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Chapter Three 

3.1 Analysis of Combinational Circuits

Very often we are given a digital logic circuit, and we would like to know the operation of the circuit. The analysis of combinational circuits is the process in which we are given a combinational circuit and we want to derive a precise description of the operation of the circuit. In general, a combinational circuit can be described precisely either with a truth table or with a Boolean function.

3.1.1 Using a Truth Table

For example, given the combinational circuit of Figure 3.1, we want to derive the truth table that describes the circuit. We create the truth table by first listing all the inputs found in the circuit, one input per column, followed by all the outputs found in the circuit. Hence, we start with a table with four columns: three columns (x, y, z) for the inputs and one column (f) for the output as shown below
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Figure 3.1. Sample combinational circuit.
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The next step is to enumerate all possible combinations of 0’s and 1’s for all the input variables. In general, for a circuit with n inputs, there are 2n combinations from 0 to 2n – 1. Continuing on with the example, the table below lists the eight combinations for the three variables in order.

Now, for each row in the table, that is, for each combination of input values, we need to determine what the output value is. This is done by substituting the values for the input variables and tracing through the circuit to the output. For example, using xyz = 000, the outputs for all AND gates are 0, and ORing all the zeros gives a zero, therefore, f = 0. This is shown in the annotated circuit below

Continuing in this fashion for all input combinations, we can complete the final truth table for the circuit as shown below
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3.1.2 Using a Boolean Function

To derive a Boolean function that describes a combinational circuit, we simply write down the Boolean logical expressions at the output of each gate, instead of substituting actual values of 0’s and 1’s for the inputs, as we trace through the circuit from the primary input to the primary output. Using the sample combinational circuit of Figure 3.1, we note that the logical expression for the output of the top AND gate is x'y'z. The logical expressions for the following AND gates are respectively x'yz, xy'z, and xyz. Finally, the outputs from these AND gates are all Ored together. Hence, we get the final expression

f = x'y'z + x'yz + xy'z + xyz
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To help keep track of the expressions at the output of each logic gate, we can annotate the outputs of each logic gate with the resulting logical expression as shown below

If we substitute all possible combinations of values for all the variables in the final equation, we should obtain the same truth table as before.
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