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THEORETICAL BACKGROUND: 

 

In this lab, we are going to talk about encoders, and multiplexers, the first design is just the 

inverse of the decoders, the second one is a very important and beautiful design that allows 

you to choose between multiple data lines the data line you want, the design itself is very 

similar to the decoder. 

Encoder: 
 

The encoder is just the reverse design of a decoder (Well, you should guess that from the 

name :D), this design takes multiple inputs and output a binary number that expresses what 

is the selected line in these inputs. 

 

Figure 1: Simple Encoder Design 

So in this design, if the input 0 takes the value one, the output will be 00, if the input 1 takes 

the value one, the output will be 01, and so on, but this design is ambiguous, imagine if the 

inputs 1, 2 are ones, the output will be 11 which is not the representation of 1 or 2, so there’s 

another design called priority encoder, which will output the value of the highest or lowest 

inputted number. 

 

Figure 2: Priority Encoder 

The idea here is that the O0 will be one only if the input 1 is One, and input 2 is Zero, so if input 

1, 2 are ones the output will be 10 which is the representation of 2 in binary. 



Multiplexer: 
 

The multiplexer is a very useful design, this design will allow you to connect one data line of 

many to the output, the selection will be according to selection bits. 

 

Figure 3: Multiplexer. 

So in this design, you will enter what line you want to select to be shown in the output, so if 

the selection bits are 00, the data line 0 will be shown in the output, if it is zero the output will 

be zero, if it is one the output will be one, if the selection bits are 01, the data line 1 will be 

shown in the output and so on.  

In Logisim, you can use the already design multiplexer, and priority encoder, you can change 

the number of selection bits and the data line bits for the multiplexer, and you can change 

the number of selection bits for the encoder. 

 

Figure 4: 4-bit data lines, 2-bit selection 

 

In this design, we have 4-bit data buses, and 2 bits for the selection, notice that the output is 

driven by data line 3 as the selection bits are 11 (3 in binary). 



LAB TASKS 

 

Task #1: A simple keypad (25 min) 
 

Using Logisim, you should design a simple keypad, this keypad will have the numbers from 1 

to 9, whenever the user presses a button the pressed button should be shown in a hex display. 

 

Figure 5: Buttons in Logisim 

 

Task #2: Adder with one keypad! (30 min, 5min) 
 

Using a multiplexer and a decoder, design a keypad similar to task 1, but this time will have 

an adder this adder adds a binary to the pressed number, and you should display the output 

on a hex display. 

 

 

 

 

 

 

 

 

 

 

 

END OF THE LAB 


