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Question 1

A sequence of pseudo random numbers can be generated using the recurrence relation:

xi+1 = (a ∗ xi + c) mod m

where x0 is the seed for the sequence and is often chosen as some integer representation of the current
time.

Such a sequence will have uniform probability characteristics provided the parameters a, c and m are
chosen expeditiously. For example in the software package, Numerical Recipes,

m = 232 a = 1664525 c = 1013904223

Write a C++ function that, given x0, m, a, c and n, returns a sequence of n pseudo random numbers. [5]

vector<int> rng(int seed,int m,int a,int c, int n){
int r=seed;
vector<int> rn;
for(int i=0; i<n; ++i){

r= (a * r + c) % m;
if(r<0)r=r+m;
rn.push_back(r);

};
return rn;

}
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Question 2

Construct a C++ function, decimalDigits, that given an integer n returns a list of n’s decimal digits.
For example decimalDigits(4525063) should generate the list {4, 5, 2, 5, 0, 6, 3}. [5]

vector<char> decimalDigits(int n){
vector<char> dd;
while(n > 0){

dd.push_back(char(’0’+n%10));
n=n/10;

}
vector<char> rdd=dd;
copy(dd.rbegin(),dd.rend(),rdd.begin());
return rdd;

}
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Question 3

The randomness of a sequence of pseudo random number can be tested by decomposing each number
in the sequence into a list of its decimal digits and then counting how often each of the 10 possible digits
occur. One can then produce a χ2 statistic for the pseudo random sequence as follows:

χ2 =
9∑

i=0

(Oi − Ei)2

Ei

where Oi is the observed count for decimal digit i and Ei is the expected count for decimal digit i.

Construct a C++ program that tests the randomness of the random number generator from question 1
above. You may make use of the code from questions 1 and 2 in your construction. [15]

int main() {

vector<int> myRandomNumbers;

// Numerical Recipes parameters
int m = pow(2,20);
cout << "modulus = " << m << endl;
int a = 1664525;
cout << "multiplier = " << a << endl;
int c = 1013904223;
cout << "increment = " << c << endl;

// get seed from current time
int s = time(NULL) % m;
cout << "seed = " << s << endl;

// generate random sequence
myRandomNumbers = rng(s,m,a,c,10000);
copy(myRandomNumbers.begin(),myRandomNumbers.end(),

ostream_iterator<int>(cout, "\n"));

// testing the rng
map<char,int> myDigitCounts;
for(int i=0; i<myRandomNumbers.size(); ++i){

vector<char> decDigs=decimalDigits(myRandomNumbers[i]);
for(int j=0; j<decDigs.size(); ++j){

++myDigitCounts[decDigs[j]];
}

}
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double myTotal=0;
for(map<char,int>::iterator mitr=myDigitCounts.begin();

mitr!=myDigitCounts.end(); ++mitr){
cout << mitr->first << " = " << mitr->second << endl;
myTotal += mitr->second;

}
cout << endl;
double myExpected = myTotal / 10.0;
double myChiSquare = 0.0;
for(map<char,int>::iterator mitr=myDigitCounts.begin();

mitr!=myDigitCounts.end(); ++mitr){
myChiSquare += pow(mitr->second-myExpected,2);

}
myChiSquare = myChiSquare / myExpected;
cout << "chiSquare for decimal digits = " <<

myChiSquare << endl << endl;

return 0;
}
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Question 4

Construct a C++ function that, given a string representing a valid filePath to a text, makes use of
map<char, int> from the Standard Template Library to compute and return the most commonly used
alphabetic character in the text. [10]

char mostCommonChar(string filePath){

// load the file into vector of chars
ifstream book(filePath);
vector<char> chars;
copy(istream_iterator<char>(book), istream_iterator<char>(),

inserter(chars, chars.begin()));

// throw away non-alpha chars
chars.erase(remove_if(chars.begin(), chars.end(), IsNotAlpha),
chars.end());

// convert remainder to lower case
transform(chars.begin(), chars.end(), chars.begin(), ::tolower);

// count occurence of each lower case letter using map
map<char,int> cMap;
for (int i=0; i<chars.size(); ++i) {

++cMap[chars[i]];
};

// mind char with max count
int max = cMap[’a’];
char best = ’a’;
for (map<char,int>::iterator mi = cMap.begin(); mi != cMap.end(); ++ mi ) {

if (mi->second > max) {
max = mi->second;
best = mi->first;

};
};

// return most pop char
return best;

}
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Question 5

Suppose that m tokens are arranged in a circle and are enscribed clockwise with the itegers 1 to m. Starting
with token number 1 and counting each token in turn around the circle every kth token is removed from
the circle. After m− 1 removals have been carried out there is only one token left. Denote the number on
this token by P (m, k).

For example to compute P (6, 3) consider the following sequence of removals:

1 1 1 1 1 1
6 2 6 2 X 2 X 2 X X X X
5 3 5 X 5 X 5 X 5 X X X
4 4 4 X X X

So P (6, 3) = 1.

Write a C++ function that computes P (m, k) for strictly positive integers m and k. [15]

int pFunc(int m, int k){
deque<int> dq;
for(int i=1; i<=m; ++i){

dq.push_back(i);
}
while(dq.size()>1){

for(int j=1; j<k; ++j){
int t=dq.front();
dq.pop_front();
dq.push_back(t);

}
dq.pop_front();
}
return dq.front();

}
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vector API
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STL algorithms
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