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(a)

The minimum values of X, Y and P are all 0

The maximum value of X =1011101,=64+16+8+4+1=93
The maximum value of Y = 101101, =32+8 +4+1=45

The maximum value of P = (93)(45) = 4185

A 12-bit unsigned number can represent values in the range [0, 4095], which is not large enough.
A 13-bit unsigned number can represent values in the range [0, 8191], which is large enough.

Therefore, the minimum number of bits needed to represent P is 13.
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(c)

The minimum value of Z = 10111000, =-128 + 32 +16 + 8 = -72

The maximum value of Z=011111112=64 +32+ 16+ 8 f4+2+ 1=127
The minimum value of W = 0 + (32)(-72) = -2304

The maximum value of W = 4185 + (32)(127) = 8249

A 14-bit signed number can represent values in the range [-8192, 8191], which is not large
enough.

A 15-bit signed number can represent values in the range [-16384, 16383], which is large
enough. ‘

Therefore, the minimum number of bits need to represent W without any signed overflow is 15.
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