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What we did

This IMPp cycle we made a calculator from integrated circuits (ICs). ICs are 
composed of transistors, making them one of the lowest level components of a 
computer. We used the 74ls181 ALU as the core of our project, as it has a large 
variety of possible operations while being simple enough to understand the 
workings. This chip is an ALU,
which means it is the brain of the
calculator.



Why we did

We are both pretty interested in computer science (how computers work), and a 
binary calculator was a project that could teach us more about computers in 
general, while not being too complicated. Creating a CPU (kinda what makes a 
computer a computer) would be the next step, pretty much just adding a bunch 
onto this.



Challenges

The main challenge we encountered was debugging. Because of how complicated 
this project was, there are many possible points of failure, which makes it difficult 
to isolate any bugs.
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Things Learned

This project taught us a lot, including how to do logic design with a program called 
Logisim Evolution(github). You can simulate pretty much anything you can make 
using logic gates.

https://github.com/logisim-evolution/logisim-evolution


Mentor help

Ms. Alison was really helpful, especially when prepping for IMPposium. Whenever 
we had a problem, she would listen to what we thought was the problem, and 
suggest fixes, and other potential problems, which were right most of the time, or 
at least helped us figure it out what the problem was, or a different solution.

Thanks Ms. Alison



https://docs.google.com/file/d/1JhBmJl6t1tUA_x3B4iLKeGrvpwlePQOr/preview


Binary

Binary is a way of representing information using only two symbols: 0 (off) and 1 (on). It's the fundamental 
language of computers, where each digit is called a bit. Normally, humans use the digits 0-9 - you would 
count 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. In binary , you would instead count 1, 10, 11, 100, 101, 110, 111, 1000, 
1001, 1010. Base 2 is useful, because wires can really only have two different states, on or off - 
represented by different voltages: 0V for off and 5V for on. You could have analog (where each different 
voltage represents a different number), but it would be much more complicated than digital, too much for 
us.



Logic Gates

Logic gates are the building blocks of digital circuits, each performing a basic logical function. The AND 
gate outputs true (1) only when both inputs A and B are true (1); otherwise, it outputs false (0). The OR 
gate, on the other hand, outputs true (1) if either input A or B is true (1); it only outputs false (0) when both 
inputs are false (0). The NOT gate is simpler, outputting the opposite of the input: true (1) becomes false 
(0) and vice versa. Lastly, the XOR (exclusive OR) gate outputs true (1) only when the inputs A and B are 
different; if both inputs are the same, it outputs false (0). These gates are fundamental in creating more 
complex circuits and performing binary calculations.



Addition
Addition is relatively easy. Imagine we're adding two numbers in binary, say 7 + 5. First, we break them down into their binary equivalents: 7 is 0111 and 5 is 0101. 
Now, similar to traditional addition, we start from the rightmost digit, the least significant bit (LSB), and work our way left.

Picture this: 1 + 1 equals 0, but with a carry of 1. That's like the basic rule of an XOR gate with an AND gate managing the carry. So, our LSB calculation gives us 1 + 
1 = 0 carry 1. The circuit version of this is called a half adder.

Moving on to the next bit gets a tad trickier. We have 1 + 0 + 1 (taking into account the carry from the previous calculation). Adding the first two bits gives us 1. Then, 
including the carry, we end up with 0, carry 1. Including the carry in a circuit is slightly more complicated, including 2 half adders and an OR gate. What we end up 
with is called a full adder, which can add 3 1-bit numbers into a 2-bit number.

Now, onto the third bit. We're facing 1 + 1 + 1. The 1 + 1 yields 0 carry 1. Adding one more to that gives us 1 carry 1. Carrying this over to the last column, we deal 
with 0 + 0 + 1, which equals 1.

Putting it all together, our final answer is 1100, which translates back to 12.



Subtraction
Two's complement is a method used in binary arithmetic to represent both positive and negative integers. In this system, positive numbers are represented as 
usual in binary, but negative numbers are represented by the binary equivalent of the positive number's complement, plus one.

Let's break it down with an example using 4-bit binary numbers. Take the number 5, which in binary is represented as 0101. To find its two's complement, we 
first invert all the bits (change 0s to 1s and 1s to 0s), giving us 1010. Then, we add 1 to this result, resulting in 1011. So, the two's complement of 5 is 1011.

Now, why is this useful? One reason is that it simplifies subtraction, because it allows us to treat subtraction as addition with negative numbers, and we already 
know how to do addition. For example, to subtract 3 from 5, we can simply add two's complement of 3 to 5, which is equivalent to adding 5 and -3.

When working with fixed-size binary numbers, such as 4-bit or 16-bit integers, there's a limitation known as overflow. Overflow occurs when the result of an 
arithmetic operation exceeds the maximum representable value for the given number of bits.

For instance, let's say we're working with 4-bit binary numbers, where the range is from -8 to 7 using two's complement. Adding 5 and 4 in binary (0101 + 0100) 
gives us 1101, with a carry of 1 in the fifth spot (11101), however, because we are only using 4 bits, the carry is ignored, because all four bits are already used. 
This is called overflow, because the output ‘overflows’ the available space.

This is the core concept used in two’s complement, as negative numbers are effectively big enough to cause an overflow, and flip around to a lower number.

Looking back at the example from earlier, we get 0101 (5) + 1101 (-3), which is (1)0010. This is larger than 4 bits, however, so it overflows to 0010, or 2.



Subtraction


