 

(a) Write an R  function that emulates the Peg Game. The function should accept as input 

the initial arrangement of the 14 pegs via the index of the location  (i.e. hole) that is 

missing a peg. It should accept a 13 x 2  matrix with rows corresponding to the moves. 

The first column should be the index of the peg that is moved and the second column 

should be the index of the peg that is removed (because of the jump). 

 

(b) Write an R  function that searches and finds a solution to the game starting with a 

corner hole vacant. 

 

(c) Extra Credit Question . Write an R  function that finds all possible solutions that 

start with a corner hole vacant and end with the remaining peg in the original vacant 

corner. 


