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V. Conclusion: Mazes and labyrinths

The topic of mazes and labyrinths extends through many fields of study. Many examples of the cultural significance of mazes and labyrinths can be seen in everyday life and in historical evidence that dates back thousands of years. Mazes and labyrinths vary greatly in their geometry and construction but fundamental difference do exist between the two (1). This essay aims to introduce the fundamental differences between mazes and labyrinths, explain the cultural significance of these patterns, and explore the mathematical and topographical relationships they contain.
In contemporary use, the words maze and labyrinth are often incorrectly used to imply the same meaning. Labyrinths differ in a fundamental way from mazes in their topography. When correctly used, the word labyrinth implies a closed passage that has only one entrance point. Labyrinths vary in the number of exits they have; some contain one exit and some have no exit points and are said to be circular. Many modern examples that exist in the study of mazes and labyrinths incorrectly use the word maze to describe a labyrinth or vise versa.  

In mathematical context, a maze is a geometry that has many branches and may not present a closed loop. In contrast with labyrinths, mazes often can not simply be “unwound” to form a straight passage from one point to another. Mazes are often thought of as puzzles that contain several possible passages and present many choices to the person passing through. The topic of maze design and solutions is a much more complex than the study of labyrinths due to the interconnected passages used to present choices to the person seeking passage through the structure. Traditional mazes are set on a flat plain so that no two passages can pass through each other without connecting. More complex mazes can be generated, however, to occupy three or more spatial dimensions to make solutions nearly impossible for humans. Nearly all historical examples of mazes lie on a simple plain and are easy to navigate compared to their modern computer generated counterparts. In mythology, mazes have been used to house monsters and demons due to the confusing and often difficult to navigate geometry they present.

Most mazes that have appeared in historical records and simple and often cut in corn fields to ease of construction. Early examples of mazes appear in Egyptian legend and center around the protection of a sacred tomb (2).

Labyrinths are more commonly seen than mazes and often appear in churches and various houses of worship to different religions. Most historical examples of labyrinths are seen in Christian churches in Europe. One of the best known examples of a labyrinth found in a church is seen in Chartres cathedral in France. More contemporary labyrinths are used in spiritual and naturalistic practices such as meditation.
One of the most notable examples of a maze appearing in mythology is the story of Daedalus and the Minotaur. The story explains that Daedalus, an architect and craftsman, was the son of Metion and was related to the early kings of Athens. Daedalus is said to have used his skills in craftsmanship to design a large maze to contain a Minotaur - a half man, half bull creature created by Queen Pasiphae and a male bull. When the Minotaur was born, Daedalus built the Labyrinth to contain the monstrous half-man, half-bull. For years, many young children from Athens were fed to the monster. Eventually, Daedalus was asked to help kill the Minotaur to stop the needless killing of Athenian youth. Daedalus helped by giving Theseus, a great hero of the time, a piece of string to tie at the entrance of the maze before entering so that he could find his way out after he killed the monster. Theseus succeeded in killing the monster and escaped to the island of Crete after locking Daedalus and his son Icarus in the great maze that the Minotaur was once housed in. Daedalus once again used his engineering and craftsmanship skills to build two sets of wax wings for himself and his son. Sadly, Icarus flew too close to the sun in his escape from the maze and drowned in the Mediterranean Sea.
Mazes and labyrinths are also often seen in religious texts and mythology to symbolize the journey that a follower of a particular religion takes to enlightenment and in some cases heaven and even death. The winding and concentric passages of labyrinths seen in mythological texts and stories often represent a physical journey and the hardships encountered in meeting a goal (3).

Labyrinth-like patterns are also commonly seen in the study of more modern religions. Most commonly, these patterns appear in Christianity and symbolize a journey through life to what followers refer to as heaven or an afterlife. One of the largest and most well know examples of a labyrinth appearing in a Christian church is the pattern found on the floor of Chartres cathedral in France.
Chartres features a labyrinth that was built approximately 800 years ago - around the year 1200 AD. Each year, thousands of Christian followers visit the cathedral in Paris, France. Many people choose to navigate the labyrinth on their knees - a process which takes about an hour to complete and is said to represent a pilgrimage to Jerusalem. Followers often make the journey to the center of the labyrinth on their knees to represent their humbleness before god and to symbolize the hardships found in their lives.

Other religions and spiritual groups use labyrinths and mazes as a way to relax and find what they describe to be enlightenment. Many people find it peaceful to simply walk through the winding passages of a labyrinth and meditate in the center to relieve stress. Naturalists are also often cited for creating labyrinths to be used to the purposes of experiencing and observing nature (4). Rocks are often used for the purpose of defining a path to be walked and are said to contribute to the experience.
Examples of mazes and labyrinths can be seen as far back as 2000 BC and date to the times of Egyptian culture. In most cultures, mazes and labyrinths are used to represent a journey to spiritual enlightenment though some are used in other practices such as tribal dance and even simply for the purpose of exercise and physical health.

Labyrinths are almost always preferred over mazes in religious contexts because of the single passage and the journey that they imply. As mentioned before, maze and labyrinth like patterns are used in many religious contexts to help followers find a path to their own enlightenment and acceptance of their faith (5).
Other than religion, however, several uses for labyrinths exist in areas ranging from entertainment to simple exercise. In modern life, many people find solving mazes printed on paper as an attractive activity to stimulate their minds and pass time. Mazes and labyrinth like patterns are also commonly found in home decor as a useful way to add interest to some fabrics and household items such as dishware and even wallpaper.
Examples of the use of labyrinths can be found in some cultural dances in which dancers move in paths that resemble the concentric spiral path found in a small closed labyrinth. Interestingly, these dances are usually found in areas of tribal people in Africa. The influence of mazes and labyrinths is widespread in modern culture and can be traced to European and Egyptian roots.
Mazes and Labyrinths present an interesting topic to study in terms of mathematics and topology. Because of the size differences found when mazes are drawn on paper and when they are built to be walked in, several different methods exist to find the best path through a maze depending on the perspective from which it is seen. When a maze is seen by an observer inside who is trying to find a way out, much of the information on its geometry is missed due to the fact that the observer cannot see through walls and therefore can not know about all the possible routes in a maze without trying to navigate them all. From a removed or overhead perspective, such as when a maze is drawn on paper, solutions are often easier to find because all of the connecting passages can be seen at once rather than one at a time.
In terms of solvability, labyrinths present no real challenge from either a first person or a removed point of view due to the fact that they do not present any choices. Thinking spatially, a labyrinth can simply be “unwound” to reveal a tunnel like path that can be walked through or traced with a pencil if the labyrinth is drawn on paper. Mazes, however, present a real challenge to someone seeking passage through because they can contain choices that are wrong and do not lead to a solution. Counterintuitively, mazes that lack dead ends are actually much harder for a first person observer to solve than mazes with dead ends. If a maze does not contain any passages that force a change in direction, it is easily possible for someone to end up walking in circles rather than eventually finding a solution.

First person solutions to mazes usually need to make use of strings or marks on walls or the floor to be effective for complex mazes that lack dead ends. Mazes that contain only dead ends, however, can easily be solved by what is referred to the as the “right hand” rule. The rule suggests that a person wondering through a maze should choose a hand and always keep it on a wall either to their right or their left. Using this method, the spatial geometry of a closed maze (a maze that has only dead ends and one solution) can be unwound into a straight line and a way out can be found.
Mazes with island like areas that do not necessarily end in dead ends, however, cannot simply be solved by the use of the right hand rule because it is possible to become caught in a loop using this method. For complicated mazes that contain island like passages, other algorithms have proven to be effective at finding a way out. One of the more popular methods for finding a way out of a complicated, interconnected maze is Tremaux’s method.  
Tremaux's algorithm suggests the use of a string or piece of chalk to mark passages that have already been visited in order to find solutions that do not end in dead ends or cause looped behavior. Tremaux's algorithm is commonly used in modern maze solving robots to find efficient solutions to complicated mazes from a first person view point.

Solving a maze from an overhead viewpoint is usually much easier than from a first person viewpoint because all possible outcomes can be seen at the same time. In solving a maze on paper, it is often useful to fill in or otherwise mark off areas that end in a dead end. These procedures for removing unusable passages from a maze are often referred to as filler algorithms.

Two common filler algorithms are the dead end filler and the cul-de-sac filler. Both of these fillers simply exist to eliminate unused passages from a maze and make it easier to solve. Filler algorithms help to solve simple mazes that lack island like sections and end only with dead ends and solution passages. 

Due to the nature of the many interconnected passages that mazes can contain some tend to be much harder to solve than others. Mazes that can be unwound into a simple line can be referred to as perfect solutions – solutions that are unique and always correct. Mazes with three or more dimensions present a much more difficult challenge to solve and are nearly impossible for a human to solve from a first person perspective.
In conclusion, mazes and labyrinths can be beautiful and fascinating to study. They have existed for many thousands of years and have strong ties to religion but are not strictly limited to spiritual uses. Labyrinths are widely used as sources of decoration and relaxation. Mazes present an interesting challenge to the fields of topology and mathematics and can present entertainment to people of all ages.
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