The Moving Sofa Problem: A Mathematical Puzzle

Introduction

What is one of the biggest and most frustrating problems with moving house? It's a pain to have to
move your massive sofa around corners. It just needs so much effort and time! In the actual world,
moving furniture may be a challenging geometric puzzle, and the moving sofa problem is a classic
example of this type of problem. It involves finding the largest two-dimensional shape (sofa) that can
be manoeuvred around a right-angled corner in a hallway of unit width. American mathematician Leo
Moser first introduced the problem in 1966. Various solutions have been proposed over the years, the
most famous being the "Gerver Sofa," discovered by Joseph Gerver in 1992. With its unique shape,
the Gerver sofa is able to turn around corners with the greatest amount of space. However, there is
no exact answer to the Moving Sofa Problem, which remains an open question in mathematics and a
fascinating subject for future study. This essay explores the Moving Sofa Problem, its challenge,
solutions, and implications for real-world applications.

Challenge

It all started in 1966 when mathematician Leo Moser asked a simple question that puzzled the world®.
The question was to find the shape of the largest area in the plane that can be moved around a right-
angled corner in a two-dimensional hallway of width 1cm. He thought of this problem when he
couldn't move his couch into his brand-new house after thinking he could do this only using math.
Usually, people immediately think of a square or semicircle. To understand the Moving Sofa Problem
better, you must master geometry and topology. A square or a semicircle would do, but they are
considerably smaller than the complex designs that mathematicians have discovered. He eventually
came to the realisation that he was stuck. As a result, he makes this puzzle public for consideration by
other mathematicians.
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Figure 1: The Hallway



Solutions

It has attracted the attention of many mathematicians over the years who have tried to determine
lower and upper bounds for the sofa constant and to construct optimal or near-optimal shapes that
can move around corners.

In 1968, a mathematician named John Hammersley? stunned the world with his "biggest sofa", which
looked like a telephone as it was made of two quadrants with a radius of one with a rectangle between
them. The rectangle had a semicircle cut out of it to make the corner on the inside run smoothly. He
derived a lower bound of 2/m + /2 = 2.2074 based on the shape of a telephone handset. As shown in
the Figure 2, this shape consists of two quarter-disks of radius 1 on either side of a rectangle of one by
two pixels in which a half-disk of radius two pixels has been removed®. He also found an upper bound
of 24/2 = 2.8284. For over twenty years, people were convinced that Hammersley's sofa was the giant
sofa that could fit in this two-dimensional hallway even though he did not mathematically prove that
his sofa was the biggest, which was confirmed as another mathematician made only slightly bigger
than Hammersley's sofa.
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Figure 2: Hammersley's Sofa

In 1992, a mathematician named Joseph Gerver® made a new sofa based on Hammersley's that was
the same as his, except the points and corners were swapped with curves. This resulted in Gerver's
sofa being 2-3 per cent bigger than Hammersley's. It took him quite a while to make his sofa as he
thought thoroughly about his couch and did a lot of uniqgue mathematical equations to get his final
design. Gerver constructed an 18-section shape with smooth analytic curves, which increased the sofa
constant to approximately 2.2195. Gerver's design is the most significant anyone has ever made, but
like Hammersley's one, it hasn't been proven as the biggest that can fit in the hallway.
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Figure 3: Gerver's Sofa

In the 21% Century, mathematician Don Romik made the current largest ambidextrous sofa*. An
ambidextrous sofa is a variation from the Moving Sofa Problem. Instead of having the sofa turn in only
one direction, it now has to turn in both directions.

Figure 4: Ambidextrous Hallway

Using equations from Gerver, Romik managed to create his sofa, which looks like two aces of spades
facing away from each other, stuck together. It has 18 curves like Gerver's Sofa. Romik's sofa is also the
only sofa that wasn't solved by trial and error. Dan Romik has described a lower bound of an area of
approximately 1.64495521. Romik's sofa was another success for the people studying the Moving Sofa
Problem and other variations of it. It may be the largest area for an ambidextrous sofa.

Figure 5: Don Romik's Ambidextrous Sofa



Implications

The Moving Sofa Problem shows the beauty, realism and difficulty of this problem, showing what the
human desire to understand and solve complex problems. In the past 57 years, mathematicians have
thought about this, and some people have spent years trying to find out why the biggest sofa is a bit
bigger than theirs. We are still unable to solve the Moving Sofa Problem. Most people say that the
difficulty in the Sofa Moving Problem is not to find the most oversized sofa but to find a method and
solution and explain why it is the biggest. In the future, people will use computers, Als, robots or
something new to find the largest sofa, or maybe it will remain unsolved for eternity. As a result, the
Moving Sofa Problem has implications across many fields of study, including mathematics, physics, and
engineering. This problem has advanced our understanding of geo-optimisations, their properties, and
optimisation techniques for navigating tight spaces.

It has several real-life applications, such as furniture design to make your furniture, not just your sofa,
easier to move around instead of spending days moving all your closets, drawers, tables and sofas.
They could do this by making the furniture into the shapes that work for the Moving Sofa Problem.
They don't have to be the biggest. They just need to worry about the turns. They could use this problem
to figure out more efficient ways to move furniture in your house.

It will also benefit transport, finding safer roads for cars to turn, so they don't go on the pavement. For
example, | go on the bus to school, and sometimes when the bus company runs out of buses, they use
a massive coach to take people around. The bus's route has many twists and turns, and the road is
narrow, but somehow, that coach will never crash or go on the pavement. If the road was 10
centimetres less wide, the coach might just brush the sidewalk and damage the tires or crash. This
problem can make easier turns for cars and make travel a lot safer. | believe that this problem will be
helpful for road safety. It could also have implications for robotics and autonomous vehicles, where
they must navigate tight spaces and corners. It could help them understand the optimal paths to take
and design their movements more efficiently.

Additionally, this problem will help warehouse storage by allowing workers to access parcels, furniture,
and other items more quickly. This is rather than having to arrange thousands of parcels in rough
groups. Organised parcels make finding specific items in a warehouse easier, saving time and making
it more efficient.

Conclusion

In conclusion, the moving sofa problem is a fascinating mathematical problem that has captured the
attention of mathematicians and the public alike. Although the problem seems simple, itis
exceedingly difficult to resolve. Despite numerous attempts, no one has found the exact solution to
the problem, and it remains an open question in mathematics. Mathematicians are still working hard
to find a solid and reasonable solution. The moving sofa problem has implications in many real-world
applications. As an example, it has been applied to simulate the movement of robots in tight spaces
and corners. Further, this problem is a wide range of geometry and topology problems with
applications in physics, computer science, and engineering. The Moving Sofa Problem will continue to
inspire future generations of mathematicians to unravel the mysteries of this challenging problem.
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