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8.69: Another Example of Deutsch's Algorithm

See the previous tutorial "A Simple Solution to Deutsch's Problem" in this section for further detail on Deutsch's algorithm. This
tutorial presents a similar example, so only a brief outline will be provided.

A certain function of x maps {0,1} to {0,1}. The four possible outcomes of the evaluation of f(x) are given in tabular form.
x 0170101701
fx) ' 00 ' 11’01’10
From the classical perspective, if the question (as asked by Deutsch) is whether f(x) is constant (f(0) = f(1)) or balanced

(£(0) # f(1)) then one must calculate both f(0) and f(1) to answer the question as shown below.

The following circuit carries out,

Uylz)[0) = |2)| f(x))

where Us (inverse controlled-NOT, followed by a NOT operation on the lower wire) is a unitary operator that accepts input |x> on
the top wire and places f(x) on the bottom wire.

|
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The required circuit elements in matrix format are:
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QuantumCircuit= kronecker(I, NOT) ICNOT QuantumCircuit = 01 0 0
0 1 0
Input Calculation Output
1 1 0 0
1 1 0 0 1 1 1 0
f(0)y=1 (O)®<0): 0 QuantumCircuit 0 = 0 0 :(O)®<1)
0 0 0 0
0 0 0 0
0 1 0 0 0 0 0 0
f=1 (1)®(0): 1 QuantumCircuit 1 = 0 0 —(1)®(1>
0 0 1 1

We see by these operations of the circuit that f(x) is constant:

x 01
flx) 1 1
A quantum computer can also process a superposition of inputs, in this case a superposition of 0 and 1. The circuit produces a
superposition of the outputs calculated above.
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1 0 1

However, this does not answer the balanced/constant question because observation of the output causes it to collapse to one value
of the other, either |0>|1> or |1>|1>. Running the circuit just once will not answer the question.

Deutsch pointed out that quantum superpositions and the interference effects between them allow the answer to be given with one
pass through a modified version of the circuit shown here.

|0) constant
|0> > SRR IR > measurem

QuantumCircuit = kronecker(H, I) kronecker(I, NOT) ICNOT kronecker(H, H)

0.707 —-0.707 0 0
QuantumCircuit — 0.707 0.707 0 0
0 0 —0.707 0.707
0 0 0.707 0.707
0 —0.707 -1
e 0.707 RN AN AN AL 1
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The appearance of |0 > on the top wire confirms that the function is constant with one pass through the circuit.
It is also possible using the following truth tables to trace the evolution of the input quibits through the quantum circuit.

Hadamard operation:

Decimal Binary to Binary Decimal

0 00 to 00 0
Identity (0 to 1) ICNOT 1 01 to 11 3
1 to 0 2 10 10 10 2
3 11 to 01 1
|01)
HeH
ﬁHU) +[1)] %H@ —[1)] = £]]00) —|01) +]10) — |11)]
ICNOT
31100) —[11) +]10) —[01)] = 5 (|0) +]1)) (|0) — |1))
1@ NOT
$1310) + 1)) (|11) = [0))]
H®I
10>ﬁ(|1> -10))
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This page titled 8.69: Another Example of Deutsch's Algorithm is shared under a CC BY 4.0 license and was authored, remixed, and/or curated
by Frank Rioux via source content that was edited to the style and standards of the LibreTexts platform.
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