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Graph Paper Programming WIP

Keywords: Algorithm, Basic coding, Basic coding, Coding, computer programming, Program,
Programming

Meta Description

A fun and easy activity to introduce general programming concepts and to help anyone
understand what an algorithm is using graph paper and markers.

Learning Objectives
Understanding how coding works in general.
Understanding what an algorithm is and how to make one.

Awareness that computers work by following an algorithm.

Key Terms

Algorithm
A list of commands or steps that must be followed in order to complete a task.

Central Processing Unit (CPU)
This is the core instrument responsible for running and managing all arithmetic and logical
processing tasks.

Coding
Programmers use coding to build computer programs that can then be used in different
applications around the world.

Computer Program

This is usually a piece of software (for example an application) which runs on an electronic
devices (such as a PC or mobile phone) that performs some functions in order to meet the
needs of the user.

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


http://steamexperiments.com/keyword/algorithm/
http://steamexperiments.com/keyword/coding/basic-coding/
http://steamexperiments.com/keyword/basic-coding-3/
http://steamexperiments.com/keyword/coding/
http://steamexperiments.com/keyword/computer-programming/
http://steamexperiments.com/keyword/program/
http://steamexperiments.com/keyword/programming/
http://steamexperiments.com/experiment/graph-paper-programming-2/
http://steamexperiments.com
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/

Graph Paper Programming - STEAM Experiments - Page 2

http://steamexperiments.com

Graphical Processing Unit (GPU)
This is the core instrument responsible for running and managing all graphic-related tasks, i.e.
image and video processing.

Random Access Memory (RAM)
The storage space for temporary data that is being processed in the CPU.

Method

Step 1
Mark as many 4-by-4 boxes as possible on a sheet of graph paper. Some graph papers already
have these boxes marked out. Each 4-by-4 subgrid will be used for one round of the game.

Step 2
Use the marker to draw a star in the top left-hand corner of each sub-grid. The stars mark the
starting point of each game.

Step 3
Give each subgrid a different finishing point, such as the box in the bottom left corner or the box in
the top right corner of the subgrid.

Step 4

‘Obstacles’ (filled boxes) can then be added to the grid to make the activity more interesting,
particularly for older individuals. It is imperative that the algorithm must not be allowed to pass
through these filled boxes.

Step 5

The grids are then given to the participants in the experiment and they are tasked to create an
algorithm which will trace a path from the start box to the finish box, avoiding any ‘obstacles’ (filled in
boxes) along the way.

The algorithm can be written down. When creating the algorithm, the following commands are
allowed:

Move one box right.

Move one box left.

Move one box down.

Move one box up.

Participants may need to be guided through the construction of the first algorithm.
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Step 6
Once the tasks are completed, invite participants to explain the reasoning behind their algorithms.

Alternative Method

1. Alternative commands could be used to make the activity more interesting. For example,
diagonal movements between boxes may be allowed, or a rule which prohibits algorithms
entering the same box twice could be introduced.

2. The activity could be changed to create a desired pattern on the grid rather than move to a
finishing point by using the additional command:

Fill-in box with marker.

3. The size of the sub-grid could be increased from 4 boxes by 4 boxes to a larger size, say 6

boxes by 6 boxes and more obstacles could be added.

Precautions

Reuse and recycle any extra papers when possible!

Narrative

When we want to travel from point A to point B, our brain chooses the path and sends signals to our
legs to move towards our destination. Similarly, the *brain’ of the computer — its central processing
unit (CPU)- is continuously sending commands to different parts of the computer system so that
different processes can be carried out. These processes could include putting a screensaver on the
monitor or opening a web browser. The CPU knows how to carry out these processes because it is
instructed by a computer program. Computer programs and their associated algorithms contain a list
of instructions that explain how to achieve certain tasks — they are a lot like the path chosen to move
from point A to point B. Thus, computers can be used to carry out different jobs by using different
computer programs. For example, a word processor can be used to write a letter and a web browser
can be used to surf the internet.

Questions

What is an algorithm?
A list of steps that are followed to finish a task.
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What is a computer program?
An algorithm that was coded and can be run by a computer.

Can only one algorithm be used to solve a specific problem?
No. Multiple algorithms can be created to solve the same problem.

What do we have to consider when choosing the best algorithm to solve a problem?
In this case, the algorithm with the shortest number of steps would be the best algorithm to
use.

Are algorithms only used in computing?
No, they can be used to solve problems in mathematics as well (they require a different
approach in the mathematical case).

Brief Explanation

The aim of this activity is for participants to grasp the concept of an algorithm. Each step that
iIs made on the graph paper represents a small part of the algorithm. Hence, an algorithm can
be used to describe a number of steps one after the other.

Algorithms are used everywhere in life. Even in the kitchen, when a person is following each
step of arecipe to cook the next meal. They are even used in mathematics to describe each
step of a method. However, the most notable example of algorithm use is in computer
science. In computer science, algorithms are used to tell the computer what it should do.

The way you design an algorithm is completely up to the creator. There is no good or bad
algorithm as long as it solves the problem you intended it to do. However it is true that one
algorithm can be more efficient than the other. The creator must always aim to keep the
algorithm simplistic, fast and easy for other people to understand.

https://computer.howstuffworks.com/question717.htm
https://code.tutsplus.com/tutorials/understanding-the-principles-of-algorithm-design—net-
26561

Detailed Explanation

In a computer, everything is powered by the central processing unit (CPU). The CPU is responsible
for running and managing all the computational processes that the computer requires to run
efficiently. Nowadays, CPUs are more customizable such that consumers are able to choose the
clock speed and number of cores amongst other factors. Multiple cores allows users to run multiple
computational processes in one go.
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https://www.howtogeek.com/194756/cpu-basics-multiple-cpus-cores-and-hyper-threading-
explained/

Hence, a computer algorithm is run by the CPU. However, it is important to keep in mind that
an algorithm can only be as fast as the CPU can process it. For heavy and complex
algorithms, a user might require a computer with a high number of cores and a high clock
speed. Sometimes, a user might require additional power especially when it comes to video
processing and gaming. In this case, a GPU (Graphical Processing Unit) can be used. The
GPU works hand in hand with the CPU and processes graphical based algorithms. This
increases the efficiency and overall speed of the computer.

An interesting fact is that the CPU also uses algorithms to manage its processes. Two of
these algorithms are the First Come, First Served (FCFS) scheduling algorithm which
manages the processes one after the other without one having a priority over another. The
other algorithm is the Shortest-Job-Next (SIN) scheduling algorithm which manages the
processes by running the task which takes the shortest time possible to compute.

https://www.tutorialspoint.com/operating_system/os_process_scheduling_algorithms.htm

Ideally, an algorithm must be designed to be as efficient as possible. As mentioned before,
the speed algorithm is limited by the amount of processes the CPU can handle every second.
However there are various other factors that makes different algorithms more efficient than
the other. For example, an algorithm that minimises the number of steps it takes to get to the
same result is usually said to be the better and faster algorithm. The memory of the computer
can also be an important aspect. When a user is working with big data, the computer must
create a large number of partitions to store the temporary values it is calculating. The amount
of temporary data a computer can handle depends on the RAM (Random Access Memory).
When the computer reaches the RAM limit, the computer is forced to slow down.

Additionally, there might be a case where two different methods can lead to the same result.
However, one algorithm is accurate and slow and the other algorithm is not so accurate but
fast. The tradeoff between the two algorithms is completely based on the user’s needs and
requirements. For example, when the algorithm is used to process data for a scientific
experiment, the algorithm is expected to give a more accurate representation and hence the
first algorithm mentioned should be chosen.

http://homepages.inf.ed.ac.uk/rbf/CVonline/LOCAL_COPIES/LIU2/ECCV96.html

Applications and Research

Applications

Computers use algorithms to carry out all kinds of functions and tasks including word processing,
caicuiations, running computer games and searching the web.
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Although computers are often used for clerical work and leisure activities, powerful
algorithms have increased the problem-solving potential of computers. Machine learning and
artificial intelligence algorithms are currently being used by the technology industry in a
range of applications including robotics, big data processing and managing of social media
platforms. These algorithmic tools are gaining speed because they give machines the ability
to learn and improve their own architecture (the current algorithm it is using). This is leading
to better processing of data. Companies are investing heavily in the development of these
algorithmic tools because they promise to improve user-machine interaction and the
adaptability of computer systems to new environments.

http://www.extremetech.com/extreme/252242-googles-deepmind-teaches-ai-navigate-parkour-
course
http://sloanreview.mit.edu/article/how-big-data-is-empowering-ai-and-machine-learning-at-
scale/

https://science.howstuffworks.com/robot6.htm

Research

Apart from storing and processing information using bits (Os and 1s), quantum computing uses
guantum bits (known as qubits) which enable them to process 1s and Os both at the same time. This
is a more complex and advanced way of transmitting and maintaining information than is used in
typical computer systems. Ultimately, these powerful machines will be able to enhance
computational performance up to a level never experienced before.
https://www.dwavesys.com/quantum-computing

In one of the multiple theoretical quantum computing projects, O’'Donnell and Say
collaborated to study on the computational complexity of time travel and they showed that
there was not much algorithmic benefit of using a fixed number of time-traveling quantum
bits rather than single time-traveling classical bits.
http://cordis.europa.eu/result/rcn/175293 _en.html

Investigation

Challenge participants to finish the required task with the minimum amount of algorithmic
steps possible. The sheets can be designed so that there are a number of different paths
which lead to the destination. Friendly competition between participants can be encouraged.

Question participants why the algorithms should be as short as possible.
[This is an investigation into the efficiency of computer algorithms]
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Time Required

~30 minutes
Preparation: 5 mins
Conducting: 20 mins
Clean Up: 1 mins

Cost

0-10€

Recommended Age

6-9
10 -12

Number of People

1 participant

Supervision

Not Required

Location

Indoors

Materials
Graph paper

Markers
Paper to write on
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