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Problem Session 4 
(Portions of this Problem Session where taken from The Computational Universe developed by Sanjeev Arora, 
http://www.cs.princeton.edu/courses/archive/spring06/cos116.) 
 
 
Overview  

In this problem session, you will use Logisim to create circuits using AND, OR, and NOT gates.  
Because you used Logisim in the last problem session, the program should already exist in your 
home directory.  If necessary, refer to Problem Session 3 for instructions on downloading 
Logisim. 
 
Launch Logisim by opening a terminal window, changing to the directory where Logisim is 
stored, and typing the following command:  
 
  java –jar logisim.jar & 

 
Part 1: Beginning 

Let’s try out the Logisim Beginner’s tutorial this week. The tutorial will show you how to create 
and place gates within a circuit, how to connect the gates, and how to test out your work.  (You 
already know some of this.) Build the circuit described in the tutorial, with one change.  The OR 
and AND gates are really only using two inputs so click on those gates and change the number 
of inputs from five to two. If you need more guidance, read the tutorial on Libraries and 
Attributes.  
 
When you have completed the Beginner’s tutorial, show your instructor the completed XOR 
circuit.  
 
 
Part 2: An Odd-Parity Circuit 

Overview 
To build a circuit from a truth table, you should  first convert the truth table to a Boolean 
expression.  The procedure will be demonstrated on the truth table below.  

inputs output 
a b | x 
0 0 | 0 
0 1 | 1 
1 0 | 1 
1 1 | 0 
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We will use the sum-of-products technique. Sum-of-products is best explained by example 
(using the truth table above). 

The steps of the sum-of-products technique are: 

i.     Identify the combinations of input values (rows of the truth table) that make the output 
TRUE. 

inputs output 
a b | x 
0 0 | 0 
0 1 | 1 
1 0 | 1 
1 1 | 0 

ii.     For each combination of input values, create a Boolean expression that is TRUE if and 
only if the inputs have those particular values. In this case, there are two combinations 
of input values that make the output TRUE yielding two formulas: 

~a b and a ~b   (the ~ represents the NOT operator) 

iii.     Take the formulas that you created in step ii and OR them together to form a 
single expression representing the truth table: 

  (~a b) + (a ~b) 

In English, this expression means that the output of the function is TRUE if either a is FALSE and 
b is TRUE or if a is TRUE and b is FALSE. 
 

Build the Odd-Parity Circuit 
The truth table for a three-input odd-parity circuit is shown below.  Note that the output of an 
odd-parity circuit is TRUE if and only if an odd number of its inputs are TRUE. 
inputs output 
a b c | x 
0 0 0 | 0 
0 0 1 | 1 
0 1 0 | 1 
0 1 1 | 0 
1 0 0 | 1 
1 0 1 | 0 
1 1 0 | 0 
1 1 1 | 1 
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1. Now that you know how to convert truth tables to Boolean expression, derive a Boolean 
expression for the three-input odd-parity circuit.  Write the expression on paper. 

2. Construct the three-input odd-parity circuit in Logisim. There should be three inputs and 
one output.  You should use AND, OR and NOT gates. 
 

3. Label the inputs ‘a’, ‘b’, and ‘c’ and the output ‘x’ using the “Label” attribute field of 
each pin. 
 

4. Verify that the circuit you built matches the truth table for a three-input odd-parity 
circuit given above. 
 

5. Name the circuit. Since you’ll be using it later, you need to give the circuit a name.  Left-
click on the item labeled ‘main’ in the "Explorer window,” and rename main in the 
“Attribute window” located below the "Explorer window.”  Give the circuit the name 
‘odd-parity’. 
 

6.  Save the file by going to File > Save. Name the file ‘odd-parity.circ’. 
 

Show your Boolean expressions and your odd-parity schematic to the instructor.   
 
 
Part 3: A Majority Circuit 

You now have all the tools needed to take a truth table and implement it as a Logisim 
schematic. Given the following truth table, complete the tasks below. 
inputs output 
a b c | x 
0 0 0 | 0 
0 0 1 | 0 
0 1 0 | 0 
0 1 1 | 1 
1 0 0 | 0 
1 0 1 | 1 
1 1 0 | 1 
1 1 1 | 1 
    

1. Start by writing down (on paper) the Boolean equations corresponding to this truth 
table.   
 

2. Now implement your boolean equations as a schematic in Logisim using AND, OR and 
NOT gates. Be sure you label your input and output pins using the “Label” attribute field 
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of each pin.  Your circuit will (potentially) require the inputs and the negation of each of 
those inputs. The figure below represents three inputs and their negations in an easy-to-
read standard layout. Use a similar layout in your circuit.  

 
3. Verify that the circuit you built matches the truth table given above. 

 
4. Give the circuit the name ‘majority’. 

 
Show your equations and your schematic to the instructor.  The circuit that you have created 
implements the majority function, can you explain why it has that name? 
 
 
Part 4: Simplifying Your Schematic 

Although the circuit that you designed above may implement the truth table, it may not be the 
most efficient implementation. Very often it is possible to simplify the logical expression 
representing a truth table using boolean algebra rules. The procedure for doing this can be 
automated (i.e., it is algorithmic) and represented graphically, typically as a Karnaugh Map. 
Logisim implements such a simplification procedure and you can use that implementation to 
identify the most efficient circuit representing a truth table. 
 
Perform the following steps to apply the Karnaugh map optimization to a circuit in Logisim.  
Select "main" in the "Explorer window" and verify that the circuit representing the majority 
function is showing in Logisim's circuit window. If not, select the project that contains that truth 
table circuit.  Select "Project" from the menu bar and then select "Analyze Circuit" from the 
drop-down menu.  In the Combinational Analysis window that appears, select the "Minimized" 
Tab, set the minimized logic expression as the working expression using the "Set As Expression" 
button and select the "Build Circuit" button to see the new implementation of the truth table. 
Also, take some time to investigate the other tabs on the Combinational Analysis Window. 
 
Save the reduced circuit by going to File > Save. Name the file ‘majority.circ’. 
 
Show your simplified circuit to the instructor. 
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Part 5: A 1-bit Adder 

Overview 
Computers perform addition using the same method that you learned for adding two base-10 
numbers: add the two input numbers one column at a time starting on the right and carrying a 
one as needed. For example, to compute 7+6=13, a computer does: 

 

 1 1 0 0 Carries 
0 1 1 1 Input A (7) 

+ 0 1 1 0 Input B (6) 

 1 1 0 1 Sum (13) 
 

Consider one column of this addition: 

 1 1 0 0 Carries 
0 1 1 1 Input A (7) 

+ 0 1 1 0 Input B (6) 

 1 1 0 1 Sum (13) 
 

You can view it as a circuit with three inputs 

• A – one bit from the first input digit 
• B – one bit from the second input digit 
• CarryIn – a bit which is 1 if the we are carrying a one over 

from the previous column  
and two outputs 

• Sum – one bit of the sum 
• CarryOut – a bit which is 1 if we are carrying a one over to 

 the next column 
 

A circuit to compute a single column of an addition is called a 1-bit  adder. 
 
Fill in the truth table for a 1-bit adder 

     Inputs | Outputs 
A  B CarryIn | Sum  CarryOut 
0  0     0 |   
0  0     1 |   
0  1     0 |   
0  1     1 |   
1  0     0 |   
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1  0     1 |   
1  1     0 |   
1  1     1 |   

 
It turns out that the circuits that you’ve built so far in this problem session---majority and odd 
parity---are enough to implement a 1-bit adder.  
 
Examine the truth table for a 1-bit adder. Which of the circuits that you’ve already built 
(majority or odd-parity) can be used to compute the ‘Sum’ output of the adder and which can 
be used to compute the ‘CarryOut’ output?  Be sure that you can answer this question before 
you proceed. 
 
Build a 1-bit Adder 

1. Create a new circuit file in Logisim by going to File > New. 

2. Import our majority subcircuit and your odd-parity subcircuit into the new circuit file. 
To import a circuit into the file, go to Project > Load Library > Logisim Library… and 
then navigate to file containing the subcircuit that you want to import. The files that 
you’ll need to import should be named ‘majority.circ’ and ‘odd-parity.circ’. 
 

3. Once the two subcircuits have been imported, you should see two new folders named 
‘majority’ and ‘odd-parity’ in the column on the left. Click on the ‘+’ signs next to them 
to see the circuits themselves. You can click on these subcircuits to select them and 
then click anywhere in the dotted field to place them in your new circuit. 

 
 

 

 
 

 
 
 
 
 
Unfortunately, when you place one of the subcircuits in the dotted field, it just 
shows up as an unlabeled box. However, there are little blue dots on the box indicating 
the locations of the subcircuit’s input and output connectors. The input connectors are 
on the side that has the gray semicircle. Also, if you hold the mouse pointer over a 
subcircuit, a label with the name of the subcircuit appears, and if you hold the pointer 
over one of the subcircuit’s inputs or outputs, a label with the name of the input or 
output appears. 
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4. Build a 1-bit adder circuit and label the inputs and outputs. There should be three inputs 
labeled ‘A’, ‘B’, and ‘CarryIn’, and two outputs labeled ‘Sum’ and ‘CarryOut’. You should 
only need one majority subcircuit and one oddparity subcircuit and no other gates. 

 
5. Verify that the circuit you built matches the truth table that you completed in the 

overview portion of Part 5. 
 
Show your truth table and your 1-bit adder circuit to the instructor, and go home. 
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