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Numerical Exploration of the Pythagorean

Theorem Using HOBO Algorithm
Shoya Yasuda, Naoaki Mochida, Shunsuke Sotobayashi,
Devanshu Garg, Yuichiro Minato
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A. Statement of the Theorem

The Pythagorean Theorem states that in a right-
angled triangle, the square of the length of the hy-
potenuse (the side opposite the right angle) is equal to
the sum of the squares of the lengths of the other two
sides. Mathematically, the theorem s expressed as:

2?4y (3)
where:

o z is the length of the hypotenuse

o z and y are the lengths of the other two sides.

B. Example

Consider a right-angled triangle where the lengths of
the two shorter sides are According to the
Pythagorean Theorem, the length of the hypotenuse can
be calculated as follows:

2=32+4=9+16=25 @)

Taking the square root of both sides:

Thus, the hypotenuse of the triangle is 5.

VIL. STEPS TO FIND NUMBERS SATISFYING
THE PYTHAGOREAN THEOREM USING HOBO

This section outlines the steps to find numbers that
satisfy the Pythagorean theorem using the Higher-Order
Binary Optimization (HOBO) framework.

A. Step 1: Convert Binary HOBO to Integers
Using Integer Encoding

First, to utilize HOBO, we need to encode the integer
values into binary form. This encoding process involves
representing the integer variables z, , and z as binary
variables.

For cxample, if we xepresent each variable using 4 bits,
the integers z, y, and z can be expressed as:

@ =200 +2'01 + 2%z, + 223
y=2"0 +2'1 + 2%y + 2y, (6)
2=22+2'5 + 25+ 2%

Here, i, i, and z are binary variables, and the inte-
gers are derived through integer encoding.

blueqat

B. Step 2: Transform the Pythagorean Theorem
into a Minimization Problem

ext, find integer values that satisfy the
Pythagbrean theorem, we construc.the following cqua-
tion:

H=(+y" - ) Q)

This equation is s fured to yield a value of zero
when the Pythagorean theorem o2+ y? = 2 is satisfied
Minimizing s ¢ r‘q\lallnn corresponds to finding the in-
teger values z, y, and z that satisfy the Pythagorean
theorem.

C. Step 3: Expand the Equation and Convert to
HOBO Form

The next step involves expanding the equation H and
converting it into HOBO form. The HOBO form is a rep-
resentation that includes higher-order interaction terms
among binary variables.

The expanded equation takes the following form:

= (@ +y? ) = 2+ +y - 2072 - 2yt +

®)

s equation incudes bigher.ordor interacton terms

g 2y%). erting this expanded equation

into HOBO form prepares it for processing by a HOBO
solver.

D. Step 4: Input the Formulation into a HOBO
Solver to Find the Solution

Finally, the equation in HOBO form is input into a
HOBO solver. The solver will minimize the equation,
thereby finding the integer values z, y, and z that satisfy
the Pythagorean theorem.

For example, using a solver like TYTAN (HOBOTAN),
the solution can be found by sampling for the lowest en-
ergy state, which corresponds to the set of integers that
satisfy the Pythagorean theorem.

By following these steps, the HOBO framework can
effectively be used to scarch for integers that satisfy the
Pythagorean theorem.

VIIL. NUMERICAL SOLUTION AND RESULTS

Tn this section, we detail the results obtained from solv-
ing the Pythagorean theorem problem using the HOBO
framework.
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