Dynamic Programming

We have looked at several algorithmsthat involverecursion. In
some situations, these algorithms solve fairly difficult problems
efficiently, but in other cases they are inefficient because they
recalculate certain function values many times. The example
given in thetext isthe fibonacci example. Recursively we have:

public static int fibrec(int n) {

if (n<2)
return n;
else
return fibrec(n-1)+fibrec(n-2);
}

The problem here is that lots and lots of calls to Fib(1) and
Fib(0) are made. It would be nice if we only made those
method calls once, then ssmply used those values as necessary.
In fact, if | asked you to compute the 10th Fibonacci number,
you would never do it using the recursive steps above. I nstead,
you'd start making a chart:

Fi=1,F,=1,F3=2,F4,=3,Fs=5Fs=8,F;=13, Fg =21, Fg =
34, F1o = 55.

First you calculate F; by adding F; and F,, then F,4, by adding
Fs; and F,, etc.

The idea of dynamic programming is to avoid making
redundant method calls. Instead, one should store the answers
to all necessary method callsin memory and ssimply look these
up as necessary.



Using thisidea, we can code up a dynamic programming
solution to the Fibonacci number question that isfar more
efficient than therecursive version:

public static int fib(int n) {

int[] fibonumbers = new int[n+1];
fibnumber 4 0] = 0;
fionumberdg[1] = 1;

for (inti=2; i<n+1;i++)
fibnumber g[i] = fibnumber gi-1]+fibnumber §i-2];

return fibnumber gn];

}

The only requirement this program has that the recursive one
doesn't is the space requirement of an entire array of values.
(But, if you think about it carefully, at a particular moment in
time while the recursive program is running, it has at least n
recursive calls in the middle of execution all at once. The
amount of memory necessary to simultaneously keep track of
each of these is in fact at least as much as the memory the
array we are using above needs.)

Usually however, a dynamic programming algorithm presents
a time-space trade off. More space is used to store values, but
lesstimeis spent because these values can be looked up.

Can we do even better (with respect to memory) with our
Fibonacci method above? What numbers do we really have to
keep track of all thetime?



public static int fib(int n) {

int fibfirst = 0;
int fibsecond = 1;

for (int i=2; i<n+1;i++) {
fibsecond = fibfir st+fibsecond;
fibfirst = fibsecond - fibfirst:

}

return fibsecond:

}

S0 here, we calculate the nth Fibonacci number in linear time
(assuming that the additions are constant time, which is
actually not a great assumption) and use very little extra
stor age.

To see an illustration of the difference in speed, | wrote a short
main to test this:

public static void main(String[] args) {

long start = System.currentTimeMillis();
System.out.printIn(* Fib 30 =" +fib(30));
long mid = System.currentTimeMillis();
System.out.printin(" Fib 30 =" +fibrec(30));
long end = System.currentTimeMillis();

System.out.printin(" Fib Iter Time="+(mid-start));
System.out.printIn(" Fib Rec Time =" +(end-mid));
}

/[ Output:
/[l Fib lter Time=4
/I Fib Rec Time = 258



L ongest Common Subsequence Problem

The problem isto find the longest common subsequence in two
given strings. A subsequence of a string is simply some subset
of the lettersin the whole string in the order they appear in the
string. In order to denote a subsequence, you could simply
denote each array index of the string you wanted to include in
the subsequence. For example, given the string
"GOODMORNING", the subsequence that corresponds to
array indexes 1, 3,5, and 6is" ODOR."

Hereisthebasicidea behind solving the problem:

If the initial characters of both strings sl and s2 match, then
the LCS will be one plus the LCS of both of the rest of the
strings.

If theinitial charactersof both stringsdo NOT match, then the
L CSwill be one of two options:

1) The LCS of x and the rest of y (not including the first
character.)
2) The LCS of y and the rest of x (not including the first
character.)

Thus, in this case we will simply take the maximum of these
two values. Let's examine the code for both the recursive
solution to L CS and the dynamic programming solution:
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/l The method below solves the longest common subsequence
/l problem recursively.
import java.io.*;

public classLCS{

// Precondition: Both x and y are non-empty strings.
public static int lcsrec(String x, String y) {

/Il 1T one of the strings has one character, search for that
/l character in the other string and return the appropriate
/[ answer .
if (x.length() ==1)
return find(x.char At(0), y);
if (y.length() ==1)
return find(y.char At(0), x);

Il Solve the problem recursively.

/I Corresponding characters match.
iIf (x.char At(0) ==y.charAt(0))
return 1+lcsrec(x.substring(1), y.substring(l));

/[ Corresponding character s do not match.
else

return max(lcsrec(x,y.substring(1)),
|csrec(x.substring(1),y));



