CS 351 Computer Architecture                                                        Fall 2007

HW # 2 solutions

1) Problem 3.16 (a)



Consider the number of incomplete squares. It is clear that they split the circumference into various arcs. Assuming that all these arcs are of equal length, it is clear that the number of incomplete squares is  d/L where L is the length of the arc. L can be further approximated by L ~ 1.414 * u  since the length of the arc is roughly the length of the diagonal of the square. (See the figure above.) 

Thus the number of incomplete squares is ~ d/ 1.414 * u . The number of incomplete and complete squares combined is given by area of circle / area of square = d2 / 4 u2. 

This means the approximate number of complete squares 

        ~ d2 / 4 u2 – d/ 1.414 * u

3.16 (b) for u = 1: 

The number of squares is x 142 / 4 (1)2 – x 14 / 1.414 x 1 ~ 123

The error term is ~ 31.

u  = 2. The number of squares can be calculated as 23. The error term is 15.

2) Problem 4.6 

(a) Time taken (with improvement)/ Time taken (original) =  0.4 + 0.6/2 = 0.7, so the improvement in the time = 30%

(b) Ratio of times = 0.46 + 0.54/2 = 0.73 so the improvement in the time is 27%

(c) Ratio of times = 0.4 + 0.06/2 + 0.54/4 = 0.565,so the improvement in the running time = 43.5%

3) Problem 4.12

(a) Peak performance of M1 (in MIPS) = clock  speed/ (CPI x 106)

 109 / (1 x 106) = 1000  

(CPI was chosen 1 because M1 takes 1 cycle per instruction for class B.)

Peak performance of M2 (in MIPS) = clock  speed/ (CPI x 106)

1.5 x 109 / (2 x 106) = 750

(b) MIPS rating of M1  for this mix = 109 / (106 x [0.5 x 2 + 0.25 x 4])

    MIPS rating of M2  for this mix = 1.5 x 109 / (106 x [0.5 x 2 + 0.25 x 7])

    MIPS rating of M2/ MPIS rating of M1 = 3/2.75 which is clearly > 1. 

(b) Let the fraction of B type instructions be p, thus the C type instructions are (0.5 – p). Doing calculations similar to (b), we get:

MIPS rating of M2/ MPIS rating of M1 = (3.75 – 3p)/ (3.5 – 3p). Clearly, the numerator is larger the denominator (since the same quantity 3p is subtracted from 3.75 in the numerator while it is being subtracted from a smaller 3.5 in the denominator.) Thus, (3.75 – 3p)/ (3.5 – 3p) > 1, and the proof is complete.

