Quiz 2 Solutions.

1. a. The actual dimensions of the matrices in the product are:

A1 = 5 x 10

A2 = 10 x 3

A3 = 3 x 12

A4 = 12 x 5


b. If you assume that the optimal parenthesization  ((A1 A2)(A3 A4)):

Then for the sub problem of multiplying A1 and A2 (A1 A2) is the optimal parenthesization (as matrix multiplication is not necessarily commutative). A similar argument can be given for multiplying A3 and A4. And thus this parethesization has an optimal structure. 

Given the parenthesization we assumed, you can do this by observation itself.

c (i) Let S (i, j, k) = s (the number of scalar operations) when k is the 

first level parenthesization of the matrices from Ai…Aj

1. S (1,4,1): (A1)(A2 A3 A4).
           


         (A2 A3 A4) can be multiplied as:

a. ((A2 A3) A4) which is S (2,4,3) = 10 x 3 x 12 + 10 x 12 x 5 = 960

b. ((A2) (A3 A4)) which is S (2,4,2) = 3 x 12 x 5 + 10 x 3 x 5 = 180

Thus, S (1,4,1) = 960 + 5 x 10 x 5 = 1210 or 180 + 5 x10 x 5 = 430.

2. S (1,4,2): ((A1 A2) (A3 A4)), thus S (1,4,2) = 5 x 10 x 3 + 3 x 12 x 5 + 

5 x 3 x 5 = 150 + 180 + 75 = 405.



S (1,4,3) can be computed in a way similar to S (1,4,1).

S (1,4,4) is represented by (A1 A2 A3 A4). Now, the first level parenthesis can be after A1, A2, A3 or A4. Each of them can be evaluated as shown above.

Similarly S (2,4,2), S (2,4,3), S (2,4,4), S (3,4,3)=S (3,4,4) can be evaluated.

(ii)
It is difficult to write the algebraic expression for S (i, j, k). Your solutions were graded based on how you understood the concept.

(iii) You will have to count all places where (A1 A2) appear.

d (i)
E.g. s_min(2,4) = S(2,4,2). Because ((A2)(A3 A4)) is optimum for the sequence (A2 A3 A4).

(ii) easy to compute.

(iii) s_min (i, j) = Mini(k<j{s_min (i, k) + s_min (k+1,j) + pi-1pkpj}.

(iv) e. s_min (1,n) should give the solution to the MCO problem. While s_min (i, j) is calculated, you should keep track of the k such that s_min (i, j) = s_min (i, k) + s_min (k+1,j) + pi-1pkpj i.e. the k which minimizes s_min (i, j).

