
 

 

  

 

 

 

 

 

 

 

Problem-1 COMBINATIONAL CIRCUITS 

 Which of the circuits in Figure 1 are combinational circuits according to the rules of combinational 

composition?  

 

 

 

 

 

 

 

 

 

Figure-1 

 

Solution: Circuit (a) is combinational. It is constructed from two combinational circuit elements 

(inverters I1 and I2). It has three nodes: n1, n2, and n3. n1 is an input to the circuit and to I1; n2 is 

an internal node, which is the output of I1 and the input to I2; n3 is the output of the circuit and of 

I2. (b) is not combina tional, because there is a cyclic path: the output of the XOR feeds back to 

one of its inputs. Hence, a cyclic path starting at n4 passes through the XOR to n5, which returns 

to n4. (c) is combinational. (d) is not combinational, because node n6 connects to the output 

terminals of both I3 and I4. (e) is combinational, illus trating two combinational circuits 

connected to form a larger combinational circuit. (f) does not obey the rules of combinational 

composition because it has a cyclic path through the two elements. Depending on the functions of 

the elements, it may or may not be a combinational circuit. 
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Problem-2 RIPPLE-CARRY ADDER AND CARRY-LOOKAHEAD ADDER DELAY 

  Compare the delays of a 32-bit ripple-carry adder and a 32-bit carry-lookahead adder with 4-bit 

blocks. Assume that each two-input gate delay is 100 ps and that a full adder delay is 300 ps. 

 

 Solution: According to Equation 1, the propagation delay of the 32-bit ripple-carry adder is 32 × 

300 ps = 9.6 ns. The CLA has tpg = 100 ps, tpg_block = 6 × 100 ps = 600 ps, and tAND_OR = 2 

× 100 ps = 200 ps. According to Equation 5.6, the propagation delay of the 32-bit carry-lookahead 

adder with 4-bit blocks is thus 100 ps+ 600 ps + (32/4 − 1) × 200 ps + (4 × 300 ps) = 3.3 ns, almost 

three times faster than the ripple-carry adder. 

tripple = NtFA  (Equation 1) 

 

 

Problem-3 SET LESS THAN 

Configure a 32-bit ALU for the SLT operation. Suppose A = 2510 and B = 3210. Show the control 

signals and output, Y.  

Solution: Because A < B, we expect Y to be 1. For SLT, F2:0 = 111. With F2 = 1, this configures 

the adder unit as a subtractor with an output S of 2510 − 3210 = −710 = 1111 . . . 10012. With 

F1:0 = 11, the final multiplexer sets Y = S31 = 1. 

 

 

 

 


