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Quantum algorithms for Nuclear Physics III
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Lawrence Livermore National Laboratory physicist Jonathan DuBois, who heads the
Lab’s Quantum Coherent Device Physics (QCDP) group, examines a prototype
quantum computing device designed to solve quantum simulation problems. The device
is kept inside a refrigerated vacuum tube (gold-plated to provide solid thermal
matching) at temperatures colder than outer space. Photos by Carrie Martin/LLNL
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Euclidean algorithm
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Shor’s algorithm

Step 1

Determine if the number N is a prime, an even number, or an 
integer power of a prime number.  If yes to any of these, we do not 
need Shor’s algorithm. There are efficient classical methods for 
determining if an integer N belongs to one of the above categories.  
This step would be performed on a classical computer.
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Step 2

Pick an integer q which is the power of 2 such that

This step would be done on a classical computer.
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Step 3

Pick a random integer x that is relatively prime to N.  There are 
efficient classical methods for picking such an x. This step would be 
done on a classical computer.



Step 4

Create a quantum register and partition it into two parts, register 1 and 
register 2. 

Register 1 must have enough qubits to represent integers as large as q - 1.
Register 2 must have enough qubits to represent integers as large as N - 1. 
The calculations for how many qubits are needed would be done on a 
classical computer.
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Step 5

Load register 1 with an equally weighted superposition of states 
labelled by all integers from 0 to q - 1. Load register 2 in the 
zero state. This operation would be performed by the quantum 
computer. The total state of the quantum memory register at 
this point is
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Step 6

Now apply the transformation xa mod N to each number stored in 
register 1 and store the result in register 2. This is the most difficult 
step of Shor’s algorithm to implement, and some have argued that the 
efficient implementation of modular exponentiation might be an 
unresolved gap in the algorithm.  The state of the quantum memory 
register at this point is
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Step 7

Measure register 2, and observe some value k. This has the side effect 
of collapsing register 1 into an equal superposition of each value a
between 0 and q - 1 such that

Let A  be set of all such values for a.  The state of the quantum memory 
register after this step is

The integers in set A will be spaced apart in multiples of r, where r is
the multiplicative order of x.  This is the smallest positive number such 
that
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Step 8

Now apply the quantum Fourier transform to register 1. The state 
in the quantum memory register is now
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Step 9

Measure the state of register 1, call this value m, this integer
m has a very high probability of being a multiple of q/r, where r is 
the desired period. This step is performed by the quantum 
computer.
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Step 10

Take the value m, and on a classical computer do some post processing 
to determine r based on knowledge of m and q.  There are efficient 
ways to do this post processing on a classical computer.
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Step 11

Once you have attained r and it is even, then the prime factors in 
the factorization N = p  q can be determined by taking
p = gcd(xr/2 + 1, N) and q = gcd(xr/2 - 1, N) or vice versa.  The 
gcd can be computed using the Euclidean algorithm. 

This assumes that r  is even.  If that is not the case then go back 
to step 3 and pick another random x that is relative prime to N.  
This final step is done on a classical computer.



Recap of lecture

Nuclear dynamics on a quantum chip

Designer pulse control

Two-nucleon system

Shor’s algorithm

29


