Solution to exercise 3
1. (q10.7) Recall that z ≡ [A[n-1:0]] + [B[n-1:0]] + C[0]. Choosing n = 4, and letting A[3:0] = 0111, B[3:0] = 0101, and C[0] = 0  we obtain: z = 12 (decimal) . However, S[n-1] = 1, namely z is negative.   
2. (q10.8) From claim 10.9 NEG = XOR3(A[n-1],B[n-1],C[n]). 

( XOR3(A[n-1],B[n-1],C[n]) = XOR5(A[n-1],B[n-1],C[n],S[n-1],S[n-1]) =
XOR(XOR4(A[n-1],B[n-1],C[n],S[n-1]),S[n-1]) = XOR(OVF,S[n-1]). 

Where the last equality follows from claim 10.8, and the equality before follows from the fact that XOR is associative.

3. (q10.15) 
a. The reduction is based on the fact that moving s to the left is equivalent to moving n-s to the right, and vice versa. Hence we can calculate the regard t ≡ [dir sa[k-1:0]] as a signed number in 2-complement, and look for its absolute value (which is the movement left). First we prove that the absolute value is the correct movement. If the direction bit is 0, then abs(t) equals t, and it is trivially the same. If the direction bit is 1, then t = -2k + <sa[k-1:]> (from the definition of 2’s-complement, see definition 10.3). However  -2k = -n, hence t = <sa[k-1:0]> - n. Since this is a negative number, taking its absolute value yields abs(t) = n- <sa[k-1:0]>, as required. 
b. In order to implement it fast, we claim that: abs(t) = XOR k-1 (dir,sa) + dir. Note that if dir = 0, the l.h.s of the equation is t, whereas the r.h.s. <sa>. If dir = 1 the bits are inverted and 1 is added as required in 2’s complement.  The XOR can be implemented in O(1) delay, but the +1 pose a logarithmic delay. In order to avoid it, we note that the barrel-shifter is composed of k-levels (see page 65), where for the j-th level we need the j-th output bit.  Therefore we can use a naïve adder, and use the fact that even though the j-th bit of the result will be ready after j unit of time, the shifter will not need it before this time.
4. (q9.5) 
a. The maximum fan-out is logarithmic, the last bit in the output of the inner-most level is split to all the levels above it. 

b. Putting a buffer on each split does not change the functionality of the circuit (so it does not change the signal, just duplicate it). Trivially, it reduces the fan out to 2, since one output of the buffer is the split, whereas the other follows the same wire. This can also be proved by induction on the branching points, where the order of induction is by the levels of the recursive design.  

c.  The number of buffers is linear in the number of OP-gates. This can be seen by counting the fan-in of all the gates (this number is bounded by 2n). Since at least one output of any buffer feeds either a gate or an output wire, we obtain that the number of buffers is bounded by 3n. 
