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ABSTRACT
The Moving Sofa Problem is an unsolved problem that involves moving a
shape – a sofa – of greatest size around a 90° corner. We first attempted to
find an optimal solution for a variation of the problem that utilized a layout
with a 60° corner. We used GeoGebra to visually graph a solution to the
problem. Our strategy to do this involved modelling a hallway with polygons
and rotating the hallway around the origin in order to generate an optimal
shape. The next step was to see whether the program would be able to
generate a solution for any angle. After testing the program on a 90° hallway
we realized that the program would generate a Hammersley sofa which is
within 0.5% of the most optimal solution that has been found so far, the
Gerver sofa. In conclusion, we developed an algorithm that can generate the
Hammersley sofa for any given angle.

BACKGROUND
The original moving sofa problem is about moving a shape (a couch) through
a hallway with a width of one. Traditionally, the Moving Sofa Problem is
defined as: "What’s the largest possible area of a 2-dimensional region that
can be maneuvered using rigid motions through an L-shaped hallway of
width 1?" The problem was first published by Austrian-Canadian
mathematician, Leo Moser, in 1966 when it later became known as the
"moving sofa problem". It has remained unsolved for the past 53 years. This
question has confounded the best mathematical minds based on the
challenging geometric problem of moving and turning polygons in a plane.

PURPOSE
The purpose of this project is to find the most optimal shape that can be
used to move through our 60-degree angled hallway
using mathematics. We will:
• Use geometry software to find the largest area that can be moved 

through our angled corner
• Find the area of our shape using calculus and the Pick's theorem
• Create a general method to generate Hammersley Sofa’s for a k°

hallway

CONCLUSION
By rotating our hallway 240 degrees about the origin we found that our
"optimal" shape is closely related to Hammersley Sofa. Although they do look
similar our updated version of the sofa incorporates the 60 degree hallway
turn.

By using GeoGebra, we found a general solution to our version of our
problem. The shape we have found is the one with the most area that fits
through our 60 degree angled corner. We were able to find the Hammersley
sofa equivalent for any angle (k) using our GeoGebra Model. The
Hammersley sofa is very close to the Gerver sofa in terms of area.

Area of Our Sofa = 1.07

GEOGEBRA APPROACH
We used the online application GeoGebra, an interactive geometry, algebra,
statistics and calculus program. We set 6 points on a plane to form a region in
the shape of a 60° angled corridor with a unit width. With that region (shown
below in green), we rotated the corridor 240 degrees about the origin. We
then had the outline of the corridor traced down onto the canvas. After
completing a full revolution a figure forms. This figure is the Hammersley
Sofa equivalent for 60° hallway. We know that this figure will be able to fit
through the hallway because it was generated by the hallway. Essentially, we
reversed the process. Instead of having the figure rotate around the hallway,
we rotated the hallway to create a figure that satisfies the constraints. The
next step is to compute the area of the figure that was generated.

1966 MOSER MOVING SOFA PROBLEM
This problem has gone through several improvements over the years
with new research coming from UC Davis mathematician, Dan Romik,
improving on Gerver's sofa. Gerver's sofa was an improvement on the
Hammersley sofa of 1992.

APPROXIMATING THE AREA
We can represent the final shape for a 60° hallway as a piecewise function:

We can use Pick’s Theorem to (very roughly) estimate the area of the
figure. We enlarged our figure by a factor of 10 to minimize the error. There
are 10 lattice points on the figure and 22 lattice points on the interior of the
figure:
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APPLICATIONS
Problems that pertain to object movement are closely related to the Moving
Sofa Problem. Packing problems are increasing vital in a profit-
maximizing global world. Airlines, shipping corporations, commercial
engineers, and even your friend that needs help moving to a new apartment
all understand the importance of maximizing a given space.

FURTHER QUESTIONS

1) At what angle (if there is such an angle) would a semi-circle no longer 
fit through the hallway?

2) What if the track was made up of equilateral triangles? Would 
this shape still work?

3) Is there a more optimal shape that can pass through our hallway?
4) What happens if we try to take this design into the real world? (3D 

Printing)
5) Is there a better way to approach this problem that doesn't involve 

calculus?
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