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• Analysis of Combinational Logic (CL) 
• Design of CL 
• Classical CL circuits 
• Adder 

        
Combinational Logic (CL) 
 

• CL consists of input variables, logic gates, and output 
variables. 

• CL is a logic that has no feedback path from output to 
input and no memory elements. 

 
 
 
 
 
 
 
 
 
 

• For n input variable, 2n binary input combinations. 
• Specified with a truth table, list output values for each 

combination of input variables. 
• Described by m Boolean functions 
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COMBINATIONAL LOGIC (CL) 
 

• Tasks: 
    (1) Analysis of CL: Analyze the behavior of a given logic 

circuit 
 
    (2) Design of CL: Synthesize a circuit that will have a 

given  behavior 
 
Analysis of CL 
 

• Analysis steps 
o Given a CL circuit 
o Obtain a function for each output 
o Derive a truth table for each output 
o Interpret the operation 
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Analysis of CL 
 

• F2=AB+AC+BC 
• F1=A'BC'+A'B'C+AB'C'+ABC 
• Interpretation 
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Design of CL  
 

• Design steps 
 

    ● Given the specification of a circuit 
    ● Determine the inputs and the outputs 
    ● Derive a truth table for each output 
    ● Obtain a function for each output 
    ● Draw the circuit 

 
• Code Conversion 

 

o BCD to Excess-3 
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Design of CL 
 

• Code Conversion 
o  BCD to Excess-3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Design steps 
    ● Given the specification of a circuit 
    ● Determine the inputs and the outputs 
    ● Derive a truth table for each output 
    ● Obtain a function for each output 
    ● Draw the circuit 
 



Digital Logic 

CS	  2420	  –	  Husain	  Gholoom	  -‐	  lecturer	   Page	  6	  
 

 
 

Design of CL 
 
 

K-map  
 

• w = A+BC+BD  
• x = B'C+B'D+BC'D' 
• y = CD+C'D' 
• z = D' 

 
 

Multi-level 
 

• w = A+B(C+D) 
• x = B'(C+D)+B(C+D)' 
• y = CD+(C+D)' 
• z = D' 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design steps 
    ● Given the specification of a circuit 
    ● Determine the inputs and the outputs 
    ● Derive a truth table for each output 
    ● Obtain a function for each output 
    ● Draw the circuit 
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Design of CL 
 

• Build a circuit to display a decimal   digit(BCD) in a  
7-segment component. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design steps 
    ● Given the specification of a circuit 
    ● Determine the inputs and the outputs 
    ● Derive a truth table for each output 
    ● Obtain a function for each output 
    ● Draw the circuit 
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Outline 
 

• Analysis of Combinational Logic (CL) 
• Design of CL 
• Classical CL circuits 
• Adder 

 
        
Half Adder 
 
 

• Addition of two binary bits 
• x+y = ? 

 

   ● S=x'y+xy'=x⊕y 
   ● C=xy 
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Full Adder 
 

• Addition of three bits (two significant bits and a previ-
ous carry) 

• x+y+z= ? 
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Full Adder 
 
Adds three bits (two significant bits and a previous carry) 

• Note that the Sum alternates between an XOR and XNOR depending upon Carryin 
• Note that the Carryout alternates between an AND and an OR depending upon 

Carryin 
 
 

• S=x'y'z+x'yz'+xy'z'+xyz 
• C=xy+xz+yz 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

�	  	  In	  this	  figure,	  Z	  =	  Carry
in
	  and	  C	  =	  Carry

out
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Full Adder 
 

• Implemented with half adder ? 
 

• S=x'y'z+x'yz'+xy'z'+xyz=z⊕  (x⊕y) 
 

• C=xy+xz+yz=z(xy'+x'y)+xy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



Digital Logic 

CS	  2420	  –	  Husain	  Gholoom	  -‐	  lecturer	   Page	  12	  
 

 
 
 
 
 
 
 
 
 
 
 
 

Binary Adder 
 
 

• Arithmetic sum of two binary numbers 
 

• A chain of full adders : ripple (serial) adder 
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Application of Adder 
 
 

• Binary multiplier 
 

● B3B2B1B0 x A2A1A0 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


