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Yarenthesization A product of matrices is fully parenthesized if it is either
e a single matrix, or
e a product of two fully parenthesized matrices, surrounded by parenthe-

ses

Each parenthesization defines a set of n-1 matrix multiplications. We just
1eed to pick the parenthesization that corresponds to the best ordering.

How many parenthesizations are there?
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arenthesization A product of matrices is fully parenthesized if it is either *
e a single matrix, or

e a product of two fully parenthesized matrices. surrounded by parenthe-

(A AssaYeA) )

Each parenthesization defines a set of n-1 matrix multiplications. We just
1eed to pick the parenthesization that corresponds to the best ordering.

How many parenthesizations are there?

Let P(n) be the number of ways to parenthesize n matrices.

=i P(k)P(n — k) if n > 2

| if n=1

P(n) =

This recurrence is related to the Catalan numbers, and solves to
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Matrix-Chain-Order(p)
1 n — length[p] — 1
2 fori—1ton

3 do mli,i] — 0
4 forl—2ton > [ is the chain length.
5 dofori—1lton—1+1
6 doj—i+1-1
7 mli, j] — ‘ (M?lk
8 for kb —itoj—1 ’
9 do g — mli, k| + mlk + 1, j] + pi_1pap; m ‘)
0 if q < mli,jl
1 then mli, j| — ¢
2 .s'[l"._i'] —k
3 return m and s /
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Matrix-Chain-Order(p)
1 n— length[p] — 1
2 fori—1ton
3 do mli,i] — 0
4 forl—2ton > [ is the chain length.
5 dofori—1lton—1+1
6 doje—i+l—1 O(ﬂ‘;)
7 mli, j] — ~x
8 for k—1ito j—1
9 do q — mli, k] + m[k + 1, j] + pi_1pp;
0 if q < mli,jl
1 then mli, j| — ¢
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e Matrix Multiplication is associative, so I can do the multiplication in
several different orders.

Example:
A . An_ = SOoo
Ay is 10 by 100 matrix
Qiy3= W00
e 4y is 5 by 50 matrix R3"' Aqo

e A, is 50 by 1 matrix A'B. i (A %@)

e 4, 4,4,4, is a 10 by 1 matrix {00

15001' 2899 go00tlfm

1¢000
ey [4) = {oa
Aq i ;Nl 3\] .nm(h,hn, ﬁn.‘\?\
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e 4, is 100 by 5 matrix
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Fibonacci numbers

*/

{
if {((n==1) || (n==
return 1;
else 1f (n==0)
return 0;
else

}

long long fib dp(int
{
long long Fn+l];
int iy
<]

Cliff Stein 10/16/05

/* Simple recursive program */

long long fib_recursive(int n)

1)

nj

/* Demonstration of recursion, dynamic programming and memoization on

‘l\| 5.35‘. 9, D,I\

‘\:’ ’\".*.F:\'l.

return (fib_recursive(n-1) + fib recursive(n-2));

/* Dynamic programming solution. Fill in the table in order */

153
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gcanft ("%d", &n);

getchar () ;getchar();

getchar()

getchar() s

<[
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/* Main demonstration program */

main()

{

int n;

printf("enter n - We will compute the nth fibonacci number \n");

printf(™\n \nHit a key to begin the dynamic programming computation™):
printf("™\n\n %d th fibonacci number is %11d\n",n, fib dp(n));
printf("\n \nHit a key to begin the memoized computation");
printf(™\n\n %d th fibonacci number is %11d\n",n, fib memoize(n));
printf("\n \nHit a key to begin the recursive computation”);

printf("\n\n %d th fibonacci number is %11d\n",n, fib_recursive(n));
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