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1. Assignment​

 



 



 
2. Equipment Used 
 
Software: 

●​ Logisim 
 
 

3. Methodology 
Design Process Steps 
Step 1, Define Problem 
The problem for this lab was to create two 4-bit counters, one up and one down, a multiplexer 
and a 4-bit comparator. This requires a total of 8 inputs (clocks for each counter, a reset, operand, 
and comparator inputs). 
 
Step 2-6: Create state diagram, Encode Variables, Minimize machine,Create state table, 
Append flip-flops 
For each counter we now have 16 states. For each counter what will change is the progression of 
states. Each counter needs 4 D Flip-Flops to work and expanded on the difficulty of the previous 
counters from Lab 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Truth Table Logic for Up Counter 



 
 
 
 
 
 
 
Chip Diagram for Up Counter 



 
 
Up Counter in Logisim 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
Truth Table for Down Counter 



 
Down Counter in Logisim 



 
 
 
Step 7-8: Find simplified function(s), Draw logic circuit 
Next we made an Ad Hoc Multiplexer. Since an 9-input truth table wasn’t a logical step to take, 
it was easier to use the idea of the previous multiplexer and expand on it from there. We knew 
that by reusing the assets for each bit from Lab 2 Multiplexer we could implement them for each 
new bit. 
 
 
 
 
 
 
 
 
 



 
Multiplexer 

 
 
After that we began to work on the comparator. At first we were overwhelmed since we couldn’t 
do an 8-input truth table. While we contemplated how to solve the issue, Clay suggested using 
two 2-bit comparators, instead of making one big 4-bit comparator. This completely changed the 
difficulty and we were able to easily solve this problem with a little ingenuity from Andrew. 
 
 
 
 
 



 
2 Bit Comparator Logic from Lab 2 

 
 
 



 
 
2 Bit Comparator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Final Comparator 



 
 
 
 
 
 
Final Circuit 

 
 
 
Step 9: Convert to NANDs 
Due to the overall complexity of this lab, we decided not to convert to NANDS to both save time 
and remove the need to overcomplicate things. 
 
Step 10-11: Analyze any unused states, Revise state diagram 



We had no unused states and therefore had no need to revise our state diagram. 
 
 
Step 12: Check assumptions 
We would assume our clock pulses work for our circuit trainer but we cannot confirm this 
assumption at this time. 
 
Step 13: Chip circuit diagram 
Like the last lab, our space on the circuit trainer had been extremely limited. Therefore we used a 
comparator chip again to decrease the amount of space we needed on the trainer. We did create 
the multiplexer and counters with gates and flip-flops however. (We did create the circuit in the 
lab before online classes began but we have no video/pictures). 
 
 
 
4. Options 
 
Logisim:  
The options came from the multiplexer and the comparator. For the multiplexer, we could have 
used OR gates instead of XORs for the final output. Both gave the desired result but the XOR 
felt more correct and accurate to us. 
For the comparator, we could have tried to make a 4-bit comparator from scratch but it would 
have been difficult to do. So we chose the easy option of combining two 2-bit comparators 
instead. 

 



 
5. Problems Encountered 
Logisim Simulations:  
The main problems we encountered came from the 4-bit comparator. When we were unable to 
solve a truth table for the comparator, we looked up what the circuit should look like. This was 
for us to try to reverse engineer a truth table out of it. In the end it proved too difficult for us to 
work with and when we changed to the multi 2-bit comparator, some of the inputs were messed 
up from the previous attempt. 
 
6. Testing Methodology 
 
Logisim Circuit Simulations: 
For this lab, we had a total of 512 possible outcomes. It was not feasible to test each outcome 
due to the immense number. We got an approximate 25% certainty by completing 128 tests. 
These tests are the lowest state of the User Input (0000), the highest state (1111), and two 
opposite middle states (1010 and 0101). 
This way we confirm that the Less Than and Greater Than outputs work in their respective 
extremes and work somewhere in the middle. However, the Equals To output may be ineffective, 
but we do get 4 outputs on each counter to feel comfortable with. 
 
Our certainty could likely be higher if we assume that our outputs from lab 2 are counted or 
considered. But due to them being needed to be checked again, we can’t guarantee that. 
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8. Appendices 
 
Diagrams used:  
 
JK Flip Flop Chip Circuit Diagram 
 

 
 
Source: http://us.100y.com.tw/viewproduct.asp?MNo=33000  
 
XOR Chip Circuit Diagram 
 

 
Source: http://atelier.cc/sn74ls86an-42/  
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