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Classical Error Detection and Correction
Exploring how computers find and fix errors

_ Importance in Quantum
Learning Goals Computing

e Understand how a classical This activity introduces participants to
computer detects and correct errors.

e Detect and correct errors using one the binary system and error detection

strategy that classical computers and correction in classical computing.
use. Quantum computers also need to be

able to detect and correct errors, but
use different methods.

Materials Preparation
O Surface with a grid, such as a e If necessary, draw a 6 by 6 grid on a
checkers board or white board white board or piece of chart paper.

A Items to populate the grid that differ
in one aspect (e.g., sticky notes with
Xs and Os, checkers pieces in red
and black)

A Copies of Error Detection worksheet

Background Knowledge

In this activity, participants will use a two-dimensional grid or array of binary objects and
learn one way to detect errors within an array. Classical computers do not use all the
digits we are accustomed to in math—O0 through 9—they use only Os and 1s. The 0s
and 1s in a computer can also be interpreted as on (1) or off (0). The storage in a
classical computer only recognizes on or off, so the circuits in a computer function like
the circuits controlling a light in your home—it switches on or off. This system of Os and
1sis called binary, and each 0 and 1 is a binary digit. Everything the computer does
requires storing information through binary digits, or bits. It is also important for
guantum computers to be able to detect and correct errors in the quantum bits, or
gubits. However, qubits can be 1 and 0 simultaneously — this doesn't exist in classical
computing — and change when measured, so this method does not work.
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Classical Error Detection

Facilitating the Activity

ENGAGE
1. Look through the images in one of the following books, or something similar, with
E!J participants. Ask them to identify the image on each pages that does not match
| | the others. What is similar about them? What is different? Facilitate a discussion

Literacy of how they identified the error on each page. What clues did they use to find the
Connection error? How would they correct it so it matches the other images on the page?

a. Undercover: One of These Things is Almost Like The Others, Food Hide
and Sneak, or Vehicles Hide and Sneak by Bastien Contraire

b. The Odd One Out by Britta Teckentrup

2. Ask participants what they know about how computers are made and how they
work. Check that they know the following:

a. Computers are comprised of a series of circuits, just like circuits in a
building that allow a light to be either on or off. Inside a computer, the
circuits can be either on or off, which are stored as the binary digits (“bits”)
1or0.

b. Classical computers are based on a binary system of Os and 1s.

3. Tell participants that computers sometimes make errors and the relative
simplicity of binary (only 2 digits) means that finding the errors is relatively easy.
Ask participants if they know what a computer does when an error occurs in the
bits in the hard drive. For example, if a bit that is supposed to be a 0 is recorded
as a 1, or vice versa. It would be more difficult if computers used all ten digits we
use for math.

4. Tell participants that you have an activity that shows how a classical computer
finds small errors and corrects them, so they don’t accumulate and turn into
bigger problems for the user.

ACTIVITY

1. Fill in one row of 5 with a mix of your objects and one
column of 5, as shown in the example to the right.
Randomly choose the value of each position.

Differentiation Note: For younger participants, consider starting
with a 3x3 grid and building it to a 4x4 grid.
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Classical Error Detection

2. Ask a participant to complete the rest of the 5x5 grid with
a mix of the objects, as shown in the example to the right.

3. Tell participants that maybe 5x5 is too easy for you, and
add another row and column to make the grid 6x6. Your
new objects will not be randomly chosen, but don't tell
this to participants. Use the following rule to place the
remaining objects.

a. There must be an even number of one of the
two objects in each row and each column. In
the example shown, there is one X in the first row.
Another X needs to be added in the sixth position
of that row to make an even number of Xs.
Similarly, the third column has 4 Xs, so an O
needs to be added to the sixth position in that
column to maintain an even number of Xs.

4. Ask a participant to change one of the objects (e.g., from X to O, or from red to
black) while you have your back turned. Tell them that you will be able to tell
which card was changed when you turn around. Ask other visitors to watch and
confirm that you have not cheated.

Facilitation Note: If a second facilitator is available, have them help the participant
successfully change the object. Common problems the participants have include using

an object that is not one of the two options, placing an object outside of or out of line

with the grid, replacing an object with the same object (so there is no change), or
switching two objects already on the grid (resulting in 2 errors).

5. When you turn around, look for the row and column T
that no longer have an even number of your object.
The object that they have in common is the one that
was changed. Show participants the object you
believe was changed and ask if you are correct.
Participants might think you made a lucky guess, so
return the object to the correct state and ask
another participant to change another object while
you are not looking.

2 Even

4 3 4 2 2 4 #X'sin
Even Odd Even Even Even Even column
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Classical Error Detection

Facilitation Note: Be sure to change the object back to the original state before you
repeat the “trick.” You must ensure that the rows and columns have and even number
before starting. This process does not work if 2 bits have been changed because it's
assumed that double errors are rare.

DISCUSSION

Quantum
Connection

1. Ask the participants for their ideas about how you figured out which object was
changed.

a.

If a participant has the right idea, have them come up and demonstrate
their strategy.

If no participants have the right idea, give them a hint by saying that you're
using a pattern in the grid to identify which object changed. Ask for
someone else to change an object and again find the change.

If participants still need a hint, tell them that the key is in the 6th row and
6th column that you placed, rather than in the original 5x5 grid that the
participant created.

2. If most participants are still struggling after seeing the activity multiple times, do it
once more while walking them through the process.

a.

Explain your reasoning for choosing either X or O for the 6th row and 6th
column, as described above. To further illustrate this, you can construct a
new 5x5 grid and walk them through constructing the 6th row and 6th
column.

Explain the process you used to identify the changed object. Show
participants how you identify the problematic row and column, and how
that will always lead you to the single object that was changed.

3. After all participants understand the process, ask one or more to come up and try
it out, both creating the 6th row and 6th column as well as identifying the
changed object. With this logical method, anyone can do the “trick!”

4. Tell participants that the error detection and correction method they just learned
only applies to classical computer, not a new kind of computer called a quantum
computer. There are 2 reasons that this doesn’t work for quantum computers.

a.

In this error correction method, we observe bits, which are either a definite
1 or a definite 0. How can you look for an even number of 1s if you don’t
even have a certain number of 1s to begin with?

This error correction method relies on an observer actually looking at (or
measuring) the bits in the array. Qubits, on the other hand, are sensitive to
any form of measurement to the extent that if qubits are even exposed to
light, their state will be altered. In quantum computer, error detection and
correction cannot include observing qubits because observing changes
the state of the qubit.
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Classical Error Detection

5. Another method of classical error correction involves cloning bits in succession to
identify error. For example: Instead of sending a 0, you send five 0s
consecutively, 0-0-0-0-0. If you receive 0-0-0-1-0, the 1 is most likely the error
and should be a 0, because it's very unlikely the four zeros are errors and the 1
is correct. The reverse works if you want to send 1 by coding 1-1-1-1-1 and
receive 1-1-0-1-1. This method is also incompatible with quantum computing.
First, qubits are more complex than bits, as they can be 0 and 1 at the same time
and carry other information. Moreover, it's impossible to clone a qubit. To clone a
qubit, you would first have to measure it, and by measuring, you change the state
of the qubit.

6. Ask participants to complete the Error Detection worksheet and find the errors.

Connections to Standards

Next Generation Science Standards*

Crosscutting Concept: Patterns

Science and Engineering Practices: Using Mathematics and Computational Thinking
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| am in grade

Detecting and Correcting Errors

Examine the grids below. Use the strategy you just learned to find the errors.
Circle any errors you find.




Detecting and Correcting Errors

Examine the grids below. Use the strategy you just learned to find the errors.
Circle any errors you find.
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Share what you’ve learned about error detection and
correction!

e Explain to someone else what it means to detect and correct an error.

e Notice when you find and correct errors in your everyday life. Discuss your experiences with

others.
o What helped you to find the error?
o What did you do to correct it?
o How do you think you could make it easier to find errors?

e Try the classical error detection and correction “trick” with someone new! Can they figure out how
you did it?
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